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CHAPTER 5 

Effect of virtual articulator settings on  
occlusal morphology of CADCAM restorations 

Keywords:  Occlussal morphology, virtual articulator, occlusal interferences, dental 

CAD/CAM, dental restoration, computerized dentistry.



5.1 Abstract 

Purpose. Determinants of mandibular movements, like condylar inclination and incisal 

guidance should be considered in the fabrication of  restorations in occlusion to prevent 

posterior excursive occlusal interferences. This study investigated differences in the occlusal 

morphology of the right mandibular molar resulting from high, average and low values of 

settings for determinants of anteroposterior and transverse mandibular movement using a 

virtual articulation model.  

Material and methods. The articulation functionalities of a computer integrated restorative 

technology by imaging and new acquisition (CYRTINA) were used as a tool to examine the 

potential effect of determinants of mandibular movement on occlusal molar design. High, 

average and low values for condylar guide inclination, incisal guide angle and intercuspal 

contact area (antero-posterior determinants) and laterotrusion, mandibular lateral translation 

and intercuspal contact area (transverse determinants) were introduced and differences in 

molar morphology studied. The latter was done by comparing mesiodistal and buccolingual 

sections of the occlusal designs. These interocclusal differences were quantified as differences 

in frequency of occlusal distance intervals in an interocclusal range of 1 mm, measured from 

the occlusal surface of the molar model. The vertical distance with which a standard crown in 

occlusion had to be corrected to avoid interferences, was calculated.  

Results. Among all parameters, the ipsilateral and contralateral mandibular lateral translation, 

sagittal condylar guide inclination, the ipsilateral laterotrusion and the incisal guide angle give 

substantial occlusal surface corrections. The high setting for the ipsilateral mandibular lateral 

translation required most correction.  

Conclusion. High and low setting values of mandibular movement determinants require 

considerable adaptation of the occlusal surface of a crown to facilitate functional occlusion 

without occlusal disturbances. 



5.2 Introduction 

Dental restorations should offer stability in maximum intercuspidation and not interfere 

eccentric movements during articulation. The individual movement patterns of opposing tooth 

surfaces during function1-4 and gliding contact movements5-7 have therefore been studied 

comprehensively. These movements can be simulated in different types of articulators, using 

settings obtained from bite registrations7-9 or by using default values for the determinants of 

mandibular movement.10,11 With this information at hand and using conventional techniques 

for the fabrication of castor pressed restorations, the dental technician can build-up 

conventional crowns with an anatomy that facilitates comfortable occlusion and articulation. 

Research with respect to CAD/CAM crowns in the past has been mainly focussed on the 

precision of fit of the restorations and not so much on their anatomic properties.12-15 Ideal 

individual crown morphology is difficult to design because it requires modeling the relation 

between a crown and its antagonist during oral (para)function. Some sort of virtual articulator 

is required. Most CAD/CAM systems, among which the Cerec system (Sirona AG, Bensheim, 

Germany) produce restorations of accurate fit but require that final anatomical shaping is 

performed intra-orally16. With the CYRTINA CAD/CAM technique (Computer Integrated 

Ceramic Reconstruction) developed at the Academic Center of Dentistry in Amsterdam, The 

Netherlands, however it is possible to quantify the interfering portion of the occlusal form 

during the design process. The protocol then suggests a new occlusal form that eliminates the 

excursive occlusal interferences.17,18 Starting from a generic form of a molar tooth, the 

software modifies the design to prevent posterior occlusal interferences with the resulting 

mandibular movement. The most important settings concern the determinants of these contact 

movements, mostly analyzed in anteroposterior and transverse planes.1,10,17-23 The relative 

influence of these determinants on the contact movements and the linked 2D occlusal design 

of the premolar and molar teeth has been previously investigated.9,15-17 In addition to these 

data, a validation and quantification of the determinants in the 3D perspective is essential for  

clinical comprehension and application. The purpose of this study is to investigate differences 

in the occlusal morphology of the right mandibular molar resulting from high, average and 

low values of settings for determinants of anteroposterior and transverse mandibular 

movement using computer integrated restorative technology with imaging and new 

acquisition (CYRTINA).  



5.3 Material and Methods   

A generic “library” molar, taken from a collection of pre-defined shapes, was used to design a 

crown with a static interocclusal contact (the static crown). Averaged settings of the 

determinants of mandibular movement were used in the CAD/CAM system 17 to adapt this 

crown design in static occlusion (yellow contour in the cross-sectional figures 5.4b-5.6b and 

5.7-5.9) into a design without interocclusal disturbances during mandibular movements with 

averaged settings (the standard crown, purple contour in the figures). The parameters and 

settings used are described in table 5.1.  

SECTION CUSP #2 CUSP #2-1

Sagittal Condylar Path on the Right side, 0 degrees (SCP R 0) + 0.12 0

Sagittal Condylar Path on the Right side, 60 degrees (SCP R 60) - 0.05 0

Sagittal Condylar Path on the Left side, 0 degrees (SCP L 0) 0 - 0.04

Sagittal Condylar Path on the Left side, 60 degrees (SCP L 60) 0 - 0.01

Mandibular Laterotrusion on the Right side, 0 degrees (ML R 0) - 0.05 0

Mandibular Laterotrusion on the Right side, 30 degrees (ML R 30) + 0.13 0

Mandibular Laterotrusion on the Left side, 0 degrees (ML L 0) 0 - 0.16

Mandibular Laterotrusion on the Left side, 30 degrees (ML L 30) 0 + 0.08

Mandibular  Lateral Translation on the Right side  0 mm  (MLT R 0) - 0.31 0

Mandibular Lateral Translation on the Right side, 1 mm (MLT R 1) + 0.28 - 0.05

Mandibular Lateral Translation on the Left side, 0 mm (MLT L 0) 0 - 0.18

Mandibular Lateral Translation on the Left side, 1 mm (MLT L 1) 0 + 0.21

Incical Guide Angle, 0 degrees (IGA 0) + 0.07 + 0.07

Incisal Guide Angle, 60 degrees (IGA 60) - 0.03 - 0.11

Sagittal Intercuspal Contact Area,  0 mm (SICA 0) 0 0

Sagittal Intercuspal Contact Area, 1.2 mm (SICA 1.2) 0 0

Lateral Intercuspal Contact Area, 0 mm (LICA 0) 0 0

Lateral Intercuspal Contact Area, 0.6 mm (LICA 0.6) 0 0

Table 5.1: High and low settings of 6 parameters of mandibular movement. Maximal 
differences between the contour of the standard crown and the dynamic crown as a result 
of high / low parameter settings at sections through cusp #2 and cusp # 2-1. The plus (+) 
value designs need correction in order to avoid occlusal interference during mandibular 
movements. 



It was assumed that anteroposterior mandibular movements are primarily influenced by the 

sagittal condylar path angle, the incisal guide angle and the sagittal intercuspal contact area. 

For the standard crown, these parameters were set at 30, 30 degrees and 0.6 mm, respectively. 

The corresponding high and low setting values (so called extreme settings) were 60, 60 

degrees and 1.2 mm and 0, 0 degrees and 0 mm respectively. Mandibular laterotrusion, 

mandibular lateral translation and the lateral intercuspal contact area were considered prime 

determinants of transverse direction of mandibular movement. For the standard crown these 

settings were set at 15 degrees, 0.5 and 0.3 mm respectively. The high and low limit values 

for these parameters were set at 30 degrees, 1 and 0.6 mm and 0 degrees, 0 and 0 mm, 

respectively. 

Figure 5.1a: Perspective of the static 
crown. No dynamic correction was 
performed. 

Figure 5.1b: The grid figure is the 
mandibular molar and is positioned upside 
down. Antagonistic contacts are indicated 
is blue spots. The cusps are numbered from 
C1 to C5 clockwise, starting from the 
mesiobuccal cusp. In the figures the 
disrupted areas in the second upper molar 
represent the region not involved in the 
scanning procedure. 

When these high and low limit values are introduced, the CAD/CAM program subsequently 

adapts the crown morphology in order to avoid interocclusal interferences: the dynamic 

crown. The morphology of this dynamic crown was compared to that of the standard crown 

design (Fig’s 5.1-5.3). Two series with different buccolingual (Fig’s 5.4, 5.5) and one series 



of mesiodistal sectioned occlusal designs (Fig. 5.6) were compared. Each series included 18 

occlusal designs. In the figures, the disrupted occlusal areas in the second upper molar 

represents the region not involved in the scanning procedure. Only the first mandibular molar 

and its antagonistic functional area are represented. The extent to which reshaping of the static 

crown was needed to avoid interference during contact movements in the dynamic designs is 

expressed as a correction value in that plane section. This parameter was defined as the 

maximal difference (in mm) of the contours of the affected tooth designs, measured in that 

plane in the vertical direction (Z-axis). These maximal differences between crown designs 

from high / low parameter settings and the standard crown design are given in table 5.1. 

The interocclusal differences of the designs were also characterized by the frequency 

distributions of the 5.0 μm interocclusal intervals. The distribution indicated as distances to 

the occlusal surface of the molar design is calculated as well (Fig. 5.10). This method used to 

differentiate between crown design was published earlier.18 

Figure 5.2a: Perspective of the standard 
crown. The morphology of the static crown 
was adapted as a result of dynamic 
correction, using average settings for the 
determinants of mandibular movement. 

Figure 5.2: Necessary adjustments are 
made in light and dark blue areas. 



Figure 5.3a: Perspective of the dynamic 
crown with setting of the 
mandibularlaeterotrusion of 1.0 mm. The 
morphology of the static crown was 
adapted as a result of dynamic correction, 
using one of the high / low settings for the 
determinants for mandibular movement. In 
this case mandibular laterotrusion on the 
right side of 1.0 mm has been used. 

Figure 5.3b: Necessary adjustments are 
made in light and dark blue areas. 

5.4 Results 

Buccolingual plane sections through cusp #2 and #4 (Fig’s 5.4a and 5.5a) appeared to have 

the same characteristics. Therefore only results for plane sections through cusp #2 are 

presented. The maximal differences of the occlusal contour between suggested crown designs, 

based on the high and low parameter settings and the standard designs are listed in table 

5.1.The differences given as plus (+) values indicate the settings for which correction of the 

standard crown was needed  to avoid occlusal interference. No correction of the standard 

crown was needed for the 0 and negative (–) values.The distobuccal and mesiobuccal regions 

of the occlusal surface needed most adjustments. This can be seen in the Fig’s 5.2 and 5.3 vs

Fig. 5.1, especially in the grid figures the blue areas indicate the corrected surface. Most 

correction was needed for the dynamic crown designs with settings ordered consecutively: 

mandibular lateral translation on the right side, 1 mm (MLT R1); mandibular lateral 

translation on the left side, 1 mm (MLT L1); mandibular laterotrusion on the right side, 30 



degrees (ML R 30); the sagittal condylar path inclination on the right side, 0 degree (SCP R 0) 

and the incisal guide angle, 0 degree (IGA 0).

Figure 5.4a: Indication of the orientation of 
the buccolingual section through cusp #2. 

Figure 5.4b: Buccolingual section through 
cusp #2. The outline of the antagonist (dark 
blue line), the static crown (yellow line) and 
standard crown (pink line) are shown. The 
correction value in mm represents the 
extend in wich reshaping of the related 
crown in that plane section is needed. 

Figure 5.5a: Indication of the orientation of 
the buccolingual section through the disto 
lingual cusp C4. 

  



Figure 5.5b: Buccolingual section 
through cusp #4. The outline of the 
antagonist (dark blue line), the static 
crown (yellow line) and standard crown 
(pink line) are shown. The calculated 
maximal corrected areas in both 
sections of figs 4 and 5  were the same. 

   

Figure 5.6a: Indication of the 
orientation of the mesiodistal section 
through cusp #2-1. 

Figure 5.6b: Buccolingual section 
through cusp #2-1. The outline of the 
antagonist (dark blue line), the static 
crown (yellow line) and standard crown 
(purple line) are shown. 

  



Figure 5.7:  Buccolingual section 
through cusp #2. The mandibular 
laterotrusion on the right side was set to 
1 mm (MLT R 1 design, high value 
setting). The outline of the antagonist 
(dark blue line), the static crown 
(yellow line), standard crown (purple 
line) and the dynamic crown (light blue 
line) are shown. 

Figure 5.8: Buccolingual section 
through cusp #2. The Incisal Guide 
Angle was set to 0 degrees (IGA 0 
design, low value setting). The outline 
of the antagonist (dark blue line), the 
static crown (yellow line), standard 
crown (purple line) and the dynamic 
crown (light blue line) are shown. 

Figure 5.9: Mesiolingual section 
through cusp #2-1. The mandibular 
laterotrusion on the left side was set to 
1 mm (MLT L 1 design, high value 
setting). The outline of the antagonist 
(dark blue line), the static crown 
(yellow line), standard crown (purple 
line) and the dynamic crown (light blue 
line) are shown. 

An example of the buccolingual sections of the “sagittal” setting conditions (MLT R 1 and 

IGA 0), which needed most correction in the static and standard crown design is presented in 

Fig.’ s 5.7 and 5.8. The correction in the mesiodistal section using the MLT L 1 setting is 

shown in Fig. 5.9. The differences in buccolingual plane sections between the designs with 



the selected high and low setting values for MLT R ( 0 and 1 mm) and IGA (0 and 60 

degrees) can be seen in the lingual slope of the mandibular buccal molar cusp #2 (Fig.’s 5.7 

and 5.8). Most correction was needed for MLT R 1. In the mesiodistal section, through cusp 

#2-1, the difference between the high and low setting values for the MLT L configuration can 

be seen in the distal slopes of cusps #2 and #1 (Fig. 5.9). Crown morphology, obtained after 

adaptation for the MLT R 1 setting value (Fig 3a) was compared with the standard (Fig. 5.2a) 

and static (Fig 5.1a) crown design. The design made with the MLT R 1 setting values showed 

some indentation of the triangular ridge of the buccal cusps, but differences with the standard 

crown were minor. Correction for the MLT R 1 design was needed near the buccal cusps #1 

and #2 (Fig. 5.9), in the area with maximal interocclusal distances shown in blue. 

Measurement of the distribution of the 50 μm-interocclusal intervals revealed the greatest 

difference between the dynamic adapted MLT R 1 design and the standard design (with MLT  

R  0.5) to occur near occlusion (Fig. 5.10). Within 0.1 mm from the antagonistic occlusal 

surface, the frequency of 50-μm intervals decreased by 4 intervals after correction; however, 

within 0.4 mm the relative difference in intervals hardly decreased (MLT R 1, 139; standard 

design, 143). 

Figure 5.10a: The standard crown setting and fig 10b, the setting for the mandibular 
laterotrusion of 1.0 mm. To compare differences of the interocclusal contacts near 
occlusion for mandibular laterotrusion on the right side (MLR 1 design) the frequency of 
50-μμμμm interocclusal distance was determined in range from 0 (contact with crown surface) 
to 0.1 and 0.4 mm. Within 0.1 mm frequency of interocclusal distances for MLR 1 design 
decreased by only 4 distances as compared to standard design (Fig. 5.10A). Within 0.4 mm 
the relative difference in intervals hardly decreased. The MLR 1 crown design, which was 
adapted to function under dynamic conditions, hardly changed functional contact situation.



Figure 5.10b: The setting for the mandibular laterotrusion of 1.0 mm 

5.5 Discussion 

The gliding contact movements5-7 of opposing tooth have been studied comprehensively and 

were simulated in different articulators settings obtained from registrations or default values 

for the determinants of mandibular movement. 7,8,10 Dental restorations that are produced by 

CAD/CAM techniques should be designed in a way that when they are used in clinical 

applications, they require only minor adaptation. They should not interfere during mandibular 

contact movements. Anteroposterior movements are mainly influenced by the sagittal 

condylar path, incisal guide angle and intercuspal contact area (long centric), whereas 

transverse movements are mainly influenced by the mandibular laterotrusion, lateral 

translation and intercuspal contact area (wide centric).5  

The relative influence of each of these determinants and the impact of high and low setting 

values for each of these determinants on the outer occlusal boundaries of crown designs was 

examined to determine which factor would influence 3D design more than other factors. As in 

other studies,17,18 various input parameters for the determinants of mandibular movement 

were implemented in the software of the system to simulate the dynamic interocclusal contact 

position used in CAD/CAM crown design. Other CAD/CAM systems have been directed to 

manipulate the occlusal surface for a minimum of occlusal interferences interactively by the 

operator on the screen. Then the surface is corrected to prevent intrusion by the antagonist in 

its occlusal surface. The described technique is preferred because the final occlusal 



morphology created by virtual articulation allows harmonious anatomical characteristics 

without hardly any correction. 

A correction value, as the difference (in mm) in the vertical direction ( Z-axis) of the contours 

of the related tooth designs was used to analyze the interocclusal sections. This technique was 

used to quantify the expression of the virtual occlusal surface corrections, which are otherwise 

difficult to verify by observation.18

Most correction was needed in the buccolingual section for the MLT R 1 design and in the 

mesiodistal section for the MLT L 1 design. This finding is in accordance with results of 

Romerowski8, Schulte10, Lucia20 and Lundeen21, showing that the MLT is an important 

parameter determining mandibular contact movements. Increasing the immediate side shift 

caused a dramatic flattening of the lateral movement pathways and could introduce 

articulation disturbances on the non working side: “collision of molar cusps during 

movements”.21Thus when using CAD/CAM crown designs, it may be advisable to preset the 

MLT value to a high limit value such as 1 to prevent articulation problems, without disturbing 

the essential crown morphology and saving central stops.  

The accuracy of a CAD/CAM crown12-15 depends on accumulated deviations: the precision 

and reproducabilty of the scan-design-manufactoring process. In the digital surface 

acquisition phase most scanners have an accuracy in the range of 10-50 ( average around 25) 

micrometers. The accuracy of the manufactoring process of a restoration depends on many 

factors and will be in the same range as for scanning. Interocclusal contacts in this study were 

therefore defined as 50 micrometer intervals. 

he developed computer software can be used to detect changes which occur near the 

buccolingual transverse ridge and which are not easily detected in the 2D pictures of 3D 

morphology18 (Fig’s 5.1, 5.2, 5.3). Other CAD/CAM systems16 also make use of a software 

program defining interocclusal contacts, but don’t have an integrated virtual articulator with 

multiple mandibular settings that will give quantitative information on virtual occlusal 

corrections. The spatial distribution and frequency of contacts offer a tool to detect these 

differencesobjectively. In particular, the interocclusal distance calculated in the system for 

each of the 5.0 μm points of the occlusal grid designs (Fig.’s. 5.1b, 5.2b and 5.3b), related to 

differences in buccolingual and mesiodistal sections and of the perspective crown designs can 

be judged more easily after quantification using computer software that enables quantification 

of the interocclusal situation. For the interocclusal analysis also the quantification of the 

frequency of interocclusal distances (Fig. 5.10) may be helpful.  

  



5.6 Conclusions 

For crown designs without occlusal disturbances during excursive mandibular movements, 

values for determinants of mandibular movement must be considered. The results of this 

study indicate that mandibular lateral translation parameters influence dynamic occlusal 

morphology more than other variables do. Especially these translation parameters should be 

considered in occlusal designs to avoid occlusal disturbances. When developing a crown 

without the use of software that can suggest individual crown morphology to prevent occlusal 

disturbances during mandibular movements, it is advisable to select a high setting value for 

the mandibular lateral translation. 
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