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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Background: Digital technologies have expanded in the field 

of dentistry, especially in the clinical and diagnostic aspects 
of occlusal abnormalities. Consequently, the purpose of this 
narrative review is to identify and synthesize data concerning 
the effects of these sophisticated digital technologies on 
improved diagnostic performance, treatment interventions, and 
patient outcomes. 

Methods: Cochrane, Scopus, Web of Science, and PubMed 
were searched and, therefore, performed to find the pertinent 
digital technologies in dentistry from the published literature. 
The search was conducted in the period between 2000 and 2024. 
The criteria for inclusion of the studies targeted technologies 
that were Cone-Beam Computed Tomography (CBCT), 
intraoral scanners, 3D imaging, and Computer-Aided Design 
and Manufacturing (CAD/CAM). Some of the comparing 
between conventional and modern approaches were raised.

Results: Digital technologies have enhanced the diagnostic 
process due to extended visualization and precise evaluation of 
occlusal disturbances 

Conclusion: It has been seen that the application of information 
technologies in dentistry significantly improved the diagnostics 
and therapy of occlusion disturbances. While there are some 
invincible challenges posed by these advancements, the 
prospects are noteworthy when it comes to accuracy, efficiency, 
and patient benefits.

Key words. Digital technologies, occlusal anomalies, Cone-
Beam Computed Tomography, intraoral scanners, 3D imaging.

Introduction.
Malocclusions, also called occlusal anomalies, are the incorrect 

positions of the teeth and jaws in relation to each other when the 
mouth is closed [1]. Overbite and underbite, crossbite, and open 
bite are some of the common anomalies that cause functional 
and developmental problems in the dentition [2]. The symptoms 
related to occlusal anomalies are problems with chewing, speech 
disorders, caries, periodontal diseases, temporomandibular 
joint (TMJ) disorders, and chronic headaches [3,4]. Hence, it 
can be deduced that occlusal anomalies are quite common, and 
surveys show that at least a certain segment of the population 
will experience them to varying extents. For example, surveys 
by the World Health Organization show that malocclusion is the 
third most often occurring disorder of the teeth in the world after 
caries and periodontal disease [5]. 

The identification of occlusal abnormalities and their 
management are important for several reasons [6]. In the first 
place, the diagnosis of the case under consideration is called 

for as it defines the type and degree of the malocclusion and 
the kind of treatment that is to be offered. Previous methods 
of diagnostics have involved visual examination, takes of 
plaster models, and biplane radiographs, the use of which is 
rather limited due to the inadequate level of detail that can be 
achieved [7]. Misdiagnosis of patients results in the prescription 
of a wrong treatment plan, delayed care, or poor outcome [8]. 
Furthermore, proper management of occlusal anomalies not 
only addresses functional concerns, meaning the morphology 
and efficiency of the teeth and jaws but also spiritual 
appearance, leading to patients’ satisfaction and or quality of 
life. The possibility of using European experience to counter 
the distribution of falsified medicines discussed by Rizak et al. 
highlights the broader application of international standards in 
healthcare, which could be relevant to ensuring the quality and 
safety of digital technologies in dentistry [9]. 

Similar to Gunin's findings that fintech and innovation can 
restrict market growth if not managed properly, the integration 
of advanced digital technologies in dentistry also requires 
careful management to fully harness their potential without 
compromising clinical outcomes [10]. Afanasieva identifies 
the lack of modern visualization tools in the anatomy training 
of design teachers, advocating for the adaptation of medical 
educational technologies to improve design education [11]. 
Recent studies highlight the dual impact of technological 
innovations in healthcare, significantly improving patient 
outcomes while introducing new challenges that must be 
addressed [12].

The study on MRI artifacts underscores the critical need for 
accuracy in medical imaging, paralleling the emphasis in your 
research on using advanced digital technologies to enhance the 
precision of diagnosing and treating occlusal anomalies [13]. 
The ethical insights provided by Silvia B. into the use of AI 
in socio-cultural systems underline the necessity of integrating 
robust ethical standards as digital technologies, like CBCT and 
CAD/CAM, become pervasive in dentistry. This integration 
ensures that technological advancements improve patient care 
without compromising ethical norms [14].

In the realm of digital technology for diagnosing and 
treating occlusal anomalies, several challenges warrant 
detailed consideration. Despite the transformative potential of 
digital tools such as intraoral scanners, CBCT, and AI-driven 
diagnostics, their implementation is not without hurdles. 
Technical limitations, such as software interoperability issues 
and the need for continuous updates, can impede seamless 
integration into clinical practice. High initial costs and 
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ongoing maintenance expenses also pose significant barriers, 
particularly in smaller practices or in regions with limited 
financial resources. Additionally, the steep learning curve 
associated with mastering these advanced technologies can 
deter practitioners from adopting them, potentially leading 
to underutilization. Moreover, concerns about data security 
and patient privacy in digital health records and cloud-based 
platforms must be addressed to ensure compliance with stringent 
regulatory standards. These challenges highlight the need for 
comprehensive training programs, financial strategies to lower 
costs, and robust cybersecurity measures to fully realize the 
benefits of digital technology in managing occlusal anomalies 
[15].

Khrenova et al.'s study on the integration of clip thinking into 
educational practices parallels the use of digital technologies in 
dentistry, where tools like CBCT and CAD/CAM revolutionize 
diagnostic and therapeutic methods, enhancing learning 
curves and clinical outcomes much like clip thinking enhances 
educational engagement and effectiveness [15]. Modern 
development in the field of informatics has greatly enhanced 
the area of dentistry, providing remarkable methods for dealing 
with occlusal irregularities [16]. Intraoral scanners and CBCT 
produce highly detailed clear 3D images of the teeth, gums, 
and bones of the jaws. Such images provide a higher degree 
of differentiation and resolution that are superior to what 
conventional radiography and touch models can provide, which 
would help in the proper identification of problems and help 
clinicians in planning the best course of action for the patient 
[17,18].

The works done in the field of Artificial Intelligence (AI) 
and Machine Learning (ML) have now made significant 
advancements in the diagnosis of occlusal anomalies in the field 
of dentistry. Deep learning and convolutional neural networks 
process large amounts of dental data, identifying complex 
patterns and relationships that are indiscernible to the naked 
eye. These systems are tested and developed using big data 
and are thus capable of offering highly accurate diagnoses. For 
example, AI has correctly diagnosed early-stage dental caries 
with an accuracy of more than 90%, correctly estimated the 
likelihood of successful orthodontic treatment, and accurately 
identified periodontal disease with high sensitivity and 
specificity. Moreover, various types of malocclusion have been 
rectified with the help of AI in identifying and treating specific 
cases for the best prognosis. All these advancements increase 
the accuracy of diagnosis, help in developing better treatment 
regimens, and ultimately result in better patient prognoses. With 
time, advanced development in the AI concept will lead to even 
earlier and more accurate identification of dental conditions 
[19].

For instance, CBCT gives the visualization of any dental 
structures in 3D, and it yields information about the densities 
of bone, positions of the teeth, as well as the nearby anatomy. 
This level is most valuable when detailed measurement and 
assessment are needed, which is especially true for complicated 
situations [19]. Intraoral scanners are devices that capture 
images of the teeth to make impressions, thus, avoiding the 
use of unpleasant materials and of questionable efficacy for the 

patients [20]. These impressions can be used to create a very 
accurate copy of the teeth in the form of a 3D image which 
is rather useful when diagnosing and formulating the treatment 
plan to be adopted. Another innovation that has been marked 
as important is the refining of occlusal analysis software that 
is digital. These tools employ sensors as well as computer 
software in order to determine the force and the time impacts 
of coming into contact between the upper and the lower teeth 
during biting and chewing. Therefore, this information is of 
great value in the diagnosis of occlusal disharmonies and in 
planning corrective procedures [21,22]. Using digital occlusal 
analysis, the adjustments could be made while the patient is 
seated in the chair and the process is complete, with no need for 
follow-up visits or appointments. 

The use of artificial intelligence and machine learning in 
dentistry diagnosis is also on the increase [23]. Various AI 
algorithms that operate on the base of digital image information 
and the data gathered at every stage of a patient’s treatment 
process help in identifying potential patterns and rendering 
diagnostically rich predictions. This may help the clinicians to 
identify the occlusal abnormalities at an earlier stage treat the 
condition using big data analytics and develop a unique patient 
care plan [24].
Research Problem.

These occlusal anomalies are ah difficult diagnostic and 
therapeutic problem in the process of dental practice because 
their manifestations are expressed rather conditionally and 
require evaluation of numerous details. Traditional approaches 
sometimes do not give the level of detail required and therefore, 
poor results are obtained. Given the current trends in the 
application of digital technologies in dentistry, it is important to 
establish the relevance of the presented digital technologies in 
the diagnosis and management of occlusal abnormalities.
Research Focus.

This work is aimed at assessing the role of developed 
digital technologies in the diagnosis and therapy of occlusal 
abnormalities. Specifically, it looks into the use of technologies 
like CBCT, intraoral scanners, three-dimensional imaging and 
Computer-aided design, and (CAD/CAM) regarding clinical 
accuracy and treatment precision, and patient benefits when 
compared with conventional approaches.
Research Aim and Questions.

To evaluate the possibilities of the complex digital 
technologies for diagnosis and treatment of the patients with 
occlusal abnormalities and for determination of advantages and 
drawbacks of the application of new technologies in the dental 
practice.

1. What is the accuracy and detail of the CBCT, intraoral 
scanners and 3D imaging compared to conventional diagnostics 
in diagnosing occlusal anomalies?

2. How does the use of CAD/CAM and other digital treatment 
tools affect the accuracy and effectiveness of managing occlusal 
anomalies?

3. How satisfied are the patients in terms of outcomes when 
digital technologies are applied for diagnosis and treatment of 
occlusion abnormalities?
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like alginate or silicone to make a reverse cast of the patient’s 
teeth and fill the cavities with plaster to obtain positive casts. 
These plaster models have a tangible feel of the patient’s 
dentition; this makes it easy to conduct examinations and even 
measures. It needs to be pointed out that they are indispensable 
for planning orthodontic treatments, designing dental 
prosthetics, and evaluating changes that take place [29,30]. 
Convention radiographs (X-rays) and Panoramic radiography 
are also two-dimensional imaging that have also contributed. 
The chest offers the image of the degree of bone density and 
tooth development, the periodontal structure of teeth, and their 
interrelation while panoramic radiographs give a comprehensive 
look at both jaws. This enables visualization of problems such 
as impacted teeth, bone pathology, and the spatial orientation of 
the jaw [31]. Occlusal anomalies significantly impact patients' 
psychological and social well-being, affecting their self-esteem 
and quality of life. Studies show that malocclusions can lead 
to negative body image and social anxiety. Management of 
occlusal abnormalities was by use of mechanical devices 
including braces and retainers to gradually align the teeth to 
the appropriate position. Braces, including brackets, wires, and 
bands, provide constant force against the teeth thus shifting 
them gradually over time. There are retention appliances that 
are worn after the treatment to ensure that the gained alignment 
is maintained. In some of these cases, orthognathic surgery may 
be required to address the abnormalities in the jaw position after 
which orthodontic treatment is used to fine-tune the position of 
the teeth (Table 1).
Digital Technologies in Diagnosis.
Digital Imaging:

Cone-Beam Computed Tomography: CBCT has proved 
to be a better technology than traditional two-dimensional 
radiography by giving extraoral and intraoral. Documentation 
of the extraoral and intraoral structures of the teeth, bones, 
and tissue. CBCT is more advantageous in diagnosis than 
conventional two-dimensional radiography because of its ability 
to reveal complex structural anatomy. It also plays a significant 
role in rating the bone’s quality and density, where the impacted 
teeth are located, and how to calculate the position of dental 
implants [17]. 

Intraoral Scanners: Intraoral scanners work as elevation 
of the conventional dental impression technique and use 
a precise digital camera to capture photographs inside the 
mouth. These scanners are capable of creating near-perfect 3D 
copies for diagnostic purposes, determining proper positioning 
of prosthetics, and fabricating dental prosthetic products. 
The process is faster for the patients and considerably more 
comfortable than conventional impression materials which 
decreases the chances of errors and calls for retakes [36]. 

3D Imaging and Modeling: 3D visualization and modeling 
give a detailed and realistic perception of a patient’s dentition. 
These models can then be turned this way both for viewing and 
testing and give a full picture of the occlusal relationship and the 
likely result of treatment. A majority of them serve in general 
orthodontic planning, in the design of specifically tailored 
prosthetic appliances, and in the visualization of surgical 
procedures [37].

4. What difficulties and restrictions can practitioners experience 
while implementing these digital technologies into practice?
Literature review.

Orthodontic anomalies can lead to a range of symptoms 
affecting various aspects of oral health and overall well-being. 
Research has shown that malocclusions can significantly impact 
chewing efficiency, as evidenced by a study in the Journal of 
Oral Rehabilitation which found that individuals with severe 
malocclusion had reduced masticatory performance and higher 
chewing difficulty scores. Speech problems are also common, 
with a study published in the European Journal of Orthodontics 
demonstrating that children with anterior open bite exhibited 
more speech distortions and articulatory disorders [25]. Tooth 
decay and periodontal disease are exacerbated by misaligned 
teeth, as shown by research in the Journal of Dental Research 
indicating that malocclusions increase plaque accumulation 
and gingivitis, leading to higher incidences of dental caries 
and periodontal issues [26]. Temporomandibular joint (TMJ) 
disorders are closely linked to orthodontic abnormalities, with 
the Journal of Clinical and Experimental Dentistry reporting 
that malocclusion is a significant risk factor for TMJ pain and 
dysfunction. Chronic headaches, often a result of TMJ disorders, 
were highlighted in a study in the Journal of Orofacial Pain, which 
found that patients with malocclusion-related TMJ disorders 
experienced a higher prevalence of tension-type headaches and 
migraines. These studies underscore the extensive impact of 
orthodontic anomalies on oral and systemic health, emphasizing 
the need for timely and effective orthodontic intervention.
Historical Perspective.
Traditional Methods of Diagnosing and Treating Occlusal 
Anomalies:

Conventionally, the assessment of occlusal disharmonies and 
their management depend on the patient’s clinical assessment, 
impression techniques, and customary two-dimensional 
imaging. Some of the common assessment methods include 
visual inspection and examination by touch and with dental 
instruments as a means of evaluating the positions and status of 
the teeth and jaws [27]. To analyze the occlusion, dentists, and 
orthodontists use their hands to identify malposition and all the 
uneven characteristics in the bite and functional aspects [28]. 

Modern technologies like CBCT and intraoral scanners are 
transforming orthodontic treatment planning by providing 
detailed, three-dimensional images and precise digital models of 
dental structures. CBCT enables accurate diagnoses of complex 
conditions such as impacted teeth and TMJ disorders, improving 
treatment outcomes and reducing complications. Intraoral scanners 
create precise digital impressions, enhancing the accuracy of 
orthodontic appliances like clear aligners, leading to more effective 
treatments. These technologies also reduce diagnostic time and the 
number of patient visits. For example, studies show that digital 
scanners and CBCT streamline the diagnostic process, improve 
aligner fit, and decrease overall treatment duration, resulting 
in fewer adjustments and follow-up appointments, ultimately 
enhancing patient comfort and satisfaction.

Dental impressions have been a staple of the conventional 
techniques of diagnostics. Practitioners can utilize substances 



26

Visualization technologies such as 3D imaging and modeling 
have enhanced approaches such as corrective orthodontics 
and surgical interventions by providing resolutions with 
closer to life like visualization of the anatomical structures 
being addressed and attempts at the treatment planning—the 
scope of work required to effect the required changes. CBCT 
gives better visualization of dental and skeletal structures; 
orthodontists need to diagnose impacted tooth and root 
morphology before treatment. Some of the findings show that 
CBCT is reliable in treatment planning and prognostication of 
outcomes. For example, a study in the *Journal of Clinical and 
Experimental Dentistry* demonstrated how CBCT could help 
the identification of the degree of the bone density to determine 
the root resorption through the orthodontic treatment and, thus, 
to plan for a surgery. Also, CBCT enables VSP for orthognathic 
surgeries: in the *Journal of Cranio-Maxillo-Facial Surgery* 
several articles revealed high accuracy of preoperative planning 
and shorter surgical time. These developments show improved 
increase in the field of 3D imaging and modeling in orthodontic 
and surgical fields to increase the predictability and success 
rates of the treatments.
Comparative Analysis with Traditional Methods.

In the comparative analysis, it is proved that the usage of 
digital technologies allows one to achieve the best results 
compared with the employing of traditional methods. For 
instance, the CBCT used instead of conventional films and the 
intra-oral scanner applied instead of impressions deliver more 
information as compared to the former and help diagnose more 
effectively and treat patients correspondingly. Digitization of 
occlusal analysis provides quantifiable data that is superior to 
the qualitative aspects of manual techniques, leading to better 
occlusal equilibration [39,40].
Digital Technologies in Treatment.
Computer-Aided Design and Manufacturing (CAD/CAM)

Custom Dental Prosthetics and Appliances: 
CAD/CAM technology is a versatile tool that enables the 

design and creation of individualized dental implants and dental 
appliances. The intraoral scanners make digital impressions 
which are further used to create precise 3D models for designing 
the caps, bridges, veneers, and even orthodontic aligners. 
It guarantees that there is a good fit and functionality, hence 
improving patient comfort while at the same time increasing the 
efficiency of the treatment.

Precision and Efficiency Improvements:
CAD/CAM systems raise the methods of dental operations 

to a new high level. This digital workflow also helps in saving 
time as there are no various changes and attempts to take on the 
garment. The patient receives less time-consuming therapy and 
less stressful procedures, whereas the clinician gains a higher 
precision in his/her tasks [41].
Orthodontic Applications.

Clear Aligners (e.g., Invisalign):
Aesthetic aligners, particularly the Invisalign aligner, are one 

of the forms and digital orthodontic treatment plans. They are 
clear plastic devices that are made according to the impressions 
of the teeth and with the help of a computer fabricate a series 
of invisible individual trays that are worn over the teeth to shift 
them to the desired location by slight pressure exerted by the 
trays. The digital planning process holds maximum precision 
and reliability and creates a sleek and comfy option instead of 
the regular metal brackets [6].
Digital Orthodontic Treatment Planning:

New technologies enhance the planning of orthodontic 
treatment. Digital study models can also be used to showcase 
the movements of the teeth and how the treatment will develop 
ahead of its commencement. This ability to predict improves the 
effectiveness of treatments and also puts the patient at the center 
of their treatment plans [42].
Surgical Applications.
Digital Surgical Guides:

Digital surgical guides, created from CBCT scans and 3D 
models, assist surgeons in planning and executing precise dental 
surgeries. These guides improve the accuracy of procedures 
such as implant placement and orthognathic surgery, reducing 
the risk of errors and enhancing surgical outcomes. The use of 
digital guides ensures that surgeries are minimally invasive and 
more predictable.
Minimally Invasive Procedures:

Advances in the area of digital technologies enable dentists 
to provide their patients with minimally invasive treatments. 
Better visuals and detailed goals cut out most of the invasive 
procedures that may harm the patient, giving less downtime and 
better results. Thus, routines are most effective in cases when it 
is more difficult to carry out classical surgery [43,44] (Table 2).

Diagnostic Method Efficacy Advantages Limitations

CBCT
High accuracy for complex 
conditions like impacted teeth and 
TMJ disorders

Comprehensive 3D views, precise 
diagnosis, improved treatment 
outcomes

High radiation exposure, expensive 
equipment, requires specialist 
interpretation

Intraoral Scanners
Precise digital impressions, 
high accuracy for orthodontic 
appliances

Eliminates the need for traditional 
molds, enhances appliance fit, 
reduces patient visits

High initial cost, requires training, 
occasional software issues

Traditional Alginate Molds Moderate accuracy is widely used 
in routine practice

Low cost, easy to use, familiar to 
most practitioners

Less precise, can be uncomfortable 
for patients, longer processing time

Table 1. Limitations and Challenges of Conventional Approaches [32,33].

Source: authors' development
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Case Studies.
Examples of Successful Diagnoses Using Digital Technologies:

Studies show how effective digital technologies can be in the 
treatment of occlusal abnormalities. For example, several studies 
have attributed the ability to employ CAs in treating different 
malocclusions while the patient’s satisfaction rate remains 
high. Computerized guides have enhanced the precision of the 
implant placements and further enhanced the predictability of 
the results [45].
Comparison with the Traditional approaches:

The results of these comparisons indicate that digital treatment 
methods are more effective than traditional ones. CAs are 
another type of digital treatment option for orthodontics, which 
is more comfortable and visually appealing as compared to 
metallic braces. Surgical guides are the advancements in digital 
technology that help surgeons make the procedures more accurate 
and minimize the possible problems and recovery time [46].
Benefits and Challenges.
Enhanced Accuracy and Precision:

Digital technologies in health care have made diagnosis and 
treatment to be accurate and precise as per requirement. A better 
definition of imaging, the better quality of 3D models, and better 
software designs used by the clinicians allow the diagnosis to be 
more effective and precise, and thus the treatment plan to be 
much better. Due to the high accuracy of the digital tools, high 
results are achieved consistently thus minimizing any form of 
error [47].
Time and Cost Efficiency:

Digital workflows streamline diagnostic and treatment 
processes, saving time and reducing costs. Digital impressions, 
CAD/CAM fabrication, and digital treatment planning reduce 
the overall time required for fabrication compared to the 
conventional methods. These efficiencies serve the patients and 
practitioners since the time required for treatments is less, and 
the costs are lower [47].
Patient Satisfaction and Outcomes:

Patients benefit from the comfort, accuracy, and efficiency of 
digital technologies. Digital impressions are more comfortable 

than traditional materials, and digital treatment plans provide a 
clear visual representation of expected outcomes. The precision 
and predictability of digital treatments result in higher patient 
satisfaction and better overall outcomes [48].
Methods.
General Background:

Based on the current body of research literature, this is a narrative 
review to evaluate the complex digital technologies applied in 
the diagnosis and management of occlusal abnormalities. A 
literature review was performed to collect and assess the current 
scientific findings regarding the effects of digital advancements 
in the field of dentistry. Specifically, the review stressed the 
clinical employing of digital imaging, software tools, and CAD/
CAM technologies. The purpose was to evaluate the outcomes 
of such technologies, and their effectiveness compared to the 
traditional workflow and to reveal the strengths and weaknesses 
of such tools in contemporary dentistry. 

In the current narrative review, statistical methods that 
compared digital and traditional methods involved synthesizing 
data because of the variation in the methodologies and outcome 
measures across different studies. Due to the variation of the 
study designs and types of data, meta-analysis was not possible. 
However, other statistical methods like thematic synthesis and 
regression analysis were used in the present study. Thematic 
synthesis was suitable for synthesizing qualitative data derived 
from such works that offered a narrative of the advantages 
and disadvantages of digital over conventional approaches in 
orthodontic treatments. Thus, this method made it easier to 
compare the studies in terms of patient outcome, treatment 
effectiveness, and clinician’s preferences. 

Inclusion Criteria: The following criteria were used to select 
studies for inclusion in this review: The following criteria were 
used to select studies for inclusion in this review:

Study Design: Only studies were enrolled in peer-reviewed 
publications; the sources included original research articles, 
systematic reviews, meta-analyses, and clinical case studies.

Publication Date: Research articles, published in the last 
decade to make sure that the review encompasses the most 
current works and findings.

Language: Only the articles in the English language were 
taken for analysis.

Digital Technology Description Key Benefits
Computer-Aided Design and Manufacturing 
(CAD/CAM)

Technology for designing and fabricating 
custom dental prosthetics and appliances

Exceptional precision, faster treatment times, 
improved fit and function

Clear Aligners (e.g., Invisalign) Removable orthodontic appliances designed 
using digital scans and computer algorithms

High accuracy, aesthetic appeal, comfort, 
predictable tooth movement

Digital Orthodontic Treatment Planning Software for simulating tooth movements and 
visualizing treatment outcomes

Precise treatment planning, enhanced 
effectiveness, patient engagement

Digital Surgical Guides Guides created from CBCT scans and 3D 
models to assist in surgical procedures

Improved surgical accuracy, reduced risk of 
errors, minimally invasive procedures

Minimally Invasive Procedures Procedures facilitated by enhanced imaging 
and precise planning

Less trauma, faster recovery times, improved 
outcomes

Integration of Digital Tools Combined use of various digital technologies 
in treatment

Comprehensive treatment approaches, 
improved accuracy and efficiency, streamlined 
workflows

Table 2. Summary of Digital Technologies in Treatment.

Source: authors' development
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Relevance: Research papers exploring the application of 
digital technologies for diagnosing or managing patients with 
occlusal abnormalities.

Population: Literature case reports which are human studies 
of patients who have been diagnosed with occlusal anomalies.

Outcomes: Studies reporting on diagnostic accuracy, treatment 
efficacy, patient outcomes, or comparative analyses between 
digital and traditional methods.

Specify the impact factor or Scopus Index as a threshold 
for the peer-reviewed publications considered for inclusion. 
This will enhance the credibility and relevance of the selected 
studies. Additionally, clearly define the term "recent" within 
your criteria to ensure only the most contemporary research is 
considered, for example, stipulating that studies must have been 
published within the last five years.
Exclusion criteria:

Non-Human Studies: Studies done using animals or in a test 
tube.

Non-Dental Focus: Papers not related with dental occlusal 
anomalies or digital technologies in dentistry.

Language: Articles in other languages than English.
Publication Type: Letters to the editor, editorial comments and 

discussions, conference proceedings, and abstracts which are 
not supported by adequate data and methodological description.
Outdated Research:

Articles that were published over a decade ago unless the 
material discussed is basic and would be considered fundamental.

In our literature review, “fundamental” material in studies over 
10 years is defined using criteria which are designed to isolate 
the critical or paradigm-shifting works that continue to remain 
germane in orthodontics. Such criteria include investigations 
that provided a new concept or approach that has become 
standard in clinical practice or that formed the basis for further 
studies. Similarly, those articles that are highly cited or have set 
new paradigms to orthodontic treatment are pharmacological. 
By employing these criteria, we guarantee that we will be able 
to justify the use of older studies and thus keep the review of the 
literature section up-to-date.
Data Collection.

To select the related studies, the electronic databases such as 
PubMed, MEDLINE, Scopus, and Web of Science were searched 
systematically. The search terms used in the present study were 
“digital technology”, “occlusal anomalies”, “CBCT”, “intraoral 
scanners”, “CAD/CAM”, “digital occlusal analysis”, “artificial 
intelligence” and “machine learning”, The references of the 
selected articles were also cross checked to find other suitable 
articles for the present study. The search was conducted in the 
period between 2019 and 2024. Coded information derived 
from the selected papers included study type and size, patients’ 
characteristics, applied DT, diagnostic/treatment results, and 
comparisons with conventional approaches.
Statistical Analysis.

To present the study characteristics and the types of digital 
technologies addressed in these studies, descriptive statistics 
were applied. Where relevant, statistical data regarding 
diagnostic accuracy, treatment effectiveness, and patient 

outcomes were obtained and reported in terms of mean, 
standard deviation, and proportions. The studies of traditional 
and digital learning methods were compared and contrasted 
in terms of results and peculiarities in the form of qualitative 
analysis. It was not feasible to use meta-analytical approaches 
because of variability in study methodologies and the indicators 
used. The studies were synthesised narratively to tell a coherent 
and comprehensive story of the present day use of digital 
technologies in the management of occlusal anomalies.
Results.
Summary of Literature Search Results.

The process of selecting potential articles by using keywords in 
the electronic databases resulted in the selection of 72 research 
papers, indicating the general scenario about the deployment 
and utilization of digital technologies in diagnosing and treating 
the occlusal anomalies present in the contemporary population. 
These papers also draw attention to the increased precision 
that comes with digital solutions, the patient’s comfort, and 
increased practice efficiency. The results of the literature search 
inform the detailed analysis and discussion in the subsequent 
sections of this narrative review (Figure 1).

Figure 1. Shows a PRISMA flow diagram of our literature search.

Summary of our included studies.
In a prospective controlled study [51], the effectiveness of 

Bone Anchored Maxillary Protraction (BAMP) therapy in cleft 
children with Class III malocclusion was assessed by analyzing 
Three-Dimensional (3D) surface models obtained from CBCT. 
Thirty-six control patients in the same age group of 10-12, cleft 
patients received BAMP therapy which included intermaxillary 
elastics and four zygoma bone plates for 18 months. Prior to 
the research, a power analysis indicated that an effect size of 
ρ = 0.5 with a power of 0.8 required 21 patients. The observer 
(RS) conducted lip projection measurements three times at one-
week intervals, with intraclass correlation calculated. RS also 
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performed 3D cephalometric landmark and ROI measurements, 
cephalometric tracings, and superimpositions of 3D models and 
2D cephalograms twice, one week apart. Statistical analyses 
were done using SPSS (version 23.0). A one-way ANOVA 
with post-hoc Bonferroni correction was used for cephalometric 
analysis, while means and standard deviations were calculated 
for 3D ROIs. The significance level was set at P < 0.05. Intraclass 
correlation was evaluated using Cronbach’s alpha, with a kappa 
of 0.81 to 1.00 indicating almost perfect agreement. Linear 
regression tests were also conducted.

To compare the results, three non-surgically treated control 
groups were selected: Group 1, cleft subjects with Class III 
malocclusion; Group 2, non-cleft subjects with Class III 
malocclusion; Group 3, normal subjects. An evaluation on 
patients’ profiles before and after the intervention was done 
using CBCT scans, and patients’ profile photos. Outcomes of the 
study indicated that two-thirds of treated subjects had increased 
lip protrusion together with considerable skeletal modifications 
with significant forward, downward, and outward translation in 
the region of zygomatic and maxillary structures. The treated 
subjects displayed a notable increase in SNA and ANB angles, 
Wits estimation, advancement of point A, and overjet change 
in comparison with the control groups (p < 0. 05). From the 
result analysis BAMP therapy the research concluded that it 
encourages forward displacement of zygomaxillary complex 
very useful for the treatment of Class III malocclusion in cleft 
patients.

Another study [52] aimed to compare orthodontic treatment 
modalities using clear aligners (CA) and fixed appliances with 
mini-screws (FM) concerning maxillary molar root resorption, 
intrusion, dentoskeletal changes, and maximum bite force 
(MBF) in 40 adults with anterior open bite. After six months, 
CA showed minimal root resorption (0.21-0.24 mm) and 
molar intrusion (0.68 mm) compared to FM, which exhibited 
root resorption of 0.38-0.47 mm and molar intrusion of 1.49 
mm. Both groups experienced positive changes in overbite, 
bite closure, and MBF. However, CA resulted in less overbite 
change, less SN-MP change, and a more significant increase 
in MBF. Furthermore, in the CA group, MBF was positively 
correlated with the degree of molar intrusion (r = 0.736, P < 
0.05). In summary, CA differed significantly from FM by 
causing smaller changes in overbite and MBF and less root 
resorption and molar intrusion.
Discussion.

Literature review and various case studies reveal the proven 
efficiency of digital technologies as opposed to traditional ones. 
But obstacles like the realism for the practitioners, technical 
problems, and major investments, are still there. However, it 
is worth emphasizing the advantages that are achieved through 
accuracy improvement, time-saving, and patient satisfaction 
in terms of dental care where adopting the existing digital 
technologies is critical. These issues will have to be addressed 
through future research and innovations to push the studies 
to the next level. The effectiveness of the intraoral scanner 
compared to conventional alginate impression in patients with 
mixed dentition in orthodontic patients has been assessed by 
Liczmanski et al [54]. It involved forty-four jaws with mixed 

dentition and analyzed plaster models from alginate impressions 
with the TRIOS® Ortho digital scan. For the purpose of this 
study, the results revealed a mean difference of 0. The mean 
differences in distance between the scans and the digital casts 
were 22mm which is clinically irrelevant. Hence the deviations 
in the positions of the lower anterior teeth were not influenced 
by gender, jaw size, type of jaw, and malocclusion type. Some 
of the common errors that I observed in alginate impressions 
include bubbles and incomplete flow and most of the scanning 
errors were incomplete distal surface of molars. CBCT (Cone-
Beam Computed Tomography) and intraoral scanners have 
significantly improved dental diagnostics by providing high-
resolution 3D images and detailed digital impressions. These 
technologies enhance diagnostic accuracy and patient comfort, 
as digital methods are less uncomfortable and faster. For 
example, Patzelt et al. found that digital impressions caused less 
gagging and discomfort compared to traditional methods.

3D imaging and modelling enable precise treatment planning, 
such as in orthodontics where detailed 3D models allow for 
optimal brace placement, demonstrated by Kau et al. In implant 
dentistry, CBCT aids in assessing bone density for accurate 
implant placement, leading to high accuracy and patient 
satisfaction, as shown by Gahleitner et al [55]. Additionally, 
Wiranto et al [56]. found that orthodontic treatments using 3D 
imaging had better outcomes than traditional methods.

This clinical study by Schlenz et al [57] sought to compare 
the ability of conventional and computerized techniques on the 
resolution of interdental areas in patients with periodontally 
compromised dentitions and patients experiencing tooth 
migration and malocclusions. It included 30 patients aged 48-
87 years, evaluating one conventional impression (CVI) using 
polyvinyl siloxane and four digital impressions with intraoral 
scanners (IOSs): ‘True Definition’ (TRU), Primescan (PRI), 
Caries scan CS 3600 (CAR), and ‘TRIOS 3’ (TIO). The CVIs 
provided gypsum models that were digitized, and the ratio of 
the displayed IAs to the absolute IAs was determined using 
three-dimensional measuring instruments. Comparing the 
impression techniques, it was found that there was a highly 
significant difference between the groups (p-value < 0. 05) 
except between PRI and CAR; the post hoc Mean comparison 
showed that TRU had the highest IA display percentage in 
comparison to PRI, CAR, TIO, and CVI. Based on the data 
presented in this study, it can be concluded that the analysis of 
digital IOS is more efficient compared to the analysis of CVIs 
in terms of reflecting the interdental areas of PCD patients. This 
study by Li et al [58] aimed to assess the treatment outcome of 
CAD/CAM cutting and drilling guides with pre-bent titanium 
plates in right class III skeletal malocclusion. In a randomized 
clinical trial, 46 patients were divided into two groups: one that 
received these guides was the group of patients who were to 
undergo surgery (surgical group), and the other was the group 
using CAD/CAM splints. Patients’ imaging data at the baseline 
and after surgery were evaluated. The experimental group had 
fewer postoperative complications and had better anatomic 
alignment in the mandible and condyles’ location as compared 
to the control group. However, there are a few issues that refer 
to anatomical landmarks that still require slight modifications. 
Digital impression techniques demonstrated significant 
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advantages over conventional methods, particularly for patients 
with periodontal compromises. Digital impressions capture 
intricate details with high precision, effectively representing 
complex anatomical features like undercuts and interdental 
areas that conventional impressions often miss. They reduce 
errors such as bubbles and incomplete material flow, thereby 
enhancing diagnostic accuracy. Additionally, digital methods 
improve treatment planning by enabling precise 3D modelling 
for surgical guides, orthodontic appliances, and prosthetics. 
These techniques not only enhance diagnostic capabilities but 
also increase patient comfort and acceptance, ultimately leading 
to better clinical outcomes.

A case report assessed CAD/CAM cutting and drilling guides 
affixed to pre-bent titanium plates to treat skeletal class II 
malocclusion [59]. Fifty patients were randomly assigned to 
two groups: one undergoing the use of guides with pre-bent 
plates (Group A) and the other the use of CAD/CAM splints 
(Group B). Finally, occlusal and aesthetic objective evaluations 
after the operation indicated that both experimental groups were 
satisfactory. It was also found that Group A repositioned the 
proximal segment more accurately than Group B, but there 
was no statistical difference between the two groups in terms 
of movement of the distal segment. It was determined that 
the CAD/CAM guides with the pre-bent titanium plates have 
enhanced surgical accuracy on the patients who are candidates 
for bilateral sagittal split ramus osteotomy for skeletal class II 
deformities. 

 According to the study by Li et al. that is a randomized 
clinical trial, CAD/CAM cutting and drilling guides along with 
pre-bent titanium plates resulted in better postoperative patient 
outcomes when four patients with skeletal class III malocclusion 
received bimaxillary surgery. Compared with that of the CAD/
CAM splints, the Cad/Cam guides facilitated specific surgical 
movements which then yielded a superior repositioning of 
both mandible and condyles. Such accuracy helped minimize 
postoperative complications in the experimental group; this 
means that CAD/CAM technology cannot be dismissed when 
considering the enhancement of surgical calls. Thus, the 
utilization of CAD/CAM guides in orthognathic surgery reduces 
surgical mistakes and enhances the accuracy of titanium plate 
positioning; therefore, it may seem that the future directions of 
OHB could apply standardized protocols for the use of CAD/
CAM guides to increase patient outcomes and surgical efficacy.
Conclusion.

This narrative review provides an overview of the changes 
brought by digital technologies in diagnosing and managing 
occlusal aberrations. CBCT and intraoral scan, 3D imaging 
has enhanced diagnostic and surgical planning and conduct. 
The capabilities of digital tools and artificial intelligence have 
optimized the diagnostic process, making it individually tailored 
and based on forecasts. The use of CAD/CAM technology 
computers and digital surgical guides in treatment has resulted 
in more efficient less invasive procedures compared to the 
past. Single-visit prosthetic fabrication, clear aligner therapy, 
and digitally planned surgeries have reportedly reduced error 
margins and given better patient compliance when compared 
to conventional techniques. However, such concerns as the 

time that might be required for practitioners to master it, the 
overall costs, and technicalities still linger. Future studies 
and development will still play a crucial role in solving these 
problems and enhancing the use of digital technologies in 
dentistry further.
Future research and recommendation.

Further studies should therefore deal with the fine-tuning of 
digital technologies in terms of their availability, costs, and 
simplicity. To understand the effectiveness and longevity of the 
treatments these technologies offer, research should be done on 
the long-term effects of these treatments. Also, it will be critical 
to establish effective training for practitioners, which is going 
to lead to the effective realization of such tools, as significant 
learning is required to master the new tools. Interprofessional 
cooperation among researchers, clinicians, and technology 
developers will facilitate advances and implementation of 
digital technologies in dentistry. 
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