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Introduction 

 
Two-dimensional (2D) imaging technology, such as cephalometric and 

panoramic radiographs and photographs, and plaster models were used routinely in 

dentistry and in orthodontic specifically (Erten & Yılmaz, 2018). 

However, there are some limitations of 2D imaging systems as significant 

amount of radiographic projection error, enlargement, distortion, exposure to 

radiation, weaknesses of landmark identification, inaccurate duplication of 

measurements, significant variation in the position of reference points, such as 

sella turcica, and extreme limitations in assessing soft tissue (Jacobson A, 1995). 

 It is crucial to maintain precise records of treatment progress since a poor 

record might suggest a low degree of orthodontic therapy (Peluso et al., 2004) 

After the introduction of 3D imaging systems, it was possible to evaluate structures 

in real three anatomical dimensions (Erten & Yılmaz, 2018b). 

 Today, using 3 dimensional (3D) digital technologies, 3D models are 

considered as a revolutionary advancement in the orthodontic practice (Akdeniz et 

al., 2022). More recently, facial scanners have found a foothold in the digital 

dental workflow (J. D. Lee et al., 2022) Beside the simplicity of storing and 

transferring, 3D models also opened doors for new diagnosis and treatment options 

such as 3D planning of orthognathic surgery and clear aligner therapy, which are 

considered as the future of orthodontic mechanics (Akdeniz et al., 2022). 

 Digital impressions have brought innovation to impression taking, and have 

partially side lined the conventional methods (alginate and PVS (Polyvinyl 

Siloxane) (G. J. Christensen, 2008). 

However, it still had limitations that might affect the practical work (Ender 

& Mehl, 2013; Güth et al., 2016). 
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Aim of the Study 

 
This study aimed to explore 3D laser scanning in orthodontics. The 

objectives of this study were to demonstrate 

 

- Types of laser scanning in orthodontics. 

- Basic principles. 

- Clinical applications. 

- Advantages and limitations of 3D laser scanning. 
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1 Chapter one: Review of literature:  
1.1 Intraoral scanning  
 

Intra Oral Scanner(IOS) is a medical device used for capturing direct optical 

impressions, composed of a handheld camera (hardware), a computer and a 

software(Richert et al., 2017) The goal of an IOS is to record with precision the 

three-dimensional (3D) geometry of an object by projecting a light source onto the 

object to be scanned (Seo et al., 2017) 

 

1.1.1 Components of IOS 

The Intraoral scanners have 3 major components (Kravitz et al., 2014) (Figure 

1.1): 

• Wireless mobile workstation that support data entry. 

• A computer monitor to enter data, approve scans and review digital files. 

• Handheld camera to collect the scanned data in the patient mouth. 
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Figure 1.1: Components of IOS(Aljabaa, 2021) 

 

Together surface data points, energy from either laser light or white light is 

projected  from the wand onto an object and reflected back to a sensor or camera 

within the wand (Kravitz et al., 2014). 

 

1.1.2 Types of intraoral scanners 

 
1.1.2.1 The 3M True definition scanner: 

 
Accoding to (Aljabaa, 2021) the 3M scanner was firstly produced in 2008 

using an active wavefront sampling technology and the resulting classic scanner 

provided good performance at that time. later this scanner had improved its 

specifications by the company and produced The True definition scanner which 

has the same software/hardware as the original one(Figure 1.2). 
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Figure 1.2: The 3M True definition scanner (Aljabaa, 2021) 

The device is characterized by provides High accuracy. It scan single units 

,multiple unit, long span bridges or full arch. The tip has the same size of the hand 

piece. Requires thin layer of powder to have high accuracy. It doesn’t offer real 

time full colour scan. It has open software.  
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1.1.2.2 CEREC Omnicam by Sirona Dentsply: 

 
        According to Aljabaa(2021) it has strong name in restorative dentistry, it 

applies the triangulation imaging technology. It provides video streaming instead 

of static image where powdering is not required and possibility of full arch 

scan(Figure 1.3). 

 

 

Figure 1.3: CEREC omnicam by sirona Dentsply (Aljabaa, 2021) 

 

1.1.2.3 The planmeca Emerald (PE): 

 
According to (Aljabaa, 2021) it is consist of scanning tip ,cable ,cradle and 

color balancer, it was launched in 2017. Class 2 laser scanning device with 

400-700 nm. It utilises optical triangulation and software algorithm to construct 

3D object, contact free , powder free IOS system(Figure 1.4).  
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Figure 1.4: The planmeca Emerald (Aljabaa, 2021)  

1.1.2.4 The 3 Shape Trios (TR): 

 
       According to (Aljabaa, 2021) it is launched the first edition of TRIOS 3 in 

2010. In the beginning there were a lot of complain in the wand but later the 

company solved it.  By using this scanner, The operator can perform the scanning 

as soon as it is turned on. The scanner wand is downsized and the wand sleeve can 

be sterilised by autoclave. 

The scanning technology is ultrafast optical sectioning(confocal laser principle). 

In 2017, the wireless version was launched offer the flexibility and freedom in use 

to the operator(Figure 1.5). 

 Figure 1.5: The 3 Shape Trios (Aljabaa, 2021)  
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1.1.3 Applications of IOS in Orthodontics 

In orthodontic, IOS can help in: 

1. Digital Indirect bonding (Herrall, 2018)(Figure 1.6): Digital version of 

indirect bonding eliminated the need for complex laboratory and clinical 

processes. There are currently three different ways for digital indirect 

bonding (Akdeniz et al., 2022). The most basic way is 3D printing the 

study models and applying conventional indirect bonding steps which 

were normally applied on plaster models (Akdeniz et al., 2022).  

 

 

 

 

 

 

 

 

 

Figure 1.6: Digital indirect bonding (www.orthopracticeus.com) 

Akdeniz et al(2022) reported second method includes using of software 

individually designed for indirect bonding. Brackets are virtually placed on 

digital models in the software. Some of the programs can apply basic set-up on 

the dental models to show a forecast of possible treatment options. User can 

choose from the 3D data of the brackets which are stored in the software’s own 

library. Digital study models with placed brackets can be 3D printed to fabricate 

the transfer trays from silicone or thermoform materials in the laboratory. Real 

brackets are then placed in the grooves on the transfer tray(Figure 1.7). 

http://www.orthopracticeus.com/
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Figure 1.7: Software individual design for indirect bonding (Nearchos 

C.Panayi et al., 2020). 

According to (L. R. Christensen & Cope, 2018) In the third way the 

users can finish all the above workflow digitally including the design of the 

transfer trays. The trays are 3D printed with a flexible resin and brackets are 

placed in their grooves. Although digital indirect bonding technology is 

promising in decreasing chair time and laboratory steps, there are some 

concerns about high error rate of the system (Ciuffolo et al., 2006).  

2. Digitally fabricate orthodontic appliances (Harrel, 2018): High precision 

3D printing technology is being used to produce variable orthodontic 

appliances like retainers, removable appliances and occlusal splints 

(Hazeveld et al., 2014)(Figure 1.8). 
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                      A                                                   B 
 

Figure 1.8: A) Retainer made with digital impression, B) Upper and lower 

digital impressions (www.orthodonticproductsonline.com).  

 

3. Facilitate orthodontic diagnosis and treatment planning, offering easy and 

fast electronic transfer of data, immediate access, and reduced storage 

space requirements (Rheude et al., 2005). 

4. They provide the orthodontist with numerous applications, such as 

measurements of arch width and length, tooth size, transverse 

dimensions, Bolton discrepancy, overjet, and overbite, which are 

obtained with a remarkable accuracy and efficiency (Harrel, 2018). 

5. Create a digital diagnostic set-up, and simulate a proposed treatment plan 

(Fleming et al., 2011). 

6. Clear aligner technology:  Today, one of the most important use of 3D 

printing technology is the production of clear aligners (Akdeniz  et al., 

2022). 

7. Orthognathic surgery simulation and wafer construction (Cousley & Turner, 

2014; Gateno et al., 2007): This made it possible to eliminate most of the time-

consuming conventional model surgery steps including the face bow transfer 

(Akdeniz et al., 2022). (Cousley & Turner, 2014) confirmed that digital 

http://www.orthodonticproductsonline.com/
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surgical planning and wafer production techniques achieved level of accuracy, 

that match the conventional face bow and model surgery. (De Riu et al., 2014) 

reported that digital planning was even more successful than conventional 

planning for the orthognathic correction of facial asymmetry(Figure 1.9). 

 

 

Figure 1.9: Digital surgical splint model (left) and a physical splint fabricated 

via 3D printing (right) (Lee et al., 2021). 

 

 

1.1.4 Advantages of IOS 

There are many advantages of Intra oral scanners over the traditional       

impressions which include:  

1. Time efficiency: Several studies have shown that optical impressions are 

time-efficient, as they enable reduction of the working times when compared 

to conventional impressions (Burhardt et al., 2016; Goracci et al., 2016; 

Yuzbasioglu et al., 2014). 

2. Less patient discomfort: The ability to directly capture all dental arch 

information of the patient, and consequently their 3D models, without using 
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conventional physical impression (Ahlholm et al., 2018; Chochlidakis et 

al., 2016; Ting‐shu & Jian, 2015). 

3. Better communication with the dental technician: With IOS, the clinician 

and the dental technician can assess the quality of the impression in real-

time (Joda & Brägger, 2015; Lee & Gallucci, 2013; Patzelt et al., 2014). 

4. Simplified procedures for the clinician: simplifying impression-making in 

complex cases, for example in the presence of multiple implants or severe 

undercuts (Goracci et al., 2016a; Zimmermann et al., 2015a). 

1.1.5 Basic principles of IOS 

 
1.1.5.1 Triangulation  

 

In this technology, angles and distances are measured from known points 

with projected laser light. Firstly, the distance and angle between the sensor and 

laser source are known.When light projected from the source and reflected of the 

object, then the system determines the angle of reflection and therefore the distance 

from the laser source to the object’s surface according to Pythagorean theorem. It 

is required a thin coating of opaque powder to be applied to the target tissue and an 

example of this is CEREC system (Kravitz et al., 2014; Taneva et al., 

2015)(Figure 1.10). 

 

 

 

 

 

Figure 1.10: Triangulation technology (Groth et al., 2014)  
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1.1.5.2 Parallel confocal 

 

In this technology, the sensor will placed at confocal (in focus) imaging 

plane relative to the target in which a small aperture located in the front of the 

sensor blocks any light from above or below the plane of focus so, only the 

focused light will reflecting of the target and re enter the filter and reach the sensor 

for processing. The accuracy of the scan will optimising because the out of focus 

light(bad data) is eliminated. This technology is depends on a process called 

“point-and-stitch reconstruction“ in which parallel confocal system 

tomographically slices  the object  and then stitch together thousands of slices of 

data to create a complete picture (Groth et al., 2014; Taneva et al., 2015)(Figure 

1.11). 

 

 

Figure 1.11: Parallel confocal technology (Kravitz et al., 2014). 

 

1.1.5.3 Accordion Fringe Interferometry (AFI) 

 
In this technology, we use two sources of light to project three patterns of 

light that called “fringe patterns”. When the fringe pattern hit the object(teeth and 

tissue), it distorts and takes a new pattern according to the unique curvature of the 
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object and this distortion is called “fringe curvature”. A high definition (HD) video 

camera that is offset from the projector by about 30 degree will then   record the 

surface data points of the fringe curvature (Kravitz et al., 2014; Logozzo, Zanetti, 

et al., 2014)(Figure 1.12). 

 

Figure 1.12: Accordion Fringe interferometry technology (Kravitz et al., 2014) 

 

1.1.5.4 Three dimensional in motion video 

 
In this technology, it will use an HD video camera that has three tiny video 

cameras at the lens(Trinocular imaging) to capture three precise views of the tooth. 

Then the distances between two data points are simultaneously calculated from two 

perspectives to determine the 3D data, which captured in a video and sequence in 

real time (Kravitz et al., 2014)(Figure 1.13). 
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Figure 1.13: Three dimensional in motion video technology 

  (Kravitz et al., 2014)  

 

1.1.6 Methods of obtaining digital impressions 

There are two methods of obtaining digital impressions: 

1. Indirect or bench top scans of plaster gypsum models: It involves scanning 

of the casts that obtained by traditional impression techniques (Guth et al., 

2016).It has limitations like dependence on obtaining impression of alginate 

or polyvinyl siloxane to fabricate the cast that will then scanned (Latham, 

2018). 

2. The direct or chair side scans: It is the method which is usually used in the 

clinic. It uses Intra oral scanners by which we can avoid many of the steps 

required to obtain the traditional or indirect one(Guth et al., 2016). 

 
 

1.1.7 Scanning technique 

 
1.1.7.1 Scanning path 

The scanning path is the specific movement that the scanner should be used 

in to get the required accuracy (Zimmermann et al., 2015). Recent studies 
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have shown the influence of the scan path on the accuracy of data captured 

using confocal scanners, both in vitro and in vivo (Müller et al., 2016). The 

clinician should preserving the tooth in the center, smooth movement nd steady 

distance during recording process(Richert et al., 2017). Depending on each 

scanner and technology, the camera should be held in a range of between 5-30 

mm of the scanned surface(Logozzo, Kilpelä, et al., 2014; Logozzo, Zanetti, 

et al., 2014a; Zimmermann et al., 2015b). In some area like during the 

change of axis from posterior to anterior tooth and especially in malposed 

teeth, this maintenance of such path during handling is particularly difficul 

(Richert et al., 2017). Some manufacturers made a guides to make the 

practitioners avoiding this difficulties and keep the surrounding tissues out of 

the camera field(Richert et al., 2017).  

There are different strategies described by manufacturers for IOS technology 

(Richert et al., 2017):  

The first one is by using linear movement on all occlusal-palatal surfaces(Figure 

1.14 on the right)  Another strategy consists of making S sweep on vestibular , 

occlusal and lingual faces of each tooth successively (Figure 1.14 on the lift). 

 

 

 

 

 

                                                                                            

                                        A                                                                     B 

 

Figure 1.14: Scanning bath(Richert et al., 2017) 
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1.1.7.2 Powdering: 

 

The multiple translucent layers of tooth and restorative material will disperse 

light at unpredictable angles so some digital scanners require the application of a 

thin layer of contrast powder coating that also referred to as “dusting” or “accent 

frosting “ over the target tissue. This powder made of opaque mixture of titanium 

dioxide or less commonly zirconium oxide with amorphous silica and aluminium 

hydroxide and will applied to the target tissue by handheld spray dispenser blown 

out in small puffs to deposit a thin layer on the surface to be scanned (Groth et 

al., 2014). The powdering will provide uniform light dispersion and this will 

enhance the scanning accuracy. Even scanning systems that are considered 

powder-free will benefit from powdering especially in regions with poor surface 

anatomy like mandibular incisors and high translucent porcelain fused to metal 

crowns and ceramic brackets(Groth et al., 2014). Powder-based digital impression 

has been previously shown to be very accurate for partial Impressions (Hack & 

Patzelt, 2015; Patzelt et al., 2014). However, powder could be relatively 

uncomfortable for patients, and additional scanning time has been reported when 

powder is contaminated with saliva during impression as this requires cleaning and 

reapplication of powder (Joda & Brägger, 2016). Moreover, concerning full-jaw 

scans, IOS using powder free technologies appears to be recommended due to the 

difficulty to maintain powder coating on all the teeth for the duration of the 

scanning (Zimmermann et al., 2015c). 

 Another strategy to overcome this difficulty employed by some systems is to 

use cameras with a polarising filter(Burgner et al., 2013)(Figure 1.15). 
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 Figure 1.15: Powdering (Groth et al., 2014)  

 

1.1.8 Accuracy of Intraoral scanners 

 
Accuracy of Intraoral scanners is an important factor when deciding on which 

scanner to use in clinical setting (Latham, 2018). Recently, greater accuracy has 

been required for 3D digital models, as they are used not only for diagnosis but 

also for planning treatments and for the fabrication of orthodontic appliances 

(Reuschl et al., 2016). Accuracy consists of trueness and precision (Mangano et 

al., 2017). Trueness or reliability defined as how much the amount of test object or 

data set are deviates from a reference object or data set (Latham, 2018).  

Some authors have found that the more complicated area of scanning (such as 

full arch scan), the more that trueness may be affected. While precision present the 

repeatability of measurements that’s mean it shows how much each test varies 

from the last object (Müller et al., 2016). 

A scanner with high precision delivers more consistent result after repeated 

scans (Müller et al., 2016; .Ender & Mehl, 2013) tested three IOS systems using 

five scanning strategies, he found that although the IOS devices were capable of 

high accuracy approximately reported 20.4 micrometers as seen in conventional 
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PVC impressions , the scanning strategy used still have an impact on the results 

(Ender & Mehl, 2013).  

A recent study by Lim et al investigated the effect of repetitive operator 

experience on trueness and precision and they found that some scanning systems 

accuracy could potentially effected by operator experience and although this is less 

likely in video scanning systems as compared to single image systems, some 

changes in accuracy were noted (Lim et al., 2018).  

 
 

Table 1.1:  Overall scanner comparison including trueness and precision 

in microns and scan time in minutes format(Latham, 2018). 

 

Many studies have assessed the accuracy of digital models, of which cast 

models are the gold standard, for making orthodontic diagnoses and linear 

measurements (Leifert et al., 2009; Redlich et al., 2008). For linear 

measurements of tooth size, the mean differences in tooth dimension varied from 

0.01 to 0.45 mm between the models (Fleming et al., 2011; Rossini et al., 2016). 

For measurement of mild tooth crowding, the difference between digital and cast 

models ranged from 0.19 to 1.19 mm for the digital model (Redlich et al., 2008; 

Rossini et al., 2016). However, only two studies included samples with different 
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amounts of crowding, and they found an increased discrepancy, up to 3mm, 

between the digital and plaster models, due to an accumulation of measurement 

error during the space analysis. The authors speculated that the inaccuracy of 

digital analysis was due to the difficulty of locating the proper mesiodistal width 

for the space analysis (Abizadeh et al., 2012; Redlich et al., 2008; Yoon et al., 

2018). 

 

1.2 Extra oral laser scanners: 

 
Laser 3D scanning technology uses a laser line or single laser point to scan 

across an object(Elmoutawakkil & Hacib, 2021; Knoops et al., 2017). The main 

advantages of laser scanners, besides producing accurate 3D facial models, is that 

they are relatively inexpensive and easy to handle (Goracci Justine Sigouin, 

2023). The main disadvantages is the longer capture time and affect the eyes, thus 

it is inconvenient to use in paediatric cases (Erten & Yılmaz, 2018b). 

They are non-contact 3D scanners meaning the measurement device does 

not touch the object. This minimizes measurement interference due to physical 

contact to ensure better accuracy (www.Polyga.com). They capture a large area of 

the object at once, which makes the 3D scanning process fast and efficient 

(www.Polyga.com).  

 3D scanners consist of: 

1) Scan head (or capturing unit): the hardware component of the system. 

2)  3D Scanning Software: powers the entire 3D scanning operation. 

(Www.polyga.com).  

The system applies trigonometric triangulation by projecting visible or 

infrared light on the surface of an object/face and interfering the 3D shape based 

http://www.polyga.com/
http://www.polyga.com/
http://www.polyga.com/
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on the distortion of the projected pattern(Elmoutawakkil & Hacib, 2021; Knoops 

et al., 2017). 

They are of two types:  

1) Stationary laser scnner(Figure 2.1): That allow for rapid image capture 

and with regards to facial assessment demonstrated high accuracy and 

precision (Amanda Justine Sigouin, 2023). These require capturing unit 

to remain still when taking a 3D scan of an object(Www.Polyga.com).   

 

 

 

 

Figure 2.1: Stationary laser scanner( Crotes, 2022) 

 

2) Portable/handheld laser scanner(Figure 2.2): They require someone to 

hold the capturing unit and wave it around the object to capture 

scans(www.polyga.com).  

http://www.polyga.com/
http://www.polyga.com/
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Figure 2.2: Portable laser scanner(Www.shining3d.com) 

 

 

1.2.1 Applications of Facial Scanners 

 
1. Diagnostic Records and the Virtual Patient(Figure 2.3): 

  Facial scanners have the potential to digitize and replace conventional extraoral 

records, analog face bow, occlusal analysis, and diagnostic wax-ups(Lee et al., 

2022)  

Figure 2.3: Virtual patient (Lee et al., 2022) 

 

Information provided by this virtual patient allows the practitioner to 

digitally plan treatment across multiple facets of dentistry such as prosthetic 

http://www.shining3d.com/
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and implant rehabilitation, smile design, orthognathic surgery and 

maxillofacial prosthodontics(Lee et al., 2022). 

 This system provides information that facilitates digital communication 

between providers, patients and laboratory technicians in order to achieve a 

more predictable end result(Lee et al., 2022). 

2. Smile Design: In the past, smile design was done in 2D by physically cutting 

and annotating printed photographs in order to simulate desired final results 

of treatments and the 2D plans would then be converted into a 3D model 

through an additive wax up, which was transferred to the patient via a 

physical mock-up(Antolín et al., 2018). The greatest drawback of such 

multi-step analog conversions is the risk of introducing error and distortion 

into the workflow(Antolín et al., 2018). With advances in technology and 

digital cameras, digital smile design protocols and systems were created to 

be used in conjunction with Keynote, PowerPoint, or specialized programs 

to streamline the design process and make the final results more predictable 

(Lee et al., 2022). In digital workflows with facial scanners, the patient’s 

facial features are recorded digitally, and the conversions that were once 

done by hand can be done virtually, eliminating the introduction of those 

errors(Lin et al., 2018). 

3. Face scanners make it possible to get a 3D topography of the facial surface 

anatomy, recognise facial landmarks automatically, and analyse the 

symmetry and proportions of the face(Baxi et al., 2022). They may be used 

to monitor growth and development, ethnicity and gender disparities, and 

identify key diagnostic traits in selected groups of people with craniofacial 

anomalies(Baxi et al., 2022).   

4. Dental long term clear resin: In class II a long term biocompatible resin for 

printing rigid splint, durable orthodontic appliances, and night guards. This 
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resin may be suitable for clear aligner direct 3D printing because it has good 

geometric precision and comparable mechanical properties to 

thermoforming aligners (Bourzgui, 2022). 

 

1.2.2 Advantages and limitations of extra oral scanners 

1.2.2.1 Stationary 3D scanners versus handheld 3D scanners 

 
Stationary systems have the advantage of being stable, which allows faster 

image capture, and thus reduces the effect of any motion artefacts, while Handheld 

scanners have the benefit of being highly portable, however, involuntary facial 

movements of the subject can be magnified due to the prolonged scanning time and 

unstable movements of the scanner (Elmoutawakkil & Hacib, 2021). If we want 

better scan data quality, stationary structured-light 3D scanners outperform 

handheld 3D scanners, in terms of accuracy and resolution. The reason is handheld 

3D scanners capture scans like a video camera, so they capture a scan while the 3D 

scanner is moving(www.polyga.com). 

 

 

 

 

 

 

 

 

 

 

http://www.polyga.com/
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2 Chapter two: Discussion   

 
The IOS are first of all more accurate than the traditional impressions, They 

have better impact on the patient and produce more acceptable experience to them 

and on the other hand more comfortable clinical workflow to the dentist and 

especially to the Orthodontist. 

According to the available data, it is important to embrace the digital era in 

orthodontics, with the rapid development and advanced research of diverse 

technologies and compatible materials, it is possible to obtain single scan digital 

impressions, virtually design, and 3D print different types of orthodontic 

appliances. 3D facial imaging further provides comprehensive analysis as an aid in 

orthodontics, maxillofacial, plastic, and aesthetic surgery. Software integration of 

digital models, 3D facial scans, and CBCT facilitate treatment simulations and 

establish a meaningful communication with patients. 

 Elimination of traditional impressions and dental-cast production stages 

enhance practice efficiency, patient and staff satisfaction for a fully integrated 

digital and streamlined workflow. Patient digital impressions are stored in a more 

convenient way and can be easily transferred to any lab or an in-office milling 

machine for a simpler, faster, and more predictable appliance fabrication. New 

companies, scanner and printer models are emerging daily which result in 

significant decline of systems cost and enhancement of material qualities. 

 From imaging to product design and manufacture, technologies will offer 

more affordable and feasible diagnostic and treatment applications beyond the 

current methods. 
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3 Chapter Three: Conclusions and Suggestions 

3.1 Conclusions 

 
- 3D laser scanning can open a new era in orthodontics. 

 

- Orthodontics should be encouraged to include the digital work flow in 

their clinical practice.   

 

- Laser scanners are the most accurate scanners. 

 

- Limitations should be considered before using laser scanners.   

 

 

3.2 Suggestions  

 

- Investigation of the long-term outcomes of orthodontic treatment using 

laser scanning: While laser scanning has been shown to be effective in 

short-term treatment outcomes, more research is needed to determine the 

long-term effects of treatment using laser scanning. 

 

- Integration of laser scanning with other technologies: Orthodontic 

treatments often require the use of multiple technologies, such as digital 

radiography and 3D printing. Future work could focus on integrating 

laser scanning with other technologies to create a more seamless 

treatment experience for patients. 
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