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ABSTRACT  

Numerically controlled modern CAD-CAM milling machines tools dedicated to dental technology are kinematic 

structures that work in 4 or 5 axes and represent one of the key links of CAD-CAM technology flow. The 4-axis 

and 5-axis machines allow for superior quality of the milling surface integrity by controlling both the inclination 

of the feed angle and the direction of the milling guide on which depends the contact surface between the cutting 

tool and the workpiece. The milling tools are available for both dental offices and dental laboratories as well as 

for industrial dental laboratories. The CAD-CAM milling machines provide superior results to conventional 

methods in terms of mechanical strength in mastication and aesthetics of dental prostheses. 
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INTRODUCTION 
The digital technology is progressively 

compeling in the dental office practice and 

dental laboratories as a technology of the 

future [1-4]. Contemporary technological 

flow of prosthetic works by CAD-CAM 

procedures relies on the principles expressed 

and applied in practice since the 1970s by 

François Duret [5,6]. The way of obtaining 

various prosthetic components such as 

crowns, inlays, onlays, fixed partial 

dentures, veneers, implant abutments is only 

a minor projection of these widely used 

processes in the modern industry of 

precision mechanics, automobiles, aviation, 

military technique, shipbuilding, a.s.o. [7,8]. 

It was found that using CAD-CAM 

procedures the results of design and 

manufacture of the prosthetic pieces are 

superior to conventional methods in terms of 

mechanical resistance during mastication 

and esthetics. Moreover the new dental 

biomaterials and their delivery form 

dedicated to the processing in the dental 

laboratory are additional contributing factors 

[7-10]. 

Numerically controlled milling machines 

used for manufacturing of dental prostheses 

are one of the key links of CAD-CAM 

technology flow. Presently they are available 

on the market to operating in dental offices 

(chairside solution), dental laboratories 

(labside solution) or industrial milling 

centres of dental prostheses [11,12]. 

 

NUMERICALLY CONTROLLED 

MILLING MACHINES 

The milling process is performed with 

dedicated numerical control machines 

operating under the control of a computer 

that directs the feed and cutting movements 

of the processed prosthetic material as well 

as the auxiliary functions [7, 8, 12]. 
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In accordance with ISO 841 and ISO 

2806 standards the milling machines are 

capable of guiding the processing tool of 

prosthetic material by tracking the axes of 

the space coordinate system X, Y, and Z or 

in rotary mode, where the rotary axes A, B, 

and C are disposed around the 

aforementioned linear axes. The direction of 

the X axis is usually horizontal, depending 

on the spatial position of main spindle of the 

milling machine. The Z axis is parallel to the 

main spindle axis of the milling machine. 

The Y axis is perpendicular to the X and Z 

axes [8,12]. 

The ISO 841 specification also stipulates 

the designations of the secondary or tertiary 

linear movements, parallel or non-parallel to 

the primary axes X, Y and Z, as well as the 

secondary rotational movements that may be 

parallel or composite with the main axes of 

rotation A, B and C. The primary linear 

movements run in the proximity of main 

spindle axis of the milling machine, the 

secondary ones in a more distant plan, 

whereas the tertiary linear movements are 

operating in the most peripheral milling 

plane [8,12]. 

Numerically controlled numerical 

machines tools dedicated to CAD-CAM 

processing of dental prostheses are 

kinematic structures that operate in 4 or 5 

axes. The 4-axis milling machines use 3 

translational movements on the X, Y and Z 

axes and a rotating motion on the A axis. In 

5-axis milling machines, a second rotary 

motion is added along the B axis. Practically 

only 3 axes are used continuously [12]. 

The milling process of dental prostheses 

retentions on laboratory machines tools 

(labside) is possible thanks to their ability to 

operate in 4 or 5 axes. Note that 4-axis 

milling machines can approach the 

retentions only in the YZ plane given by the 

rotation axis A while the 5-axes, besides the 

YZ plane given by the rotation axis A, 

perform the retentions processing in the XZ 

plane given by the axis rotation B or any 

other plane given by simultaneous rotation 

on axes A and B, as well [12]. 

The complex geometry of dental 

prostheses and the need to accomplish by 

milling a surface integrity capable to ensure 

their optimal functionality during chewing 

depend on the machine tool kinematic. To 

avoid the formation of roughness and cracks 

in the prosthetis material during milling, its 

contact surface with the cutting tool has to 

correspond to the geometric shape of the 

prosthetic piece [8, 13-15]. 

It was concluded that the correlation of 

the cutting speed, which is directly related to 

the distance between the milling axis of the 

milling tool, and tool contact area with the 

machined material as well as the local torque 

forces, are crucial to achieving optimal 

results [12-15]. 

By evaluating the milling parameters it 

appears that one of the main deficiencies of 

the 3-axis milling machines is the lack of 

control concerning the contact point between 

the cutting tool and the prosthetic piece [12]. 

This shortcoming, which reduces the 

physical integrity of the dental prosthesis 

surface is well known in the milling process 

of the metals but not yet sufficiently studied 

for the other dental prosthetic materials 

[8,12,16,17]. 

 Due to simultaneous movements on the 

translation and rotation axes the 4-axis and 

5-axis machines, unlike 3-axis milling 

machines, allow a superior quality of the 

milling surface integrity by controlling both 

the inclination of the feed angle and the 

guiding direction of the milling tool, since 

these parameters are essential for the contact 

surface between the tool and the dental 

workpiece [12,18-20]. 

In the case of 4-axis milling machines, 

thanks to the rotation axis A, the cutting tool 

is inclined only in the YZ plane, whereas in 

5-axis milling machines, the tilting of this 

tool is made both forward in the feed rate 

direction, the proper tilt angle, and 

perpendicular to it, the lead angle [12]. 

The optimal cutting conditions offered by 

5-axis milling machines are the result of the 

permanent combination of the rotation 

movements of the milling tool in the two 

axes A and B, thus ensuring the quality of 

the physical integrity of the prosthetic piece 
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surface [12]. 

Depending on the embedded technology, 

rotor spindle and milling axes a numerically 

controlled milling machine must provide a 

balance between finished product quality 

and productivity. A shorter milling time can 

be achieved by higher power of main spindle 

of the machine, translated by an increased 

rotational speed but adaptable to the 

processed prosthetic biomaterial, according 

to the relationship: Power (watt) = Torque 

(Nm) x Rotational speed (rad / sec) [12,17]. 

For increased productivity, the rotational 

speed of main spindle of the machine must 

be as high as possible, but only with respect 

to the match between the milling speed and 

the available torque. For these reasons, the 

increase in rotation will reduce the torque 

required for optimal milling of the prosthetic 

workpiece, which depends not only on the 

milling parameters but also on the milled 

dental prosthethic material. A reduced 

torque prolongs the milling time. However, 

it should be remembered that the cutting 

speed depends additionally on the feed rate 

(relative speed between the milling tool and 

the workpiece) [17]. 

On the other hand, the productivity of the 

milling machines also depends on the 

position of the main spindle of the machine 

and the milling axes, because their 

positioning errors can lead to the 

accumulation of chips in the lubricant and 

the implicit blockage of the cooling system. 

In that respect it is preferable to use milling 

machines with main spindle in the upright 

position [12,17]. 

 

PROSTHETIC MATERIALS 

PROCESSED WITH MILLING 

MACHINE TOOLS 

Thanks to numerically controlled milling 

machines a wide range of prosthetic 

materials can be processed for 

manufacturing of crowns, bridges, integral 

anatomical crowns and bridges, inlays, 

onlays, implant abutments, telescopic 

crowns, veneers, occlusal splints, implant 

attachment bars, surgical guiding templates, 

partial mobile prostheses and total 

prostheses as well [11]. 

Among the used prosthetic materials are 

various synthetic resins for casting models, 

milling compatible waxes, PMMA for 

splints and temporary work, transparent 

PMMA, PEEK, zirconium dioxide, 

translucent zirconia, aluminum oxide, 

feldspathic ceramics, hybrid ceramics, 

lithium disilicate glass ceramics, ZLS 

(zirconia arsenic lithium disilicate ceramic), 

leucite armed glass ceramic, zirconium 

dioxide reinforced composites and 

composites, titanium, nanocomposites, 

alloyed steels, non-ferrous alloys, Co-Cr 

sintered alloys, CAD-CAM hybrid ceramic 

blocks, TEMP monochrome, Maxi blocks, 

various materials for pre-fabricated implant 

abutments, nt-Trading pre-fabricated implant 

abutments, Medentika PreFace implant 

abutments, dental materials for master 

models, PU, gypsum, CAD-CAD rolls and 

blocks, Lava, Baltic Denture, IPS e.max 

CAD, IPS e.max ZirCAD, IPS Empress 

CAD, Telio CA D, Colado CAD CoCr4, 

Colado CAD Ti2, Colado CAD Ti5, SR 

Vivodent CAD, Ivo Base CAD, ProArt 

CAD, a.s.o. [11]. 

 

TYPES OF 4-AXIS MILLING 

MACHINE TOOLS FOR DENTAL 

TECHNOLOGY 

Broadly, 4-axis milling machines are 

differentiated by the dry, wet or combined 

milling milieu range of prosthetic 

workpieces, the number of interchangeable 

milling tools, and the replacement manner, 

manual or automatical. 

1. Ceramill Mikro 4X (Amann Girrbach) 

is a 4-axis dry milling machine which 

processes the  supplied CAD data set in open 

STL format through CAM milling program 

Ceramill Match 2. 

It processes the dental prosthetic materials 

such as milling waxes, synthetic resins, 

zirconium dioxide, hybrid ceramics, PEEK 

and sintered Co-Cr alloys. The replacement 

of milling material rolls is done manually 

[11]. 

2. CORITEC 140i (imes-icore) is a fully 

integrated 4-axis milling machine for wet 
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processing of prosthetic workpieces 

provided with 6 types of milling tools and 

filtering system. It uses STL-based CAD 

processing programs and a CAM open 

program for almost all CAM manufacturing 

systems. It can mill prosthetic materials such 

as prefabricated implant abutments, 

zirconium dioxide, aluminum oxide, 

PMMA, synthetic resins, composites, waxes, 

glass ceramics, CAD-CAM blocks of hybrid 

ceramic, Maxi blocks, nt-Trading 

prefabricated implant abutments, Medentika 

PreFace autments. The replacement of 

milling material rolls is done manually [11]. 

3. InLab MC XL (Sirona Dental System) 

is a 4-axis wet milling installation with 

inLab custom CAD interface software and 

the possibility of importing STL data. It 

owns the CAM proprietary CAM program 

inLab CAM, but is also provided with an 

open CAM mode interface. It processes 

materials such as zirconia, PMMA, 

composites, hybrid ceramics, glass ceramics, 

lithium disilicate ceramics, sintered Co-Cr 

alloys. The replacement of burs and 

prosthetic materials is done manually [11]. 

4. SilaMill N4 (Siladent) is a 4-axis 

drilling machine with a cutting angle 

between 190° and -10° using CAD open 

interface software and a custom CAM 

integrated milling program, vhf Cam. It can 

mill blocks of ceramic glass, zirconia, 

composite or titanium using 8 automatic 

burs [11]. 

 

TYPES OF 5-AXIS MILLING 

MACHINE TOOLS FOR DENTAL 

TECHNOLOGY 

Similar to 4-axis milling machines, the 5-

axis milling machines are characterized by 

dry, wet or combined milling, the milling 

range of dental prosthethic materials, the 

number of interchangeable milling tools and 

their way of replacement, manual or 

automatic. 

As compared to the previous generation 

of milling machines, in addition to 

increasing productivity,  the 5-axis milling 

machines have focused on improving the 

existing functions such as: powders 

aspiration of prosthetic materials with almost 

all industrial unit types, by introducing a 

sensor control system connected to a central 

installation and integrated wet filtration 

techniques, protection against chips 

spreading and their removal by lubricant 

used as coolant, hybrid operation 

automatically switched between dry and wet 

milling, insertion of a sensor signaling the 

crack of milling tool, optional automatical 

calibration of the milling tool during 

mechanical processing, insertion of an 

integrated ionizer, the increased number of 

interchangeable milling tools, and the 

optional replacement capacity of dental 

material rolls and blocks, either manually or 

automatically. 

1. inLab MC X5 (Sirona Dental System) ) 

is a 5-axis installation for either dry or wet 

processing with inLab custom CAD software 

that has the import capability for STL data. 

It has its CAM proprietary CAM software 

program inLab CAM and a CAM open 

interface. It can process dental materials 

such as zirconium dioxide, PMMA, wax, 

composite, hybrid ceramics, glass ceramics, 

lithium disilicate ceramics, sintered Co-Cr 

alloys, prefabricated titaniums by automatic 

replacement  of the drilling tools. However 

the replacement of prosthetic materials is 

done manually [11]. 

2. DWX-52DC (DGSHAPE) is a 5-axis 

dry milling installation working by dry 

processing that uses STL-based CAD 

software programs and an open CAM 

program Millbox Power Sum3D for 3rd 

party CAM programs. It manufactures 

zirconium dioxide, waxes, PMMA, 

composites, PEEK, gypsum, sintered Co-Cr, 

using in dry environment 15 types of 

dedicated milling tools [11]. 

3. CORITEC 650i (imes-icore) is a 5-axis 

dry and wet processing milling system that 

covers all dental prosthetic materials and 

indications of prosthetic pieces, using open 

CAD programs in STL format and an open 

CAM milling program, adaptable to various 

processing strategies and dental materials. It 

is capable to process Co-Cr alloys, non-gold 

alloys, titanium alloys, zirconium dioxide, 
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aluminum oxide, PMMA, synthetic resins, 

composites, waxes, glass ceramics, hybrid 

ceramics, CAD-CAM blocks, nt-Trading 

precious stones, Medentika PreFace , Baltic 

Denture, Lava, by using 32 types of milling 

tools and optionally, manual or automatic 

replacement of prosthetic materials [11]. 

4. PrograMill PM7 (Ivoclar Vivadent) is a 

5-axis automatic hybrid switching system 

between dry and wet milling milieu using 

the 3Shape Dental System CAD open 

software and any other CAD software 

working in open system with STL files. It 

works with a CAM program known as 

PrograMill CAM V4. It can process CAD-

CAM rollss and blocks such as IPS e.max 

CAD, IPS e.max ZirCAD, IPS Empress 

CAD, Telio CAD, Colado CAD CoCr4, 

Colado CAD Ti2, Colado CAD Ti5, SR 

Vivodent CAD, Ivo Base CAD, ProArt 

CAD. It is equipped with 20 types of 

automatically changed milling tools and an 

automatic instalation for selected 8-rolls 

pickup or 48 blocks of prosthetic materials 

[11]. 

5. cara Mill Mill 3.5 / cara Mill 3.5L 

(Kulzer) is a 5-axis dry and wet processing 

system based on Dental Designer (3Shape) 

CAD processing program, STL-compatible 

programs belonging to cara CAD milling 

centers, open systems compatible with STL, 

PLY, ASC data sets and CAM milling 

program cara CAM Mill 4 & 5. It is capable 

to process rolls of Wax, PMMA, zirconia, 

ceramics, hybrid ceramics, Co-Cr alloys or 

titanium alloys by using maximum 20 types 

of milling tools, which can be angled up to 

30 ° with respect to the workpiece position. 

It is also equipped with a protective device 

against splinter spreading (chassis Mill 3.5) 

and uses an automatic replacement system of 

milling rolls (cara Mill 3.5L) [11]. 

6. Organical® Desktop 8-S (Metaux 

Precieux Dental) is a 5-axis desktop milling 

system in dry and wet milieu using a CAD 

interface software that accesses the STL data 

sets via USB. The CAM program is open 

and can import any STL data set regardless 

of the CAD program in which it was 

designed. It is also equipped with a LAN 

interface system for coupling to the milling 

tool machine. It can process any rolls of 

prosthetic material with a diameter of 

maximum 120 mm, regardless of its 

hardness, as well as IPS blocks e.max CAD. 

It is more accurate than other milling 

machine tools by its maximum performance 

in reproduction of details because it can 

grave 75 μm diameter grooves. It is 

equipped with a signaling sensor of milling 

tool cracks and has the possibility to 

automatically replace 18 types of milling 

tools [11]. 

7. Datron C5 Linear Scales (Datron AG) 

is a 5-axis installation that uses CAD 

interface  softwares (3Shape, Exocad, 

Dentalwings) and CAM software (DATRON 

CAM, Hyperdent, WorkNC). It can process 

steel alloy, non-ferrous alloys, synthetic 

resins, zirconium dioxide, Co-Cr or titanium 

alloys by using 22 types of interchangeable 

milling tools. It is also equipped with a 

sensor of milling tool break during the 

production of prosthetic pieces and allows 

replacement of 56 rolls of dental materials 

automatically picked up from an external 

storage box [11]. 

8. Zfx ™ Inhouse5x wet & dry (Zfx) is a 

5-axis wet and dry processing system with 

CAD open interface software using STL 

files and HyperDent inkl. Zfx Templates 

CAM milling software for simultaneous 

processing of materials of various 

consistencies (hard, brittle or soft). It can 

process zirconium dioxide-type prosthetic 

materials, Co-Cr, PMMA, Wax, Titanium, 

ZLS (zirconia arsenic lithium silicate 

ceramic), hybrid ceramics, feldspath 

ceramics, glass ceramic enforced leucit, 

lithium disilicate glass, using 28 automatic 

replaced milling tools. It is equipped with a 

crack detection tool [11]. 

 

CONCLUSIONS 

The acqusition of a numerically 

controlled milling machine that works on 

CAD-CAM based principle in order to 

manufacture dental prostheses or prosthetic 

pieces should be primarily aimed at 

achieving superior quality. However, the 
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advanced technology has to be harmoniously 

combined with the financial requirements 

and machine interoperability, taking 

mandatory into account the most asked 

CAD-CAM external softwares presently 

used in the technological flow. 
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