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Introduction: The long-term performance of dental restorations depends on their internal and 
marginal fits. Improvements in the fit of restorations, especially zirconia crowns, have been 
investigated through the use of diverse materials, manufacturing processes, and impression 
techniques. 

Objectives: The purpose of this review was to examine the internal and marginal fit of zirconia 
crowns made with CAD/CAM software with artificial intelligence (AI) software.

Methods: Using a combination of keywords and MeSH terms, the literature search was carried 
out across seven databases: PubMed, Scopus, Web of Science, Cochrane Library, Embase, 
ProQuest, and ScienceDirect from inception till 1st of September, 2024. To guarantee correctness 
and uniformity in the data that was retrieved, a standardised form was established. In vitro or in 
vivo studies were considered for inclusion, and two reviewers evaluated the selected literature.

Results: CAD/CAM-generated restorations showed better fit than conventionally manufactured 
restorations in all 5 of the studies included in the review, especially those made with digital 
workflows and imprint techniques. Compared to other approaches, digital technologies including 
completely digital (IOS) and digital intra-oral impressions produced a better fit. For single-visit 
zirconia treatment, high-speed sintering produced encouraging results with lower marginal gap 
values. When compared to milled zirconia (MZ) crowns, self-glazed zirconia (SGZ) crowns showed 
superior internal and overall fit.

Conclusions: The results showed that, when compared to restorations that were conventionally 
produced, CAD/CAM-fabricated restorations, particularly those that were planned with the use of 
digital workflows and imprint techniques, had greater marginal and internal fit. Zirconia crown fit 
has improved thanks to promising advances in digital technology, including high-speed sintering 
and entirely digital operations. To determine the long-term clinical performance of restorations 
created with CAD/CAM and AI, more research is required.
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META-ANALYSIS / MÉTA-ANALYSE

ÉVALUATION COMPARATIVE DE L’ADAPTATION MARGINALE ET 
INTERNE DES COURONNES EN ZIRCONE CONÇUES À L’AIDE DE 
L’INTELLIGENCE ARTIFICIELLE ET D’UN LOGICIEL DE CAO-FAO: UNE 
REVUE SYSTÉMATIQUE

Introduction: La performance à long terme des restaurations dentaires dépend de leur adaptation 
interne et marginale. L’amélioration de l’adaptation des restaurations, notamment des couronnes 
en zircone, a été étudiée grâce à l’utilisation de divers matériaux, procédés de fabrication et 
techniques d’empreinte. 

Objectifs: Cette revue avait pour objectif d’examiner l’adaptation interne et marginal des couronnes 
en zircone réalisées avec un logiciel de CFAO et d’intelligence artificielle (IA). 

Méthodes: À l’aide d’une combinaison de mots-clés et de termes MeSH, une recherche 
bibliographique a été effectuée dans sept bases de données : PubMed, Scopus, Web of 
Science, Cochrane Library, Embase, ProQuest et ScienceDirect, depuis leur création jusqu’au 
1er septembre 2024. Afin de garantir l’exactitude et l’uniformité des données récupérées, un 
formulaire standardisé a été établi. Des études in vitro ou in vivo ont été prises en compte pour 
l’inclusion, et deux évaluateurs ont évalué la littérature sélectionnée.

Résultats: Les restaurations générées par CFAO ont montré une meilleure adaptation que les 
restaurations conventionnelles dans les cinq études incluses dans la revue, en particulier celles 
réalisées avec des flux de travail numériques et des techniques d’empreinte. Comparées à d’autres 
approches, les technologies numériques, notamment les techniques intra-orales totalement 
numériques (IOS) et les empreintes intra-orales numériques, ont produit une meilleure adaptation. 
Pour le traitement de la zircone en une seule visite, le “sintering” à grande vitesse a produit des 
résultats encourageants avec des valeurs d’espace marginal plus faibles. Comparées aux couronnes 
en zircone usinée (MZ), les couronnes en zircone auto-émaillée (SGZ) ont montré une meilleure 
adaptation interne et globale. 

Conclusions: Les résultats ont montré que, comparativement aux restaurations conventionnelles, 
les restaurations fabriquées par CFAO, en particulier celles planifiées à l’aide de flux de travail 
numériques et de techniques d’empreinte, présentaient une meilleure adaptation marginale et 
interne. L’adaptation des couronnes en zircone s’est améliorée grâce aux avancées prometteuses de 
la technologie numérique, notamment le “sintering”  à grande vitesse et les opérations entièrement 
numériques. Des recherches supplémentaires sont nécessaires pour déterminer les performances 
cliniques à long terme des restaurations créées par CFAO et IA. 

Mots clés: flux de travail numériques, CFAO, intelligence artificielle, couronnes en zircone, 
ajustement marginal, ajustement interne et dentisterie numérique
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Introduction

The advancement of comput-
er-aided design and computer-aided 
manufacturing (CAD-CAM) technol-
ogies has revolutionised dentistry 
by enabling the production of more 
precise and accurate dental restora-
tions [1]. Among the several mate-
rials used in CAD-CAM dentistry, 
zirconia has emerged as a popu-
lar option for aesthetically pleas-
ing crowns due to its exceptional 
mechanical properties and biocom-
patibility [2].

Using digital scanning technology, 
exact data from the patient’s mouth 
cavity is obtained and delivered 
directly to the computer system 
in CAD-CAM dentistry. This tech-
nology is a major enhancement to 
modern dentistry operations since 
it can speed up the fabrication pro-
cess and remove the requirement 
for manual labour [3]. Because the 
CAD-CAM process eliminates the 
manual handling associated with tra-
ditional systems that require physi-
cal models or materials comparable 
to plaster, it lowers the potential of 
production errors [4]. Patients are 
also more inclined to accept recom-
mended treatments including partial 
metal ceramic structures rather than 
full ceramic reconstructions since 
it offers them the best potential 
functionality and cosmetic appeal. 
Additionally, zirconia crowns may 
enhance a patient’s overall dental 
health and wellbeing [5].

On the other hand, the prop-
er functioning of a zirconia crown 
depends on precise fitting. Achiev-
ing a precise fit is essential to main-
tain the integrity of the tooth-resto-
ration interface and prevent further 
problems such as periodontal dis-
ease, dental cavities, and margin-
al leakage [6]. A zirconia crown’s 
internal and marginal fittings can be 
used to assess the crown’s fitness. 
The marginal fit indicates how pre-
cisely the restoration’s margins are 
cut, while the internal fit indicates 
how closely the restoration’s inner 
surfaces match those of the oral 
cavity. A precise marginal fit allows 

a smooth transition between the 
tooth and the restoration and stops 
leaks at the margins, while a fine 
internal fit helps to preserve struc-
tural integrity by preventing frac-
tures or dislodgement from adjoin-
ing teeth [7-8].

The development of artificial intel-
ligence (AI) has led to the develop-
ment of CAD-CAM software with 
AI assistance, which is expected 
to enhance the accuracy and effi-
ciency of zirconia crown design [9]. 
The ability of artificial intelligence 
(AI) systems to identify trends and 
analyse complex, large-scale data 
sets makes it easier to create highly 
accurate digital models and the best 
restoration plans [10-11].

However, nothing is known about 
how applying AI-assisted CAD-CAM 
software in zirconia crown manufac-
turing will actually affect the indus-
try. Furthermore, no information is 
available on the differences between 
zirconia crowns manufactured with 
AI-assisted CAD-CAM software and 
those made with traditional CAD-
CAM software in terms of internal 
and marginal fits. This review aims 
to give readers a fundamental grasp 
of the differences between zirconia 
crowns made with AI-assisted soft-
ware and those made with tradition-
al CAD-CAM software, with a par-
ticular emphasis on marginal and 
internal fit.

Materials and Methods

Research question
This review aimed to determine 

whether AI-assisted crowns made 
from CAD-CAM software are better 
designed with respect to marginal 
and internal adaptation compared 
to those made using CAD-CAM soft-
ware.

Eligibility criteria
The PECO protocol was estab-

lished according to the PRISMA 
reporting guidelines. The registra-
tion number assigned to this review 
after the PROSPERO registration 
was CRD42024578657. The target 
population was the patients who 
needed zirconia crowns in their 
mouths. This population was not 
considered specific by age, gender 
or dental condition. The exposures 
had been zirconia crowns that were 
CAD-CAM designed using either 
AI-assisted or traditional CAD-CAM 
software. A comparative evaluation 
was established for the evaluation 
of the marginal and internal fit of zir-
conia crowns designed on AI-assist-
ed CAD-CAM software compared 
to those designed by traditional 
CAD-CAM software. The primary 
outcomes from this literature review 
were the marginal and internal fit of 
the zirconia crowns. The selection 
criteria devised for the review are 
detailed in table 1. In vitro or in vivo 

Table 1. Inclusion and exclusion criteria devised for the review

Criteria Inclusion Exclusion
Study 
design In vitro or in vivo studies Review articles, case reports, 

and opinion articles

Population Patients requiring zirconia 
crowns

Studies on other types of den-
tal restorations

Exposure

Zirconia crowns designed 
using AI-assisted CAD-
CAM software or tradition-
al CAD-CAM software

Studies on other materials or 
CAD-CAM systems

Outcome Marginal and internal fit of 
zirconia crowns

Studies on other outcomes, 
such as aesthetics or mechani-
cal properties

Language English language studies Non-English language studies

Date From inception till 1st of 
September, 2024
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studies eligible were patients who 
needed zirconia crowns, especially 
when designed using AI-assisted or 
traditional CAD-CAM software. Only 
English studies which were assess-
ing the marginal and internal fit of 
zirconia crowns, from their incep-
tion until September 1, 2024, were 
considered. Review articles, case 
reports, opinion articles, other stud-
ies on different types of dental res-
torations, CAD-CAM systems or on 
outcomes like aesthetics, mechani-
cal properties, etc., were excluded.

Database search protocol
Boolean operators and MeSH 

keywords were used in our data-
base search, which was conducted 
across seven distinct databases. 
PubMed, Scopus, Web of Science, 
Cochrane Library, Embase, Pro-
Quest, and ScienceDirect were 
the databases that were searched. 
Keywords and MeSH phrases were 
combined, the specifics of which 
are provided in table 2, to create 
search strings.

Extracted variables 
In order to assure consistency and 

correctness in the obtained data, a 
standardised form was developed 
and matched this protocol with 
the research question and review 
objectives. Next, a methodical plan 
was developed for data extraction 
to collect relevant information from 
the chosen studies. After finishing a 
pilot research to validate the stand-
ardised extraction form, two trained 
reviewers separately extracted data 
from each trial. They then worked 
together to resolve any differences 
in their evaluations before entering 
the data into a spreadsheet for anal-
ysis.

Procedure for bias assessment
The QUIN method was employed 

for bias assessment [13], which 
has been modified to evaluate the 
potential for bias in in vitro dental 
trials. Two reviewers carried out 
the evaluation methodology, inde-
pendently determining each study’s 
likelihood of bias.

Results

Study selection process
314 documents were found in the 

first phase of database searches (Fig-
ure 1). Nothing additional was found 
in the registers. 46 records were 
removed out of the 274 records that 
were evaluated after 40 duplicate 
entries were found. 39 reports were 
not located out of the 228 records 
that were still being sought after. 
When the 189 retrieved publications 
were assessed for eligibility, 182 
papers were disqualified for a num-
ber of reasons: they were editorials 
(n = 18), they were off-topic (n = 29), 

they were literature reviews (n = 31), 
they were scoping reviews (n = 25), 
they were grey literature (n = 35), 
and they did not react to PECO (n 
= 44). Seven studies [14–18] in total 
were covered by the review.

Evaluated degrees of bias
Bias concerns were raised in sev-

eral studies [14, 16, 17], with issues 
in the randomization process, miss-
ing outcome data, and outcome 
measurement being the main cul-
prits (Figure 2). Only one study [15] 
was found to have a substantial risk 
of bias due to problems with miss-
ing outcome data.

Table 2. Search strings utilised across the assessed databases

Database Search string

PubMed

((“zirconia crown” OR “zirconia restoration”) AND (“CAD-
CAM” OR “computer-aided design” OR “computer-aided 
manufacturing”) AND (“artificial intelligence” OR “AI-as-
sisted” OR “machine learning”)) AND (“marginal fit” OR 
“internal fit” OR “precision fit”)

Scopus

(TITLE-ABS-KEY(“zirconia crown” OR “zirconia resto-
ration”) AND TITLE-ABS-KEY(“CAD-CAM” OR “comput-
er-aided design” OR “computer-aided manufacturing”) 
AND TITLE-ABS-KEY(“artificial intelligence” OR “AI-assist-
ed” OR “machine learning”)) AND TITLE-ABS-KEY(“mar-
ginal fit” OR “internal fit” OR “precision fit”)

Web of 
Science

(TS=(“zirconia crown” OR “zirconia restoration”) AND 
TS=(“CAD-CAM” OR “computer-aided design” OR “com-
puter-aided manufacturing”) AND TS=(“artificial intelli-
gence” OR “AI-assisted” OR “machine learning”)) AND 
TS=(“marginal fit” OR “internal fit” OR “precision fit”)

Cochrane 
Library

(“zirconia crown” OR “zirconia restoration”) AND (“CAD-
CAM” OR “computer-aided design” OR “computer-aided 
manufacturing”) AND (“artificial intelligence” OR “AI-as-
sisted” OR “machine learning”) AND (“marginal fit” OR 
“internal fit” OR “precision fit”)

Embase

(‘zirconia crown’ OR ‘zirconia restoration’ OR ‘zirconia 
crown fabrication’) AND (‘CAD-CAM’ OR ‘computer aided 
design’ OR ‘computer aided manufacturing’) AND (‘artifi-
cial intelligence’ OR ‘AI-assisted’ OR ‘machine learning’) 
AND (‘marginal fit’ OR ‘internal fit’ OR ‘precision fit’)

ProQuest

( (“zirconia crown” OR “zirconia restoration”) AND (“CAD-
CAM” OR “computer-aided design” OR “computer-aided 
manufacturing”) AND (“artificial intelligence” OR “AI-as-
sisted” OR “machine learning”)) AND (“marginal fit” OR 
“internal fit” OR “precision fit”)

ScienceDirect

(TITLE-ABS-KEY(“zirconia crown” OR “zirconia resto-
ration”) AND TITLE-ABS-KEY(“CAD-CAM” OR “comput-
er-aided design” OR “computer-aided manufacturing”) 
AND TITLE-ABS-KEY(“artificial intelligence” OR “AI-assist-
ed” OR “machine learning”)) AND TITLE-ABS-KEY(“mar-
ginal fit” OR “internal fit” OR “precision fit”)
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Figure 1. Article selection schematics for the review using the PRISMA guidelines
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Figure 2. Bias assessment using the QUIN tool

Table 3. Studies included and their observed inferences

Study Assessment 
Parameters

Comparison 
Groups

Sample 
Size

Marginal Gap 
(µm)

Internal Gap 
(µm) Key Findings

Abdullah 
et al. [14]

Fit, strength, 
and fracture 
mode

CAD-Temp, 
PEEK, Telio, 
Protemp

10 per 
group

VITA: 60.61, 
PEEK: 46.75, 
Telio: 56.10, Pro-
temp: 193.07

VITA: 124.94, 
PEEK: 113.14, 
Telio: 110.95, 
Protemp: 
143.48

CAD/CAM provision-
al crowns outper-
form direct crowns 
in terms of fit and 
strength.

Al-Atyaa 
et al. [15]

Marginal and 
internal gaps

Conventional 
(2-step, 1-step) 
and digital 
impression

8 per 
group

Group I: 60.299, 
Group II: 68.803, 
..., Group V: 
53.533

Group I: 
133.749, 
Group II: 
139.772, ..., 
Group V: 
128.439

Digital intra-oral 
impression showed 
the smallest gaps, 
with significant 
differences between 
groups and areas.

Çin et al. 
[16]

Marginal and 
internal fit

Fully digi-
tal (IOS) vs. 
semi-digital 
(EOS) work-
flows

10 per 
group

IOS: 28-42, 
EOS: 43-77

IOS: 28-42, 
EOS: 43-77

Fully digital work-
flow provided better 
fit compared to 
semi-digital work-
flow, with accept-
able gap values.

Lee et al. 
[17]

Marginal and 
internal fit

Conventional 
vs. high-speed 
sintering of zir-
conia crowns

30 per 
group

Conventional: 
419.384, High-
speed: 400.482

Convention-
al: 200.426, 
High-speed: 
194.170

High-speed sintering 
method showed 
promising results 
with smaller margin-
al gaps and internal 
fit values.

Marouki 
et al. [18]

Marginal and 
internal fit, 
internal accu-
racy

Self-glazed zir-
conia (SGZ) vs. 
milled zirconia 
(MZ) crowns

10 per 
group

Direct-view: 
SGZ > MZ (P = 
0.044)

Occlusal, inter-
nal, total mean 
distances: 
SGZ > MZ (P 
< 0.001)

SGZ crowns demon-
strated better 
internal and total fit, 
with advantages in 
marginal fit using di-
rect-view technique.
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Baseline parameters evaluated
The included studies and their 

findings are displayed in Table 3. 
The marginal gap, internal fit, and 
strength of four distinct crown 
materials were assessed in one 
study [14]. Another study [15] com-
pared the peripheral and internal 
gaps of five distinct imprint proce-
dures. Simultaneously, one investi-
gation [16] focused on the internal 
and marginal fits of two digital work-
flows. The peripheral and internal fit 
of zirconium crowns produced with 
two distinct sintering techniques 
was examined in another study [17]. 
The internal accuracy, marginal fit, 
and internal fit of two different types 
of zirconium crowns were assessed 
in another analysis [18].

Results evaluated
One study [14] reported that PEEK 
exhibited the smallest internal gap 
(113.14 ± 23.55 µm) and marginal 
gap (46.75 ± 8.26 µm) compared 
to other materials. After examin-
ing five different impression pro-
cesses, another study [15] found 
that Group V, which used polyether 
digital intraoral imprint, had the low-
est marginal gap (53.533 ± 6.44 µm) 
and internal gap (128.439 ± 6.425 
µm). Another investigation [16] 
reported that the fully digital (IOS) 
technique resulted in smaller inter-
nal and marginal gaps compared 
to the semi-digital (EOS) approach. 
There was no significant differ-
ence in the marginal and internal 
fit between high-speed and tradi-
tionally sintered zirconia crowns in 
one study [17]. Significant variations 
were observed in the marginal and 
internal fit between SGZ and MZ 
crowns, with the MZ crown demon-
strating a relatively better match in 
another study [18].

Discussion

CAD-CAM systems speed up the 
creation of design and fabrication by 
designing the individualized restora-
tive solution based on patient indi-
vidual requirements for better fit and 
longer durability and higher level of 

comfort [19-23]. Of all the materials 
produced in CAD-CAM dentistry, 
one of the most widely accepted 
materials is zirconia, mainly in the 
form of crowns, which owes this 
to excellent mechanical properties, 
such as high strength and high frac-
ture resistance [24]. Besides, good 
wear compatibility is displayed with 
opposing natural teeth. Zirconia 
displays excellent biocompatibility 
through an absence of allergic reac-
tion and adverse tissue reaction; 
therefore, there is no issue from a 
point of view of long-term use within 
the oral environment [25]. Unlike the 
conventional materials, zirconia also 
exhibits some degree of translucen-
cy which closely resembles the nat-
ural dentition structure; thus, it may 
achieve aesthetic results difficult to 
accomplish with metal-based resto-
rations [26-29]. Zirconia crowns are 
therefore very long-lasting and aes-
thetically effective, meeting all crite-
ria as far as both functionalities and 
cosmetics are concerned in current 
restorative dentistry [30].

In line with our findings, Al 
Wadei et al. [31] carried out a thor-
ough examination and found that 
3D-printed temporary crowns and 
set prostheses showed superior 
internal adjustment and edge fitting 
compared to CAD/CAM-milled and 
conventional provisional resins. Our 
evaluation’s results are consistent 
with this one, demonstrating the 
advantages of digital manufacturing 
techniques for improving restora-
tion fit.

In order to determine how well AI 
can forecast the prognosis of den-
tal implants, Wu et al. [32] carried 
out a scoping review. Even while 
their research focused on AI’s abil-
ity to predict implant prognosis 
from radiographic images or patient 
medical information, it avoided 
directly addressing the impact of 
digital manufacturing techniques 
on restorative fit. However, their 
findings suggest that AI could assist 
physicians in making deliberate 
decisions before implant implanta-
tion. This might result in better ther-
apeutic outcomes.

The application of AI-driven tech-
nologies in CAD/CAM restorative 
dentistry treatments and materials 
was compiled by Yeslam et al. [33]. 
They found that while creating den-
tal restorations, AI might automate 
and incorporate occlusal designs, 
aesthetic components, and the CAD 
choices made by prior practition-
ers. Furthermore, it has the ability to 
forecast the likelihood of debonding 
in CAD/CAM restorations and the 
impact of material type composi-
tion variations on mechanical qual-
ities. Although the study focused on 
potential benefits of AI in CAD/CAM 
workflow and material qualities, it 
did not explicitly assess how well 
AI-assisted restorations fit with con-
ventional procedures.

Tabatabaian et al. [34] evaluat-
ed the applications, functions, and 
accuracy of artificial intelligence in 
many restorative dentistry domains 
in their narrative review. The scien-
tists found that using AI models to 
detect cavities, determine margins 
for tooth preparation, design tooth 
restorations, cast metal structures, 
and identify dental restorations/
implants produced encouraging 
outcomes. Furthermore, AI showed 
promise in both tooth shade iden-
tification and the design of remov-
able partial dentures. Their study 
demonstrated how artificial intelli-
gence (AI) could improve various 
aspects of restorative dentistry, 
even though they did not compare 
the fit of AI-assisted restorations to 
traditional approaches.

In their discussion of the devel-
opment of CAD/CAM technologies 
and their impact on contemporary 
prosthodontics, Spitznagel et al. 
[35] emphasised the growing use of 
monolithic zirconia restorations as 
well as the clinical long-term success 
of bonded CAD/CAM glass-ceramic 
restorations. The benefits of CAD/
CAM technologies in guaranteeing 
a consistent production process 
were emphasised in their study. This 
results in processes for simple or 
complex teeth-supported restora-
tions that are dependable, predicta-
ble, and economical. Although they 
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did not directly compare the fit of 
CAD/CAM restorations to more con-
ventional techniques, their research 
supports the idea that digital man-
ufacturing is advantageous for con-
temporary prosthodontics.

Similar conclusions were reached 
by Abdullah et al. [14], Çin et al. 
[16], and Al-Atyaa et al. [15] about 
the ways in which digital manufac-
turing workflows and technologies 
might improve the accuracy of 
dental restorations. However, the 
papers by Lee et al., Marouki et al. 
[17], Marouki et al. [18], and Tsitrou 
et al. [20] focused on certain facets 
of the production of zirconia crowns 
or the operation of a specific CAD/
CAM system with resin compos-
ite crowns. These studies also had 
more clear goals and conclusions. 
Studies conducted by Abdullah et 
al. [14] and Paul et al. [19] discov-
ered that restorations created with 
CAD/CAM had greater fit accuracy 
than restorations created with tradi-
tional techniques. This makes a sim-
ilar case for the advantages of digital 
production techniques.

The impact of digital processes 
and impression techniques on the 
marginal and internal fit of restora-
tions was investigated by Çin et al. 
[16] and Al-Atyaa et al. [15]. Further-
more, Al-Atyaa et al. [15] assessed 
several impression techniques, 
such as digital intra-oral impression 
(Group V), whereas Çin et al. [16] 
contrasted fully digital (IOS) and 
semi-digital (EOS) workflows. It was 
found that digital methods (IOS and 
Group V) yielded a more accurate 
match than other techniques in both 
experiments. This demonstrates a 
similar conclusion about how digital 
technologies might enhance resto-
ration fitting.

Zirconia crowns were explored by 
Lee et al. [17] and Marouki et al. [18], 
although they looked at different 
aspects of their manufacturing. In 
a comparison between high-speed 
and conventional sintering, Lee et 
al. [17] found that, for single-visit 
zirconia treatment, high-speed sin-
tering produces better results with 
reduced marginal gap values. In 

their study, Marouki et al. [18] exam-
ined the fit of self-glazed zirconia 
(SGZ) crowns and contrasted it with 
a different study that looked at the 
fit of milled zirconia (MZ) crowns. 
When it came to internal and total 
fitting, the first study’s findings were 
comparable to those of the second. 
Even though zirconia crowns were 
the subject of both investigations, 
their objectives and conclusions dif-
fered.

Tsitrou et al. [20] distinguished 
themselves from earlier studies 
examining different finishing lines 
and cementation techniques by 
evaluating the marginal gap of resin 
composite crowns made with a spe-
cific CAD/CAM system (CEREC 3). 
Because the study focused on a spe-
cific material and CAD/CAM tech-
nique, its conclusions differed slight-
ly from those of the other studies.

Numerous studies that aim to 
establish appropriate limitations for 
clinical use have been conducted 
and have covered a great deal of 
ground regarding the minute and 
internal variations of dental restora-
tions [21-26]. The stated figures dif-
fer greatly depending on a number 
of variables, including the restora-
tion’s design, material composition, 
impression-making techniques, 
manufacturing procedures, and 
cementing chemicals used. Despite 
the heterogeneity across studies, 
previous research indicates that 
acceptable ranges for internal fit 
are between 100-200 µm, whereas 
those associated to marginal fit are 
between 100-250 µm [24-26].

Fit evaluation of zirconia crowns 
has been studied in great detail, 
with many studies showing promis-
ing results [16-21]. In recent years, 
CAD/CAM has grown in popularity 
[22-24]. The precision additive 3D 
gel deposition process is one way to 
create self-glazed zirconia crowns. A 
premixed solution containing mon-
omers, a cross-linking agent, and 
deionised water must first be pre-
pared in order to produce zirconia 
slurry. The printer’s computer-con-
trolled screw extruder forces the 
slurry, catalyst, and initiator out of 

the nozzle to form three-dimension-
al forms [25]. This method produces 
a tailored hierarchical structure with 
smooth and rough surfaces divided 
by pore sizes that are orientated in 
a certain direction [26-28]. Beneath 
the outermost layer of the materi-
al, which has a smaller grain size, 
are particles with bigger diameters 
[28]. While building is in progress, 
we grind the intaglio surface of the 
crown. The next step is surface 
gelation, or the formation of a gel-
like layer on top. It happens when 
organic monomers change into pol-
ymers in order to form materials that 
are macropolymeric [29]. The res-
torations are then made using the 
sintering procedure [30]. Because of 
their surface properties, which less-
en the chance of interface fractures 
between the veneering material and 
the core, these crowns are usually 
manufactured in a single piece with-
out the need for veneering or glaz-
ing [31].

Clinical recommendations
It is advised that uniform proce-

dures be established in order to 
gauge the internal and marginal fit 
of dental restorations. This will facil-
itate direct comparisons between 
various studies. The second recom-
mendation is that more clinical trials 
should be conducted to assess the 
long-term performance of zirconia 
crowns built with AI and CAD/CAM 
technology. This is because in vitro 
studies may not adequately depict 
the complexity of the oral environ-
ment. We also recommend more 
research on the effects of several 
factors, including as material charac-
teristics, manufacturing parameters, 
and worker proficiency in zirconia 
crown fitting. This may improve the 
calibre of the restoration. Further-
more, employing digital techniques 
in their work with patients, including 
as CAD/CAM systems and digital 
impression abilities, may improve 
the fit and general quality of zirconia 
crowns. But because these technol-
ogies tend to have a learning curve, 
it’s critical that those using them are 
well-trained.
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Limitations
We acknowledge the limitations 

of our systematic review. It was 
challenging to compare the studies 
side by side because each examined 
a different combination of imprint 
procedures, materials, and produc-
tion techniques. Furthermore, not all 
studies used the same sample sizes, 
methodologies, or measurement 
strategies. This might have had an 
impact on the outcomes. Our abili-
ty to draw conclusions is restricted 
by the lack of a standard technique 
for assessing internal and marginal 
fit. Furthermore, the majority of the 
studies in our analysis were con-
ducted in vitro. These might not 
offer a clear picture of how effec-
tively the fixes work in real-world 
circumstances (in vivo). Generali-
sations were also restricted by the 
small number of research that met 
all inclusion criteria.

Conclusion

Our findings indicate that resto-
rations produced with CAD/CAM 
technology, especially those utilis-
ing digital and impression methods, 
exhibited enhanced internal and 
external fitting compared to tradi-
tionally fabricated restorations. We 
examined research illustrating how 
digital technologies, including fully 
digital methods, digitally recorded 
dental impressions, and quick sin-
tering, can improve the fit of zirco-
nia crowns. We acknowledge that 
further research is required to com-
prehensively assess the long-term 
performance of AI- or CAD/CAM-de-
signed zirconia crowns in patients, 
given the discrepancies among the 
included studies and the constraints 
of in vitro investigations.



206

Prosthodontics / Prothèse Fixée

1.  Sim J.-Y., Jang Y., Kim W.-C., Kim H.-Y., Lee D.-H., Kim 
J.-H. Comparing the accuracy of models of fixed dental 
prostheses fabricated by digital and conventional 
workflows. J Prosthodont Res. 2019;63(1):25–30. 

2.  Rekow E.D. Digital dentistry: the new state of the 
art—is it disruptive or destructive? Dent. Mater. 
2020;36(1):9–24. 

3.  Sadid-Zadeh R., Katsavochristou A., Squires T., Simon 
M. Accuracy of marginal fit and axial wall contour for 
lithium disilicate crowns fabricated using three digital 
workflows. J Prosthetic Dent. 2020;123(1):121–127. 

4.  Shim J.S., Lee J.S., Lee J.Y., Choi Y.J., Shin S.W., Ryu 
J.J. Effect of software version and parameter settings 
on the marginal and internal adaptation of crowns 
fabricated with the CAD/CAM system. J. Appl. Oral 
Sci. 2015;23:515–522. 

5.  Anadioti E., Aquilino S.A., Gratton D.G., Holloway 
J.A., Denry I., Thomas G.W., et al. 3D and 2D marginal 
fit of pressed and CAD/CAM lithium disilicate crowns 
made from digital and conventional impressions. J. 
Prosthodont. 2014;23(8):610–617. 

6.  Contrepois M., Soenen A., Bartala M., Laviole O. 
Marginal adaptation of ceramic crowns: a systematic 
review. J prosthetic dent. 2013;110(6) 447-54. e10. 

7.  Tidehag P., Ottosson K., Sjögren G. Accuracy of 
ceramic restorations made using an in-office optical 
scanning technique: an in vitro study. Operat. Dent. 
2014;39(3):308–316. 

8.  Peng P.-W., Hsu C.-Y., Huang H.-Y., Chao J.-C., Lee W.-F. 
Trueness of removable partial denture frameworks 
additively manufactured with selective laser melting. 
J prosthetic dent. 2022;127(1):122–127

9.  Revilla-León M., Fountain J., Özcan M., Zandinejad A., 
et al. Workflow description of additively manufactured 
clear silicone indexes for injected provisional 
restorations: a novel technique. J. Esthetic Restor. 
Dent.: official publication of the J Esthet Restor Dent. 
2019;31(3):213–221. 

10.  Tapie L., Lebon N., Mawussi B., Duret F., Attal J.-P. 
Understanding dental CAD/CAM for restorations--
the digital workflow from a mechanical engineering 
viewpoint. Int. J. Comput. Dent. 2015;18(1):21–44. 

11.  Celik HK, Koc S, Kustarci A, Caglayan N, Rennie 
AEW. The state of additive manufacturing in dental 
research - A systematic scoping review of 2012-
2022. Heliyon. 2023 Jun 19;9(6):e17462. doi: 
10.1016/j.heliyon.2023.e17462. PMID: 37484349; 
PMCID: PMC10361388.

12.  Page MJ, Moher D, Bossuyt PM, Boutron I, Hoffmann 
TC, Mulrow CD, Shamseer L, Tetzlaff JM, Akl EA, 
Brennan SE, Chou R, Glanville J, Grimshaw JM, 
Hróbjartsson A, Lalu MM, Li T, Loder EW, Mayo-
Wilson E, McDonald S, McGuinness LA, Stewart LA, 
Thomas J, Tricco AC, Welch VA, Whiting P, McKenzie 
JE. PRISMA 2020 explanation and elaboration: 
updated guidance and exemplars for reporting 
systematic reviews. BMJ. 2021 Mar 29;372:n160. 
doi: 10.1136/bmj.n160. PMID: 33781993; PMCID: 
PMC8005925.

13.  Sheth VH, Shah NP, Jain R, Bhanushali N, Bhatnagar 
V. Development and validation of a risk-of-bias tool 
for assessing in vitro studies conducted in dentistry: 
The QUIN. J Prosthet Dent. 2024 Jun;131(6):1038-
1042. doi: 10.1016/j.prosdent.2022.05.019. Epub 
2022 Jun 23. PMID: 35752496.

14.  Abdullah AO, Tsitrou EA, Pollington S. Comparative 
in vitro evaluation of CAD/CAM vs conventional 
provisional crowns. J Appl Oral Sci. 2016 May-
Jun;24(3):258-63. doi: 10.1590/1678-775720150451. 
PMID: 27383707; PMCID: PMC5022219.

15.  Al-Atyaa Z. T, Majeed M. A. Comparative Evaluation 
of the Marginal and Internal Fitness of Monolithic 
CAD/CAM Zirconia Crowns Fabricated from 
Different Conventional Impression Techniques and 
Digital Impression Using Silicone Replica Technique 
(An in vitro study). Biomed Pharmacol J 2018;11(1). 
DOI : https://dx.doi.org/10.13005/bpj/1397

16. �Çin,�V.;�İzgi,�A.D.;�Kale,�E.;�Yilmaz,�B.�Marginal�and�
Internal Fit of Monolithic Zirconia Crowns Fabricated 
by Using Two Different CAD-CAM Workflows: An In 
Vitro Study. Prosthesis 2023, 5, 35-47. https://doi.
org/10.3390/prosthesis5010003

17.  Lee, S., Choi, G., Choi, J. et al. Effect of high-speed 
sintering on the marginal and internal fit of CAD/
CAM-fabricated monolithic zirconia crowns. Sci Rep 
13, 17215 (2023). https://doi.org/10.1038/s41598-
023-44587-5

18.  Marouki C, Shamon A, Svanborg P. Evaluation of 
fit and accuracy of single crowns fabricated from 
self-glazed zirconia compared with milled zirconia. 
J Prosthet Dent. 2024 Jun;131(6):1105-1110. doi: 
10.1016/j.prosdent.2023.02.016. Epub 2023 Mar 21. 
PMID: 36959004.

19.  Paul N, Raghavendra Swamy KN, Dhakshaini MR, 
Sowmya S, Ravi MB. Marginal and internal fit 
evaluation of conventional metal-ceramic versus 
zirconia CAD/CAM crowns. J Clin Exp Dent. 2020 
Jan 1;12(1):e31-e37. doi: 10.4317/medoral.55946. 
PMID: 31976041; PMCID: PMC6969964.

References



Meta-Analysis / Méta-analyse

IA
JD

   
V

o
l. 

16
 –

 Is
su

e 
1

207

20.  Choi H, Jo JY, Hong MH. Marginal fit of three different 
nanocomposite inlays fabricated with computer-
aided design/computer-aided manufacturing (CAD/
CAM) technology: a comparative study. J Yeungnam 
Med Sci. 2024 Apr;41(2):80-85. doi: 10.12701/
jyms.2023.00934. Epub 2024 Jan 22. Erratum in: 
J Yeungnam Med Sci. 2024 Jul;41(3):233. doi: 
10.12701/jyms.2023.00934.e1. PMID: 38247035; 
PMCID: PMC11074840.

21.  Kobayashi M, Niizuma Y, Sugai R, Manabe A. 
Influence of the Crystallization Firing Process on 
Marginal and Internal Adaptation of Silicate-based 
Glass-ceramic Inlays Fabricated With a CAD/CAM 
Chairside System. Oper Dent. 2023 Nov 1;48(6):657-
665. doi: 10.2341/22-120-L. PMID: 37882476.

22.  Vargas-Corral FG, Vargas-Corral AE, Rodríguez-
Valverde MA, Bravo M, Rosales-Leal JI. Clinical 
comparison of marginal fit of ceramic inlays 
between digital and conventional impressions. 
J Adv Prosthodont. 2024 Feb;16(1):57-65. doi: 
10.4047/jap.2024.16.1.57. Epub 2024 Feb 23. PMID: 
38455677; PMCID: PMC10917630.

23.  Sarafidou K, et al. Evaluation of marginal/internal fit 
of fixed dental prostheses after digital, conventional, 
and combination impression techniques: A 
systematic review. Eur J Oral Sci. 2022;130:e12902. 
doi: 10.1111/eos.12902.

24.  Al-Humood H, et al. Marginal fit, mechanical 
properties, and esthetic outcomes of CAD/CAM 
interim fixed dental prostheses (FDPs): A systematic 
review. Materials (Basel). 2023. doi: 10.3390/
ma16051996.

25.  Khamverdi Z, Najafrad E, Farhadian M. In vitro 
comparison of marginal and internal fit of zirconia 
copings fabricated by one CAD/CAM system with 
two different scanners. Front Dent. 2021;18(2). doi: 
10.18502/fid.v18i2.5432.

26.  Vág J, et al. Marginal and internal fit of full ceramic 
crowns milled using CADCAM systems on cadaver 
full arch scans. BMC Oral Health. 2020;20:189. doi: 
10.1186/s12903-020-01181-9.

27.  Arezoobakhsh A, Shayegh SS, Jamali Ghomi A, 
Hakimaneh SMR. Comparison of marginal and 
internal fit of 3-unit zirconia frameworks fabricated 
with CAD-CAM technology using direct and indirect 
digital scans. J Prosthet Dent. 2020;123(1):105-112. 
doi: 10.1016/j.prosdent.2018.10.023.

28.  Son K, et al. A comparison study of marginal 
and internal fit assessment methods for fixed 
dental prostheses. J Clin Med. 2019. doi: 10.3390/
jcm8060785.

29.  Garikano X, Amezua X, Iturrate M, Solaberrieta E. 
Evaluation of repeatability of different alignment 
methods to obtain digital interocclusal records: An 
in vitro study. J Prosthet Dent. 2022. doi: 10.1016/j.
prosdent.2022.07.014.

30.  O’Toole S, Osnes C, Bartlett D, Keeling A. 
Investigation into the accuracy and measurement 
methods of sequential 3D dental scan alignment. 
Dent Mater. 2019;35(3):495-500. doi: 10.1016/j.
dental.2019.01.012.

31.  Al Wadei, M.H.D.; Sayed, M.E.; Jain, S.; Aggarwal, 
A.; Alqarni, H.; Gupta, S.G.; Alqahtani, S.M.; 
Alahmari, N.M.; Alshehri, A.H.; Jain, M.; et al. 
Marginal Adaptation and Internal Fit of 3D-Printed 
Provisional Crowns and Fixed Dental Prosthesis 
Resins Compared to CAD/CAM-Milled and 
Conventional Provisional Resins: A Systematic 
Review and Meta-Analysis. Coatings 2022, 12, 1777. 
https://doi.org/10.3390/coatings12111777

32.  Wu Z, Yu X, Wang F, Xu C. Application of artificial 
intelligence in dental implant prognosis: A scoping 
review. J Dent. 2024 May;144:104924. doi: 
10.1016/j.jdent.2024.104924. Epub 2024 Mar 11. 
PMID: 38467177.

33.  Yeslam HE, Freifrau von Maltzahn N, Nassar HM. 
2024. Revolutionizing CAD/CAM-based restorative 
dental processes and materials with artificial 
intelligence: a concise narrative review. PeerJ 
12:e17793 https://doi.org/10.7717/peerj.17793

34.  Tabatabaian F, Vora SR, Mirabbasi S. Applications, 
functions, and accuracy of artificial intelligence in 
restorative dentistry: A literature review. J Esthet 
Restor Dent. 2023; 35(6): 842-859. doi:10.1111/
jerd.13079

35.  Spitznagel FA, Boldt J, Gierthmuehlen PC. CAD/CAM 
Ceramic Restorative Materials for Natural Teeth. 
Journal of Dental Research. 2018;97(10):1082-1091. 
doi:10.1177/0022034518779759


