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ABSTRACT

Both ceramics and metal are widely used as a material of choice for dental tissue restoration. However, metal-free ones
provide higher aesthetic and adaptive performance. In addition, it was studied out that last years have comprehended a
dramatic upsurge in the patients' non-metallic materials demand, occasionally induced by metal-phobia or alleged allergies.
The research aims to improve the effectiveness of treatment of patients with defects using ceramic restorations in hard
dental tissues. We have treated 60 patients using metal-free restorations made by pressing and milling (2 groups both with
30 patients). For results analysis we used several criteria (accuracy of fit of the restoration, color matching, probability of
a cement connection loss, the presence of chips of the restoration in the oral cavity) and counted statistics probability of
groups comparisons. We discovered several advantages of milled restorations in adhesion to dental tissues and color
matching. Hence, it is highly recommended to use metal-free constructions for the prosthetic restoration of hard tooth

tissues.
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Introduction

Metal ceramic crowns have a 94% success rate over Ten
years. Still, metal-framed ceramics do not provide optimal
aesthetics and accuracy [1, 2] compared to all-ceramic
restorations [3], biocompatibility, and soft tissue interaction,
which has led to the clinical preference for all-ceramic
restorations, especially in the anterior tooth group [4-9]. The
long-term success of ceramic restorations is highly
dependent on marginal and intrinsic precision [10]. An
increase in the marginal gap accelerates the process of
cement dissolution and micro-cooling, which can lead to the
development of hypersensitivity, secondary caries and
pulpitis, and the appearance of pigmentation along the
transition line. In addition, there is a possibility of
periodontal tissue inflammation due to the growth of the
subgingival microbial biofilm and changes in its qualitative
composition [11].

Pressed ceramics is one of the most popular restoration
systems. It is easy to manufacture and has excellent marginal
accuracy, transparency, good mechanical properties, low
shrinkage, lower porosity, and less brittleness than
conventional feldspar ceramics [12]. The first generation of
heat-pressed ceramics includes IPS Empress, replaced by
IPS e.max Press (lithium disilicate glass-ceramic tablet for
the pressing technique), which does not have the
disadvantages of its predecessor [13].

The outstanding quality of soft tissue reaction is the most
vital point of LS2. In vitro, this material unveils high levels
of biocompatibility, not only due to low plaque retention but
also to the adhesion and propagation of human epithelial
cells [14] and human gingival fibroblasts [15], particularly

when its surface is polished [1]. Even when the endodontic
prognosis is unfortunate, the all-ceramic restorations have a
good adaptation [16]. A successful therapeutic solution for
endodontically treated posterior teeth approved another 3-
year randomized trial that LS2 partial crowns can be used as
premolar or molars, and with or without the use of fiber posts
[17].

Lithium disilicate blocks are available for clinical CAD /
CAM systems, allowing one-visit manufacturing of
restorations using intraoral optical imaging and in-office
milling. Theoretically, there is no dimensional deformation
of the denture base, which is why milling is considered the
most reproducible technique [18]. After the grinding, the
pre-crystallized crowns must be subjected to a high-
temperature crystallization process to achieve their final
strength [19]. The CAD crowns have been shown to exhibit
high fracture resistance, suitable for posterior, monolithic
restorations [20], and more resistant to fatigue in cyclic
loading than veneered zirconia, which is more prone to
chipping [20, 21].

The study aims to improve the efficiency of orthopedic
treatment of patients with hard defects using metal-free
restorations and developing an algorithm for choosing a
particular technology depending on the clinical situation and
determining its effect on the size of the marginal gap of the
restoration.

Materials and Methods
We have examined and treated 60 patients at the Department

of Prosthetic Dentistry of Sechenov University and the
private clinic "Nanostom™ from 2018 to 2021. There have
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been 40 women and 20 men aged 25-45 years among the
patients, and the average age was 34.5 + 5.6 years. The
leading diagnosis was K02.1, "Caries extending into
dentin." We identified unsuccessful fillings in the teeth area,
requiring replacement for restoration — an onlay, a crown,
and an endocrown.

The study randomly assigned the patients to conduct two
groups of 30 people.

Group 1 consisted of patients (10 men and 20 women) who
underwent tooth restoration involving metal-free
restorations made with the pressing method.

Group 2 included patients (10 men and 20 women) who
underwent tooth restoration with metal-free restorations
manufactured using the milling method.

In our study, we used several research methods:
Measurement of the thickness of fit checkers to determine
the accuracy of the restoration's fit;

1. Replica (copy) technique;

2. X-ray research methods (direct bite images);

3. Analysis of dental photographs.

When analyzing the results of the restorations, we relied on
the following criteria, some of which were coded using a
point scoring system for ease of calculation:

1. Accuracy of fit of the restoration (in microns, with the
satisfactory result being a gap of fewer than 80 microns),
we measured the absolute values using a micrometer;

2. Color matching (Vita scale; Points: 0 — conformity, 1
— incomplete conformity, 2 — inconsistency);

3. Probability of a cement connection loss (Points: 0 — no,
1— yes);

4. The presence of chips (Points: 0 — no chips, 1 — small
chips of the restoration in the oral cavity).

Results and Discussion

Based on our study results and evaluation criteria analysis, a
statistically significant difference in the ratio of the
adherence of the restoration to the tooth tissues. The
advantage by about 10 microns was on the side of milled
onlays, crowns, or endocrowns compared to the pressed
ones.

The color matching of the restoration was significantly more
accurate in milled metal-free restorations than in the pressed
ones (p <0.05).

The probability of a cement connection loss in pressed
metal-free restorations was higher than in the milled ones.
However, the difference was not statistically significant (p >
0.05), which was confirmed by the analysis of 4-field tables
and the chi-square value.

We determined the presence of chips both at the stage of
making metal-free restorations and in the oral cavity during

fixation and chewing. We considered the latter the most
significant for clinical practice and assessing the results.
Thus, at the manufacturing stage, the strength was
predominantly higher in pressed metal-free restorations;
however, during fixation and chewing processes, a smaller
number of chips, as well as their complete absence, was
determined in milled metal-free restorations (p < 0.05).
However, this was not confirmed by statistical analysis.

Minimally invasive preparation for the dental structure's
maximum conservation is considered the golden standard of
teeth restoration, as restoration's fracture risk correlates with
the extent of invasion while preparing a tooth [22]. The
endocrowns with the design concept orientated towards the
restoration of the damaged issues are getting more popular
advantages of their preservation of most of the hard dental
tissues, a decrease of the need in supporting retention
geometry, and both time and money-saving due to the
smaller number of procedures. Furthermore, the dental
CAD/CAM-systems elaboration provides new means of a
construction in-office and an automatic production of all the
ceramic restorations, especially the ceramic endocrowns that
combine both the crown and the core.

According to the systematic review R. A. Al-Dabbagh and
co-authors [23], in seven studies, the endocrowns and the
traditional crowns were compared in terms of fracture
resistance and frequency of catastrophic inconsistency: the
first research was dedicated to incisors, the fourth one to
premolars and the second one to molars. In addition, the first
marginal study of the adaptation of the endocrowns to the
premolars' tissues was assessed [24]. As reported by the
results of the analysis of the incisors, fracture strength for the
polymeric ceramics endocrowns and the traditional doesn't
differ significantly (869 + 247,8 H and 580,0 + 295,4 H).
However, the frequency of catastrophic inconsistency of the
endocrowns was 100% in comparison to the traditional
crowns, for which it was 0% [25]. A similar situation
occurred while comparing the ceramic endocrowns from
lithium disilicate and the traditional crowns, for which
fracture resistance didn’t differ statistically (915,9 + 182,1 H
and 646,8 H respectively) and the frequency of catastrophic
inconsistency was 85% and 0%.

Our agreement research results show that the frequency of
catastrophic inconsistency has not gone beyond 10% for all
types of restorations, regardless of the method they were
made.

Nonetheless, no significant differences were found between
the two fabrication methods regarding the marginal
discrepancy or mechanical performance (MD) [26-28]. The
CAD-CAM and hot-press techniques for producing
monolithic lithium disilicate crowns produced MD values of
less than 120 pm, within the clinically acceptable range [26].

In addition, the long-term outcome of the all-ceramic
restorations was unfortunate due to the high clinical fail rate,
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as is observed by Merlind Becker [29]. In contrast, in another
research [30], the chairside lithium disilicate glass-ceramic
exhibited a high survival rate [31] after four years in function
and were shown to be a viable and reliable treatment option
for posterior teeth.

Even though the ceramic restorations made by milling show
better accuracy and aesthetic characteristics in the research
we conducted, it is was investigated that press-ceramic
restorations have a better adaptation [32]. Moreover, the
pressed lithium-disilicate monolithic crowns have better
fatigue performance and internal fit [33] than CAD/CAM
milled crowns, especially when treated with self-etching
ceramic primer [34].

On the other hand, according to the following study [35], the
smoother, more homogeneous tooth topography (<0.05) in
comparison to the pressing technique was achieved through
the milling.

Conclusion

When it is necessary to restore hard tooth tissues with an
onlay, crown, or endocrown, it is highly recommended to use
metal-free constructions to achieve a good aesthetic result
with an adequate restoration of function.

According to the clinical study results, there were several
advantages of the metal-free restorations made with the
milling method compared to the pressing method. Those
included better adhesion of the restoration, more precise
color matching, and overall better quality of the structure in
the oral cavity. These advantages make it possible to
recommend using milled metal-free restorations in the
presence of clear boundaries in the preparation area. In case
ofb "torn" borders in the preparation area, it is preferable to
use pressed metal-free restorations.

Acknowledgments: We want to thank our University and
colleagues. Work is supported with program 'Prioritet-2030.'

Conflict of interest: None
Financial support: None

Ethics statement: The study was approved by the local
Ethics Committee of Sechenov University (10/12/2019, No
of protocol 3-2019).

References

1. Zarone F, Di Mauro MI, Ausiello P, Ruggiero G,
Sorrentino R. Current status on lithium disilicate and
zirconia: a narrative review. BMC Oral Health.
2019;19(1):134. d0i:10.1186/s12903-019-0838-x

2. Paul N, Swamy KR, Dhakshaini MR, Sowmya S, Ravi
MB. Marginal and internal fit evaluation of

10.

11.

12.

13.

conventional metal-ceramic ~ versus  zirconia
CAD/CAM crowns. J Clin Exp Dent. 2020;12(1):e31-
e7.doi:10.4317/jced.55946

Greta DC, Gasparik C, Colosi HA, Dudea D. Color
matching of full ceramic versus metal-ceramic crowns
- a spectrophotometric study. Med Pharm Rep.
2020;93(1):89-96. doi:10.15386/mpr-1330
Abdel-Azim T, Rogers K, Elathamna E, Zandinejad A,
Metz M, Morton D. Comparison of the marginal fit of
lithium disilicate crowns fabricated with CAD/CAM
technology by using conventional impressions and two
intraoral  digital scanners. J Prosthet Dent.
2015;114(4):554-9.
doi:10.1016/j.prosdent.2015.04.001

Alsaffar BH, Daghistani DK, Alshakhouri MH, Algarni
AA, Al Ghamdi MS, Adnan A, et al. Review on Fixed
Prosthesis and its Influence on Periodontal Health,
Literature Review. Int J Pharm Res Allied Sci.
2021;10(3):89-93. doi:10.51847/ggh8FgXXhv
Hiltunen K, Mantyla P, Vehkalahti MM. Age-and
Time-Related Trends in Oral Health Care for Patients
Aged 60 Years and Older in 2007-2017 in Public Oral
Health Services in Helsinki, Finland. Int Dent J.
2021;71(4):321-7. doi:10.1016/j.identj.2020.12.006.
Devi K, Khan FR. Microleakage comparison in
temporary restorative materials in complex endodontic
cavity. Int Dent J. 2021;71:540-1.
doi:10.1016/j.identj.2021.08.023.

Broers DL, Dubois L, de Lange J, Su N, de Jongh A.
Reasons for tooth removal in adults: a systematic
review. Int Dent J. 2022;72(1):52-7.
doi:10.1016/j.identj.2021.01.011.

Grira I, Ayari N, Gassara Y, Moussa AB, Harzallah B,
Cherif M. Adhesive rehabilitation of a severely worn
dentition: a case report. Int Dent J. 2021;71(2):S41.
d0i:10.1016/j.identj.2021.08.024.

Grenade C, De Pauw-Gillet MC, Pirard C, Bertrand V,
Charlier C, Vanheusden A, et al. Biocompatibility of
polymer-infiltrated-ceramic-network (PICN) materials
with Human Gingival Keratinocytes (HGKs). Dent
Mater. 2017;33(3):333-43.
doi:10.1016/j.dental.2016.06.020

Korkut L, Cotert HS, Kurtulmus H. Marginal, internal
fit and microleakage of zirconia infrastructures: an in-
vitro  study. Oper Dent.  2011;36(1):72-9.
d0i:10.2341/10-107-LR1

Cho SH, Nagy WW, Goodman JT, Solomon E, Koike
M. The effect of multiple firings on the marginal
integrity of pressable ceramic single crowns. J Prosthet
Dent. 2012;107(1):17-23. d0i:10.1016/S0022-
3913(12)60011-0

Neves FD, Prado CJ, Prudente MS, Carneiro TA,
Zancopé K, Davi LR, et al. Micro-computed
tomography evaluation of marginal fit of lithium
disilicate crowns fabricated by using chairside
CADI/CAM systems or the heat-pressing technique. J
Prosthet Dent. 2014;112(5):1134-40.
d0i:10.1016/j.prosdent.2014.04.028

Annals of Dental Specialty Vol. 9; Issue 4. Oct — Dec 2021| 0]



Urusov et al.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Forster A, Ungvari K, Gyérgyey A, Kukovecz A, Turzé
K, Nagy K. Human epithelial tissue culture study on
restorative materials. J Dent. 2014;42(1):7-14.
doi:10.1016/j.jdent.2013.11.008

Tete S, Zizzari VL, Borelli B, De Colli M, Zara S,
Sorrentino R, et al. Proliferation and adhesion
capability of human gingival fibroblasts onto zirconia,
lithium disilicate and feldspathic veneering ceramic in
vitro. Dent Mater J. 2014;33(1):7-15.
d0i:10.4012/dmj.2013-185

Alshawwa H, Wang JF, Liu M, Sun SF. Successful
management of a tooth with endodontic-periodontal
lesion: A case report. World J Clin Cases.
2020;8(20):5049-56. doi:10.12998/wjcc.v8.i20.5049
Ferrari M, Cagidiaco EF, Goracci C, Sorrentino R,
Zarone F, Grandini S, et al. Posterior partial crowns out
of lithium disilicate (LS2) with or without posts: A
randomized controlled prospective clinical trial with a
3-year follow up. J Dent. 2019;83:12-7.
doi:10.1016/j.jdent.2019.01.004

Lee S, Hong SJ, Paek J, Pae A, Kwon KR, Noh K.
Comparing accuracy of denture bases fabricated by
injection molding, CAD/CAM milling, and rapid
prototyping  method. J  Adv  Prosthodont.
2019;11(1):55-64. doi:10.4047/jap.2019.11.1.55
Anadioti E, Aquilino SA, Gratton DG, Holloway JA,
Denry I, Thomas GW, 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):610-7.
doi:10.1111/jopr.12180

Furtado de Mendonca A, Shahmoradi M, Gouvéa CV,
De Souza GM, Ellakwa A. Microstructural and
mechanical characterization of CAD/CAM materials
for monolithic dental restorations. J Prosthodont.
2019;28(2):e587-94. doi:10.1111/jopr.12964

Pecheva A, Georgiev K, Tsanova S, Raycheva R. A
comparative in vitro study evaluating the marginal
adaptation of zirconium computer-aided
design/computer-aided manufacture and press-ceramic
Veneers. Folia Med. 2020;62(3):546-52.
doi:10.3897/folmed.62.e49708

Blunck U, Fischer S, Hajt6 J, Frei S, Frankenberger R.
Ceramic laminate veneers: effect of preparation design
and ceramic thickness on fracture resistance and
marginal quality in vitro. Clin Oral Investig.
2020;24(8):2745-54. d0i:10.1007/s00784-019-03136-z
Al-Dabbagh RA. Survival and success of endocrowns:
A systematic review and meta-analysis. J Prosthet Dent.
2021;125(3):415-e1.
doi:10.1016/j.prosdent.2020.01.011

Bindl A, Mormann WH. Marginal and internal fit of all-
ceramic CAD/CAM crown-copings on chamfer
preparations. J Oral Rehabil. 2005;32(6):441-7.
doi:10.1111/j.1365-2842.2005.01446.x

Al-Shibri S, Elguindy J. Fracture resistance of
endodontically treated teeth restored with lithium
disilicate crowns retained with fiber posts compared to
lithium disilicate and cerasmart endocrowns: in vitro

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

study. Dentistry. 2017;7(12):464. doi:10.4172/2161-
1122.1000464

Dolev E, Bitterman Y, Meirowitz A. Comparison of
marginal fit between CAD-CAM and hot-press lithium
disilicate crowns. J Prosthet Dent. 2019;121(1):124-8.
doi:10.1016/j.prosdent.2018.03.035

Haddadi Y, Bahrami G, Isidor F. Accuracy of crowns
based on digital intraoral scanning compared to
conventional impression—a split-mouth randomised
clinical study. Clin Oral Investig. 2019;23(11):4043-
50. doi:10.1007/s00784-019-02840-0.

Sampaio FB, Ozcan M, Gimenez TC, Moreira MS,
Tedesco TK, Morimoto S. Effects of manufacturing
methods on the survival rate of ceramic and indirect
composite restorations: A systematic review and meta-
analysis. J Esthet Restor Dent. 2019;31(6):561-71.
doi:10.1111/jerd.12555

Becker M, Chaar MS, Garling A, Kern M. Fifteen-year
outcome of posterior all-ceramic inlay-retained fixed
dental  prostheses. J Dent. 2019;89:103174.
doi:10.1016/j.jdent.2019.07.012

Aziz A, El-Mowafy O, Tenenbaum HC, Lawrence HP,
Shokati B. Clinical performance of chairside
monolithic lithium disilicate glass-ceramic CAD-CAM
crowns. J Esthet Restor Dent. 2019;31(6):613-9.
doi:10.1111/jerd.12531

Aziz A, EI-Mowafy O, Paredes S. Clinical outcomes of
lithium disilicate glass-ceramic crowns fabricated with
CAD/CAM technology: A systematic review. Dent
Med Probl. 2020;57(2):197-206.
d0i:10.17219/dmp/115522

Aboushelib MN, Elmahy WA, Ghazy MH. Internal
adaptation, marginal accuracy and microleakage of a
pressable versus a machinable ceramic laminate
veneers. J Dent. 2012;40(8):670-7.
d0i:10.1016/j.jdent.2012.04.019

Homsy F, Bottin M, Ozcan M, Majzoub Z. Fit accuracy
of pressed and milled lithium disilicate inlays fabricated
from conventional impressions or a laboratory-based
digital workflow. Eur J Prosthodont Restor Dent.
2019;27(1):18-25. doi:10.1922/ejprd_01828homsy08
Schestatsky R, Zucuni CP, Venturini AB, de Lima
Burgo TA, Bacchi A, Valandro LF, et al. CAD-CAM
milled versus pressed lithium-disilicate monolithic
crowns adhesively cemented after distinct surface
treatments: fatigue performance and ceramic surface
characteristics. J Mech Behav Biomed Mater.
2019;94:144-54. doi:10.1016/j.jmbbm.2019.03.005
Schestatsky R, Zucuni CP, Dapieve KS, Burgo TA,
Spazzin AO, Bacchi A, et al. Microstructure,
topography, surface roughness, fractal dimension,
internal and marginal adaptation of pressed and milled
lithium-disilicate monolithic restorations. J
Prosthodont Res. 2019;64(1):12-9.
doi:10.1016/j.jpor.2019.05.004

Annals of Dental Specialty Vol. 9; Issue 4. Oct — Dec 2021| Jsx



