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D igitisation has arrived in leading-edge dental 
practices and large dental laboratories. While 
intraoral scanners are becoming increasingly 
popular in fabricating crowns and veneers, 
they are expensive and only about 15 percent 

of dentists have them. However, in the lateral and posterior 

tooth regions, the accuracy of these scans is quite limited. 
Furthermore, when a cast of several teeth is required, such 
as for bridges or aligners, creating a plaster cast from a 
classic dental impression is still hailed as the most precise 
method. While reasonably accurate, this process is very 
time-consuming.



Thanks to automation using X-ray Computed Tomography (CT), 
dentists can save considerable time without compromising 
the quality that consumers expect. VGSTUDIO MAX brings 
significant time savings by incorporating a powerful 
connected workflow, from the precise reconstruction of three-
dimensional volume data sets using the images taken by the 
CT scanner to visualisation (in 3D and 2D) and the creation of 
impressive animations. VGSTUDIO MAX, coupled with CT scan 
technology, enables visual quality inspection in industrial 
applications and the visualisation of data in fields of academic 
research such as archaeology, geology, and life sciences.

Traditional method of creating dentition

Dental impressions are typically used to create an accurate 
dentition replica – a so-called “physical twin” of the patient’s 
teeth. They are used to plan dental interventions, whether 
for safety and prevention - such as mouth guards for contact 
sports - or more serious dental procedures, such as correcting 
malocclusions, restorations, and prosthetics. Their high precision 
makes them the choice method for dental professionals.

This classic method involves injecting a fast-curing polyester 
into a horseshoe-shaped tray that comfortably fits into the 
mouth. The tray is moulded to match the top or bottom teeth. 

This creates negative space for the patient’s teeth, from which 
a “positive” is formed using a special plaster.

The positive is then optically scanned, and the point cloud 
is converted to a STereoLithography (STL) file for further 
processing. This is a time-consuming and roundabout process 
since it essentially uses a positive (the patient’s teeth) to 
create a negative and then create a positive again to scan. 

Figure 1: Classic dental impressions.

Figure 2: The classic method of creating an STL file of teeth.

Figure 3: Using CT scanning to capture the negative impression, a digital mesh of the impression is created for processing in the lab. This creates the digital 
twin (surface model) of the detention eliminating the physical plaster positive. 



Finding a better way forward

Technology can provide a faster, more efficient workflow. 
VGSTUDIO MAX & CT can save time and eliminate the need for 
plaster positives by working with the negative impression, thereby 
creating a “digital twin” of the dentition. VGSTUDIO MAX is well 
suited for determining the surface of a scan and creating a mesh 
from it. The real challenge lies elsewhere. 

First, there is a wide variety of impression materials, shapes, 
and trays; in scanning conditions; and CT systems in use in the 
dental industry. The type of dental impression (such as full vs 
half, or single vs double-sided) changes the requirements and 
must be considered.

Secondly, laboratories are limited to a maximum mesh file 
size of 10 MB, corresponding to roughly 200,000 triangles. 
While this is insufficient to provide the necessary details 
of the full dentition, this limit enables data collection to be 
performed on simple, standard hardware. It also keeps the 
data storage footprint at reasonable levels for 24-hour-a-day 
data collection. 

Thirdly, a large laboratory using CT can achieve a scan cycle 
of 15 seconds, which means up to four scanned impressions 
per minute. This cycle time needs to be attained in further STL 
creation. In short, to increase efficiency, we will require a robust, 
faster method with higher precision and smaller file sizes.

Meeting the challenge

After scanning, the challenge is to determine the surface 
of the patient’s teeth and remove all irrelevant, memory-
consuming, superfluous data points. Then, we need to create a 
clean STL for dentists and dental surgeons to study, diagnose, 
prevent, manage, and treat the patient’s malocclusion, disease 
or disorder and plan treatment.

Managing the 15-second time constraints is the most 
significant challenge. Our Technical Consulting Team has 
assisted and guided some CT system manufacturers on behalf 
of dental laboratories on how to produce scans of sufficient 
quality in this short time. This was done by choosing suited 
X-ray components (tube and detectors), geometrical layout, 
and scanning parameters.

Figure 4: The initial data set in VGSTUDIO MAX after CT scanning.



After achieving the CT scans, segmenting the data in these 
massive data sets is a crucial step in the laboratory’s 
workflow. Data sets are separated into sub-regions (Regions 
of Interest - ROI) that may consist of different components 
and materials using manual selection, drawing tools, and 
even semi-automated tools. Here, the massive cloud of scan 
data must be separated based on upper (maxillary) and lower 
(mandibular) teeth.

First, we import ROI templates with two rectangular 
ROIs, while conveniently storing position information 
during export, making it easier to split the scan into 
upper and lower objects. We then perform a quick surface 
determination on the extracted ROIs and fit each object 
with the reference STL of the horseshoe and use best-fit 
registration to align the meshes.

The overarching idea is to create an ROI that encompasses 
only the relevant part of the entire dental impression — 
which is the area of the teeth only, without the gum and 
without unnecessary fragments, such as “overhang” and the 
horseshoe itself. A measurement template is loaded with 
freeform surfaces, projecting them from all directions onto 
the outer surfaces we want to remove. By importing a freeform 
surface template, we are essentially unleashing a wave of fit 
points that will automatically latch onto the actual surface of 
the horseshoe.

All the pieces together form a new, fractional surface, which 
we can peel away from our dentition surface. We can create 
an ROI from the freeform surface and subtract it from the ROI 
of the surface determination we had performed previously. 
This leaves us with imprint data from which we can create the 
mesh. Teeth, gums, and just a tiny overhang around it remain. 
Finally, we can convert that to a surface mesh and export 
it as a super high-quality STL file which also meets the size 
restrictions mentioned before.

We can automate this procedure using macros created in 
VGSTUDIO MAX (without opening the software) and let them 
run on VGinLINE. With the scanner connected, the analysis 
workflow initiates, and the macros trigger automatically, 
making the scan ready to be analysed. Based on the analysis 
outcomes, VGinLINE’s intelligence will ‘choose’ the most 
suitable macro or discard the part entirely if it does not 
meet requirements. It has the advantage of having multiple 
instances or ‘workers’ running for the same project. 

In short, VGinLINE performs fully automatically and makes 
decisions based on the quality of the part. The system is fully 
scalable to meet cycle times and can also automate the STL 
extraction job.

Dentists and dental surgeons use digital replica dentitions to 
determine treatment plans and, in the case of malocclusion, 
generate different stages of alignment via 3D printing to 

achieve a corrected tooth position. Creating a virtual twin 
(digital representation) based on 3D-CT eliminates a chunk of 
unnecessary, time-consuming steps, such as the plaster mould.

With the high precision STL file in place, dental laboratory 
technicians can use special medical software to create 
treatment plans and plan tooth corrections using aligners, 
crowns, bridges, veneers, and implants. In some cases, 
they might also create new meshes for the parts, and 
processing these parts can also be automated. With WORKNC 
DENTAL (workncdental.com), Hexagon’s specialised CAM 
solution for the industry, the new STL files are used to print 
aligners or drill crowns automatically. WORKNC DENTAL 
AUTO then creates and prepares a cutting project based on 
the metadata and, with utmost precision, defines a path for 
optimised cutting.

The right tools can help substantially cut down on the 
machining time for dental prosthetics, thereby ensuring 
quicker relief for patients and significant time savings for 
dental workers. 

Figure 5: Defining the Region of Interest (ROI) from the free-form surfaces.

Figure 6: Cleaned meshes ready for STL export.


