
Lecture 7: Digital 
Impressions

By Dr Cheryl Fu 
Acknowledgements to Dr Nedelcu and Dr Matsubara for slides

1



Learning Objectives 

• Methods of digitalization
• Benefits and disadvantages of intra-oral scanners
• What is accuracy?
• Clinical Protocols
• Different scanners: intra-oral vs extra-oral

No compulsory readings
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Digital Impression
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Impression

Aim of impression: produce a dimensionally stable “negative”

 Mould for an analogue model

 Scanned with CAD/CAM model
Milled Model 3D Printed Model

Used not just for crowns. Have been increasingly used for other specialties. Including 
edentulous arches and orthodontic treatment. 
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Workflow
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Benefits Vs Disadvantages

Advantages
• Workflow improvements
• Patient acceptance (gag 

reflex)
• Time benefits 
• Financial advantages
• Communication
• Record keeping/storage

Disadvantages 
• New skills
• Digital 

confidence/mindset
• Initial costs
• Accuracy

Workflow: Tray selections + disinfection etc all need time. Additionally, the created 
digital impression is already a positive record (not a negative records like impression 
that needs to be poured up)l. 
Some manufacturers claim that you can achieve a full arch impression in less than 60 
seconds with extensive experience!

Record keeping. Many new scanners allow previous scans to be stored and compared 
against new scans. Poentially useful for patient education and monitoring changes, for 
example wear or erosion of teeth. 
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Table
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Record keeping
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Time

9



Time
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Time
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Extra-oral scanners vs Intra-oral scanners

Extra-oral scanners
• Scans conventional 

impression or casts

Intra-oral scanners
• Direct scan of the oral 

structures

Pinhole from confocal microscope works to reduce scattered unfocused light to 
increase accuracy 
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Extra-oral scanners

Extra-oral scanners
• Structured light scanners project a grid or other parallel scan 

pattern on the scan object. The distortions of the scan patterns 
are captured by the camera and processed by the software 
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Extra-oral vs Intra-oral scanners

Definitive restorations which were made based on intraoral digital impressions 
demonstrated significantly smaller marginal openings (from 86.09 μm ± 61.46 μm to 
88.95 μm ± 54.46 μm) than those which were fabricated based on laboratory scanning 
procedures (143.29 μm ± 100.71 μm)

Others found no difference

Which one is better? Mixed literature. 

Lab based scanners are scanning a cast (which is not the original site). Impression 
99% accurate. Then you pour up or scan the impression. Compounding errors. Extra-
orla scanners still allow recrods keeping. Allow CADCAM technqiues on supplied 
physical models. 
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Intra-oral scanners

1. Triangulation
2. Confocal
3. Active wavefront sampling
4. Sterophotogrammetry
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Intra-oral scanners: Triangulation

Triangulation. Triangulation is based on a principle that the position of a point of 
a triangle (the object) can be calculated knowing the positions and angles of two 
points of view (Figure 3(a)). These two points of view may be produced by two 
detectors, a single detector using a prism, or captured at two different points in 
time

Idea is that we can figure out the exact position of an object if we know the relative 
angle and distance from 2 different points. However noise, lens distoration can lead to 
inaccuracies. If there is an error, this could get carried forward to other calcuations
Used by sirona omnicam scanners 
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Intra-oral scanners: Confocal

Confocal. Confocal imaging is a technique based on acquisition of focused and 
defocused images from selected depths (Figure 3(b)). This technology can 
detect the sharpness area of the image to infer distance to the object that is 
correlated to the focal length of the lens. A tooth can then be reconstructed by 
successive images taken at different focuses and aperture values and from 
different angles around the object. The sharpness area is directly related to the 
dexterity of the operator who can generate motion blur and this technique also 
requires large optics that may lead to difficulties in clinical practice. 

Eliminates abberant beams via pin hole. 
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Intra-oral scanners

1. Triangulation
2. Confocal
3. Active wavefront sampling
4. Sterophotogrammetry

Active Wavefront Sampling (AWS) – Active wavefront sampling refers to getting 
3D information from a single lens imaging system by measuring depth based on 
the defocus of the primary optical system. Three sensors capture the clinical 
situation from different perspectives. With these three images captured 
simultaneously, 3D surface patches are generated in real time by means of 
proprietary image processing algorithms using the in-focus and out-of-focus 
information. Used by Lava chairside Oral scanner. 

Stereophotogrammetry. Stereophotogrammetry estimates all coordinates (x, y, 
and z) only through an algorithmic analysis of images.. As this approach relies 
on passive light projection and software rather than
active projection and hardware, the camera is relatively small, its handling is 
easier, and its production is cheaper.
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Intra-oral scanners

• Relatively obsolete technique 
of coating the intra-oral 
surfaces with an anti-reflective 
powder such as titanium 
dioxide 

As mentioned in earlier slides, the light is an important feature of how the 
scanners capture information. Which is why impotant to not use overhead light. 
Additionally, saliva etc may reflect unwanted light. The earlier generations of 
IOSs required some opaquers in the form of sprays or powders for accurate 
recording, which have inherent disadvantages, including patient discomfort, 
time consumption, and technique sensitivity
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Accuracy?

20



Accuracy 

According to the International 
Organization for Standardization (ISO) 
5725-1:
• The term trueness refers to the 

closeness between the arithmetic 
mean of a big number of test results 
and the true or accepted reference 
value.

• Precision is another term which is 
used widely for optical impressions. 
This term refers to how close several 
measurements of the same quantity 
are close to each other.

• accuracy refers to the combination 
of trueness and precision
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Accuracy 

Psychology
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IOS accuracy 

“It is vital that IOS has an equally or higher accuracy and precision than conventional impressions. 3M and TRIOS had a higher 
accuracy than OMNI. IMPR overlapped both groups. However, the deviations are within a similar magnitude for arches up to ten 
units.” – Accuracy and precision of 3 intraoral scanners and accuracy of conventional impressions: A novel in vivo analysis method 
(Nedelcu et. al., 2018)
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Accuracy 

• Precision: assessed with 
multiple scans of the same 
object.

• Trueness assess with a 
reference scanner

Reference scanner needed to digitalise info

24



Accuracy

Reference Scanner

Images by Dr Nedelcu

So we know that some scanners may be better than other scanners.

Creation of a mesh network

360p vs 1080p vs 4k

As the number of geometric entities (triangels) increase, so does the accuracy 

Reference scanner has a LARGE amount of triangles

Look at OMNI vs trios vs reference scanner
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Accuracy

Images by Dr Nedelcu
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Accuracy

Images by Dr Nedelcu

Refelected in the finish line. Margins are very important. When we evaluate physical 
impressions we need to ensure we can see the finish line. 
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Accuracy

Images by Dr Nedelcu

Low resolution 
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Accuracy

Images by Dr Nedelcu
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Finish Line 

Images by Dr Nedelcu

Summary of the paper that previous slides were taken from. 
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Newer study

31



Trios scanners
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ATOS Core

• Industrial scanner (Not an intra-oral 
scanner)

• Can be accurate to 1um 
• Often used as a “reference” 
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Digital scanners: Trios 

Scan protocol:
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Digital scanners: Trios 

Scan protocol:
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Scan Pattern

Trios scan patterns all achieve similar results. 
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Digital vs Conventional Impressions

• Efficiency of digital vs conventional impressions:
• Digital (248.48 ± 23.48 s) and conventional 

(605.38 ± 23.66 s)
• But when completing a full arch impression, 

conventional impressions more accurate
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Digital vs Conventional Impressions

Other studies have reached similar conclusions
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Questions?

Most important: How to use intra-oral scanners. What are 
good traits of intra-oral scanners?
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