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ARTICLEINFO ABSTRACT

Background and aim: To compare the marginal and internal adaptation of full veneer crowns cast from wax
patterns fabricated by three-dimensional printing and conventional wax-up technique employing two different
convergence angles.

Material and methods: Two metal master dies, each with a convergence angle of 6 and 12-degrees, were duplicated
24 times to obtain 48 stone dies. Twelve dies from each group were randomly chosen for conventional wax-up
(Group A) and the other twelve for the three-dimensional printed wax pattern (Group B) fabrication. Cobalt-
chromium full veneer crowns were cemented onto the dies using glass ionomer cement. The cemented crowns and
dies were sectioned in the midline buccolingually to measure the marginal and internal gaps using a
stereomicroscope and digital image analysis software (Image J). Data obtained were recorded in microns, and an
independent 't' test was used to compare quantitative parameters between categories.

Results: Group B showed a statistically significant reduction in marginal discrepancy in crowns with a 6-degree
taper (114.4 + 37.5) compared to Group A (160.4 £58.1). Group B did not demonstrate any significant difference
when the 6-degree and 12-degree tapers were compared, but Group A showed a significant improvement in marginal
and internal adaptation with the 12-degree taper.

Conclusions: For the 6-degree taper, three-dimensional printing resulted in better marginal and internal fit than
conventional wax patterns. Conventional and three-dimensional Printing offered similar accuracy within the
acceptable range for a 12-degree taper.

Article history:

Received 08 April 2024

Received in revised form 17 May 2024
Accepted 22 May 2024

Available online 29 May 2024

Keywords:

Crowns

Dental Marginal Adaptation
Three-Dimensional

1. Introduction The manual wax-up technique is sensitive and time-consuming. During

The critical step in the fabrication of a fixed restoration is the formation
of an accurate wax pattern. The marginal and internal fit of a restoration
depends on the quality of the wax pattern. The maximum marginal gap
permissible for a clinically acceptable full veneer crown is 120 pm.™
Defective margins can initiate a chain of events starting with gingival
inflammation, cement leakage, and secondary caries, ultimately resulting in
the questionable prognosis of the tooth and the restoration.”! The even
distribution of the luting cement along the axial and occlusal surface
determines the internal fit. Recommended cement space for a complete
coverage restoration is 20 to 40 um, but for clinical acceptability, the
possible range of internal fit is approximately 50 to 100 pum.™ Increased
cement space can result in increased cement thickness, leading to increased
water sorption hydrolytic breakdown of luting cement™ ¢ and eventually
affects the stability and retention of the restoration.
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the manual production procedure, removing the wax pattern from the die can
cause deformation, affecting the fit of the final restorations.[”? Also, minor
defects are challenging to identify because of the glossy nature of wax.[®
Other inherent properties of wax, such as its high coefficient of thermal
expansion and elastic memory, can adversely affect the marginal fit of final
restoration. With advancements in digital dentistry, wax pattern fabrication
has gradually shifted from conventional to digital mode. Both additive and
subtractive methods have proven to be effective. Additive manufacturing
using three-dimensional (3D) Printing saves time and labor."® @ and enables
the fabrication of high-quality complex patterns with reduced material
wastage.[) Thermoplastic materials like waxes, resins, liquid ceramics, or
fused filaments are a few of the materials that can be 3D-printed. With the
introduction of printable patterns, research on the accuracy of new digital
technologies in wax pattern production is necessary. The present study tries
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to shed light on this aspect by comparing the accuracy of fit of metal copings
cast from conventional and 3D-printed wax patterns on dies with 6-degree
and 12-degree convergence angles.

2. Material and methods

Two maxillary right first molar typhodont teeth (Confident, India) were
prepared with chamfer margin and convergence angle of 6 and 12-degrees for
fabrication of metal master dies. In order to maintain a uniform convergence
angle, tooth preparation was carried out using a handpiece mounted parallel
to the vertical arm of the surveyor (Surveyor Milling Machine, Marathon-103,
Saeyang Microtech Co., South Korea). A custom-made device was fabricated
to attach the handpiece to the surveyor (Fig. 1).

Fig. 1. The handpiece is attached to the surveyor using a custom-made device.

The maxillary typhodont jaw (Confident, India ) was fixed on the cast
holder with its base parallel to the floor. The image of a protractor printed on
an Over Head Projector (OHP) sheet is positioned on the vertical arm of the
surveyor to check for the parallelism of bur during preparation. Bur with a 3-
degree taper is held parallel to the 90-degree mark in the protractor to prepare
the tooth with a convergence angle of 6-degrees (Fig. 2).

Fig. 2. Tooth preparation with 6-degree taper.

Two lines were drawn on the OHP sheet, each 3 degrees from the 90-
degree line. The bur was held parallel to these lines to prepare the tooth with
a 12-degree convergence angle (Fig. 3). The teeth were prepared using round
end tapered fissure bur (Mani TR 12, India) to create a uniform Chamfer of
1mm. The metal master dies with 6 degrees and 12 degrees were fabricated.
Each master die was duplicated 24 times using polyvinyl siloxane impression
material (3M ESPE soft putty, 3M India) and poured with die stone
(CLASSIC TM Type IV die stone). The silicone mold was treated with a
surface tension-reducing agent (True Blue Surface wetting agent, Georg Taub
Products, U.S.A.) and dried by air before pouring the die stone. The dies were
left to set for 60 minutes, then separated from the mold and trimmed to have
a smooth base.

Fig. 3. Tooth preparation with 12-degree taper.

Conventional wax-up technique (Group A)

Twelve dies with a 6-degree convergence angle (Subgrouop A1) and
twelve with a 12-degree convergence angle (Subgroup A2) were randomly
selected from each group to receive manual wax patterns. The dies were
coated with die hardener (Renfert, GmbH, Hilzingen, Germany) and blow-
dried. The die spacer (Renfert, GmbH, Hilzingen, Germany) was applied in 3
strokes to get a 40 um even thickness on all surfaces, 1 mm from the margin.
This was followed by applying a separator (Renfert, GmbH, Hilzingen,
Germany) to remove the wax pattern from the die easily. The dies were
initially dipped in melted wax to form a coping, and then medium hard crown
wax (GEO Crowax, Renfert, GmbH, Hilzingen, Germany) was added
sequentially to build up the wax patterns.

3D printing of wax pattern (Group B)

The master die was coated with a reflecting spray (Renfert, GmbH,
Hilzingen, Germany), scanned using 3D Scanner (Open Tech 3D SRL,
ITALY) utilising a scanning software (Exoscan, Exocad DentalCAD,
Germany) to produce 3D-printed wax patterns, 12 each for dies with 6-
degrees (Subgroup B1) and 12-degree taper (Subgroup B2). The cement gap
of 40 pm thickness was set 1 mm away from the margin, similar to that of the
conventional pattern. Then, the digital design was saved as an STL (Standard
Tessellation Language) file and transferred to the wax printer (Sonic 4K Mini,
Phrozen, Taiwan). The wax patterns were then printed on one run of the wax
printer. The printed crowns were subjected to light curing for 1 minute. The
wax patterns were then cleaned and dried. A 3D-printed wax pattern was
generated and used to standardize all the conventional wax patterns with the
help of a sectioned putty index. The wax patterns were invested shortly after
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fabrication to avoid deformation. The wax patterns were spread using sprue
wax (Renfert GEO, GmbH, Hilzingen, Germany), 3 mm thick on buccal
cusps. Cobalt-chromium alloys (Scheftner Starbond CoS, Germany) were
used to cast the crowns. All crowns were identical and polished using
conventional burs, stones, rubber, and polishing wheels. The crowns and dies
were cleansed thoroughly using steam pressure bench dried and seated on
their respective dies. After visually assessing the seating, they were cemented
onto the respective dies using glass ionomer cement (GC Corporation, Tokyo,
Japan) according to the manufacturer's instructions.

The cement was mixed with an agate spatula, filling up to half of the
metal crowns, and then seated on the corresponding dies. The cement was
allowed to be set under a constant pressure of 50. Newton applied for 3
minutes using standard weights. The crowns were left on their dies for a
further 24 hours at room temperature (Fig. 4). The cemented crowns and dies
were aligned and embedded in acrylic resin and then sectioned in the midline
buccolingually by using a water jet cutter (KMT Waterjet, Germany). A stereo
microscope (LEICA S8APO, Leica Microsystems Wetzlar, Germany) with a
built-in camera was used to estimate the marginal and internal gap. A digital
image analysis system (Image J 1.43U, National Institute of Health, USA)
was then used to measure and qualitatively evaluate the cut section at six
different points, i.e., two occlusal, two axial (one on each side of the surface)
and two marginal points (Figs. 5 and 6). The values were obtained in
micrometres (um).
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Fig. 4. Cemented crown die assemblies.

Fig. 5. Stereo microscopic image showing sectioned crown die assemblies
with 6-degree taper.

Fig. 6. Stereo microscopic image showing sectioned crown die assemblies
with 12-degree taper.

3. Results

The results were tabulated, and the data were analyzed using the
computer software Statistical Package for Social Sciences (SPSS) version
20.0. Data were expressed in their mean and variance. An Independent t-test
was used to compare the marginal and internal adaptation with 6-degree and
12-degree taper. For all statistical interpretations, p<0.05 was considered the
threshold for statistical significance. There were two main groups - Group A
(conventional wax pattern, n=24) and Group B (3D-printed wax pattern,
n=24) and four subgroups- Subgroup Al (conventional wax pattern on dies
with a 6-degree taper), Subgroup A2 (conventional wax pattern on dies with
a 12-degree taper), Subgroup B1 (3D-printed wax pattern on dies with a 6-
degree taper) and Subgroup A2 (3D-printed wax patterns on dies with a 12-
degree taper). When the wax pattern fabrication techniques were compared,
the lowest mean marginal and internal discrepancy (114.4 + 37.5 and 148.8 +
50.3) were given by crowns cast from 3D-printed wax patterns on dies with
6-degrees (Subgroup B1) taper. There was a statistically significant
improvement in marginal adaptation in Subgroup B1 compared to Subgroup
Al with a 6-degree taper (Table 1). Full veneer crowns' marginal and internal
adaptation showed no significant difference with a 12-degree taper for Group
A and Group B (Table 2).
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Table 1. Marginal and Internal adaptation of full veneer crowns with 6-degree taper measured in micrometres.

Technique Mean SD N T-test P-value
Conventional technique 160.4 581 12
Marginal adaptation 3D Printing technique 2.31* 0.031
114.4 375 12
Conventional technique 194.1 67.6 12
Internal adaptation i ; 1.86 0.076
3D Printing technique 148.8 50.3 12

* significant at 0.05 level.

Table 2. Marginal and Internal adaptation of full veneer crowns with 12-degree taper measured in micrometres.

Technique Mean SD N T-test P-value
Conventional technique 979 299 12
Marginal adaptation 35 printing technique 1207 493 12 192 0.067
Conventional technique 142.4 455 12
Internal adaptation 3D Printing technique 1524 718 1 041 0.685

When the convergence angle was compared, it was found that in Group taper (Table 3). However, Group B did not demonstrate any statistically

A, the marginal and internal adaptation ( 97.9 pm and 142.4 um ) of crowns significant difference between the subgroups (Table 4). An independent t-test

with 12-degree taper (Subgroup A2) was significantly better than 6-degree was used to compare the marginal and internal adaptations between the
groups.

Table 3. Marginal adaptation and Internal adaptation of full veneer crowns cast from conventionally produced wax patterns on die with 6-degree and 12-
degree taper measured in micrometres.

Convergence angle Mean SD N T-est P-value
6-degree 160.4 58.1 12
Marginal adaptation 12-degree 979 292 12 333" 0.003
6-degree 148.8 50.3 12
Internal adaptation 12-degree 1424 455 12 29* 0.039

**significant at 0.01 level.
*significant at 0.05 level.

Table 4. Marginal adaptation and Internal adaptation of full veneer crowns cast from 3D-printed wax patterns on die with 6-degree and 12-degree taper
measured in micrometres.

Convergence angle Mean SD N T-test P-value
Marginal adaptation 6-degree 114.4 375 12
12-degree 129.7 493 12 0.86 0.399
Internal adaptation 6-degree 1941 67.6 12
0.14 0.888

12degree 152.4 718 12
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4. Discussion

The margin of a complete coverage restoration meets the finish line of
the tooth preparation in a smooth and nonobtrusive manner, ensuring a proper
fit at the interface. However, discrepancies may often creep in due to several
factors involved in the fabrication process of the restoration. These can result
in marginal discrepancies and misfits on the internal surface. The current
study's marginal gap is the vertical distance between the crown margin's most
extended point and the prepared tooth's external marginal line. The Internal
gap is the perpendicular distance between the framework and the abutment
teeth at two occlusal and incisal surfaces.[** ** The two variables influencing
the seating of the restoration in the study are the wax pattern fabrication
technique and the preparation's convergence angle. 3D wax printing
technology for fabricating metal copings appears promising as the metal
copings fabricated with this method exhibit excellent marginal fit. When the
various digital systems of wax pattern fabrication - milling, stereolithography,
and 3D Printing - were compared, 3D Printing resulted in the finest marginal
adaptation.*¥ Moreover, 3D Printing seems to be an economically viable
alternative to the other two CAD-CAM techniques. Hence, it is imperative to
explore the potential of this versatile technique of wax pattern fabrication for
casting full coverage restorations. As per the results of the study, for
preparations with low convergence angle (6-degrees), marginal and internal
gaps observed in Co-Cr crowns fabricated from 3D-printed patterns were
114.4 pm and 148.8um, and conventional patterns were 160.4 um and 194.1
pm respectively. Similar values were observed in conventionally cast wax
patterns when the effects of different luting types of cement on the marginal
fit of metal-ceramic crowns were compared to 6-degree taper, where the mean
marginal adaptation varied from 155 um to 170 um.™%! Compared to the
Conventional group, a significant reduction in marginal and internal fit was
observed in Co-Cr crowns fabricated from 3D-printed patterns. The results
were consistent with previous studies wherein three different techniques for
wax pattern fabrication were compared. Although the DMLS technique
yielded the best results, 3D Printing resulted in better marginal adaptation
than the conventional technique.™**® McLean and von Fraunhofer suggested
a clinically acceptable maximum marginal gap of 120 um.!! Moldovan et al.
approximated the values of 100 pm for marginal misfit as good and values of
200- 300 pm as acceptable.' Thus, the clinical acceptance of marginal gaps
varies across studies. Earlier research has established a positive correlation
between convergence angle and seating discrepancy of complete veneer
crown restoration.? In the current study, when the convergence angle
increased from 6 to 12-degrees, the marginal and internal discrepancy of
crowns made from conventional wax patterns showed a significant decrease
from 160.4 pm to 97.9 um and 148.8 um to 142.4 um respectively. When the
accuracy of seating of cast metal fixed partial denture on the abutment teeth
with 0-degrees, 6-degrees, 12-degrees, and 20-degrees were compared, the
reasonable marginal discrepancy was noted in the 12-degree taper with
optimum retention and resistance.?Y However, conclusive evidence cannot be
drawn as other authors reported contradictory results.’? At a 12-degree
convergence angle, when the marginal fit of 3D-printed, CAD CAM, and
conventional wax patterns were compared, 3D-printed patterns produced an
improved marginal fit for the final restoration compared to the conventional
technique.?®! The 3D-printed cast pattern crowns in the current research did
not exhibit any significant differences in marginal and internal fit even with
12-degree taper, suggesting the accuracy of the material and the technique of
3D Printing. The elimination of human error in this additive technology
resulted in consistent results proving the reliability of the technique. The
material used for pattern fabrication should have zero or minimal expansion
and high mechanical properties to prevent distortion during the investment

setting and burn without residue. Even supported bridges with 3D-printed
wax patterns resulted in superior marginal fit compared to conventional hand
waxing techniques before and after porcelain firings.?? The inherent
inaccuracy and repeatability of the scanner and, therefore, the tolerance of the
CAD-CAM instrumentation and the 3D printer can introduce errors resulting
in compromised restorative outcomes.?® This study showed that for crowns
with 6-degree taper, crowns fabricated from 3D-printed wax patterns showed
more accuracy. However, with an increase in convergence angle, both
conventional and 3D-printed groups showed similar accuracy, and there was
no statistically significant difference between the two groups. Hence, it can
be concluded that 3D-printed wax patterns produce metal crowns with
consistent accuracy of fit even at 6 and 12 degrees taper.

Limitations

The results of this research need further validation as no comparative
evaluation of marginal accuracy was done before and after cementation.
Thermocycling of the cemented restorations has not been done before
assessing the marginal and internal fit, as it can influence the longevity of the
restoration. Various parameters to obtain confirmative and consistent
estimates of the marginal and internal discrepancy of the novel 3D printed
technology need further research.

5. Conclusion

For the conventional group, the marginal and internal adaptation of the
full veneer crown increases with an increase in convergence angle.
Meanwhile, for the 3D-printed group, the marginal and internal adaptation of
the full veneer crown decreases with an increase in convergence angle.
However, the result was not statistically significant. The following
conclusions were drawn from the study:

1. For a 6-degree convergence angle, 3D Printing resulted in a statistically
significant reduction in marginal and internal discrepancy compared to
conventional wax patterns.

2. For a 12-degree convergence angle, the marginal and internal
discrepancy between conventional and 3D Printing falls within an acceptable
range with no statistically significant difference.

Conflict of Interest
The authors declared that there is no conflict of interest.

Acknowledgments
This research received no specific grant from any funding agency in the
public, commercial, or not-for-profit sectors.

References

[1] Jw M. The estimation of cement film thickness by an in vivo technique.
Brdentj. 1971;131:107-11.

[2] Walton JN, Gardner FM, Agar JR. A survey of crown and fixed partial
denture failures: length of service and reasons for replacement. The
Journal of prosthetic dentistry. 1986;56(4):416-21.
https://doi.org/10.1016/0022-3913(86)90379-3.

[3] Vojdani MA, Torabi KA, Farjood EB, Khaledi AA. Comparison the
marginal and internal fit of metal copings cast from wax patterns
fabricated by CAD/CAM and conventional wax up techniques. Journal of
Dentistry. 2013;14(3):118-29.

[4] Fransson B, @ilo G, Gjeitanger R. The fit of metal-ceramic crowns, a
clinical study. Dental Materials. 1985;1(5):197-9.
https://doi.org/10.1016/S0109-5641(85)80019-1.



54 INTERNATIONAL JOURNAL OF SCENTIFIC RESEARCH IN DENTAL AND MEDICAL SCIENCES 6 (2024) 49-54

[5] Silva NR, De Souza GM, Coelho PG, Stappert CF, Clark EA, Rekow ED,
et al. Effect of water storage time and composite cement thickness on
fatigue of a glass - ceramic trilayer system. Journal of Biomedical
Materials Research Part B: Applied Biomaterials. 2008;84(1):117-23.
https://doi.org/10.1002/jbm.b.30851.

[6] Dysed H, Ruyter IE. Composites for use in posterior teeth: mechanical
properties tested under dry and wet conditions. Journal of biomedical
materials research. 1986;20(2):261-71.
https://doi.org/10.1002/jbm.820200214.

[7] Abduo J, Lyons K, Swain M. Fit of zirconia fixed partial denture: a
systematic review. Journal of oral rehabilitation. 2010;37(11):866-76.
https://doi.org/10.1111/j.1365-2842.2010.02113.x.

[8] Homsy FR, Ozcan M, Khoury M, Majzoub ZA. Comparison of fit
accuracy of pressed lithium disilicate inlays fabricated from wax or resin
patterns with conventional and CAD-CAM technologies. The Journal of
prosthetic dentistry. 2018;120(4):530-6.
https://doi.org/10.1016/j.prosdent.2018.04.006.

[9] Sun J, Zhang FQ. The application of rapid prototyping in prosthodontics.
Journal of Prosthodontics: Implant, Esthetic and Reconstructive
Dentistry. 2012;21(8):641-4. https://doi.org/10.1111/j.1532-
849X.2012.00888.x.

[10] Witkowski S. (CAD-)/CAM in dental technology. Quintessence of
Dental Technology (QDT). 2005;28:169.

[11] Jockusch J, Ozcan M. Additive manufacturing of dental polymers: An
overview on processes, materials and applications. Dental materials
journal. 2020;39(3):345-54. https://doi.org/10.4012/dm;j.2019-123.

[12] Wettstein F, Sailer I, Roos M, Hammerle CH. Clinical study of the
internal gaps of zirconia and metal frameworks for fixed partial dentures.
European  journal ~ of oral  sciences.  2008;116(3):272-9.
https://doi.org/10.1111/j.1600-0722.2008.00527 .X.

[13] Kokubo Y, Nagayama Y, Tsumita M, Ohkubo C, Fukushima S, von
Steyern PV. Clinical marginal and internal gaps of In - Ceram crowns
fabricated using the GN - | system. Journal of Oral Rehabilitation.
2005;32(10):753-8. https://doi.org/10.1111/j.1365-2842.2005.01506.X.

[14] Khaledi AA, Farzin M, Akhlaghian M, Pardis S, Mir N. Evaluation of
the marginal fit of metal copings fabricated by using 3 different CAD-
CAM techniques: Milling, stereolithography, and 3D wax printer. The
Journal of prosthetic dentistry. 2020;124(1):81-6.
https://doi.org/10.1016/j.prosdent.2019.09.002.

[15] de Almeida JG, Guedes CG, Abi - Rached FD, Trindade FZ, Fonseca
RG. Marginal Fit of Metal - Ceramic Copings: Effect of Luting Cements
and Tooth Preparation Design. Journal of Prosthodontics.
2019;28(1):€265-70. https://doi.org/10.1111/jopr.12685.

[16] Arora A, Yadav A, Upadhyaya V, Jain P, Verma M. Comparison of
marginal and internal adaptation of copings fabricated from three different
fabrication techniques: An: in vitro: study. The Journal of Indian
Prosthodontic Society. 2018;18(2):102-7.
https://doi.org/10.4103/jips.jips_327_17.

[17] Bhaskaran E, Azhagarasan NS, Miglani S, llango T, Krishna GP,
Gajapathi B. Comparative evaluation of marginal and internal gap of Co—
Cr copings fabricated from conventional wax pattern, 3D printed resin
pattern and DMLS tech: an in vitro study. The Journal of Indian
Prosthodontic Society. 2013:189-95. https://doi.org/10.1007/s13191-013-
0283-5.

[18] Fathi HM, Al-Masoody AH, EI-Ghezawi N, Johnson A. The Accuracy
of Fit of Crowns Made From Wax Patterns Produced Conventionally

(Hand Formed) and Via CAD/CAM Technology. Eur J Prosthodont
Restor Dent. 2016 Mar;24(1):10-7. PMID: 27039473.

[19] Moldovan O, Rudolph H, Quaas S, Bornemann G, Luthardt RG. Internal
and external fit of CAM-made zirconia bridge frameworks-a pilotstudy.
Deutsche Zahnarztliche Zeitschrift. 2006;61(1):38-42.

[20] Chan DC, Wilson Jr AH, Barbe P, Cronin Jr RJ, Chung C, Chung K.
Effect of preparation convergence on retention and seating discrepancy of
complete veneer crowns. Journal of oral rehabilitation. 2004;31(10):1007-
13. https://doi.org/10.1111/j.1365-2842.2004.01376.X.

[21] Kharat SS, Tatikonda A, Raina S, Gubrellay P, Gupta N, Asopa SJ. In
vitro evaluation of the accuracy of seating cast metal fixed partial denture
on the abutment teeth with varying degree of convergence angle. Journal
of Clinical and Diagnostic Research: JCDR. 2015;9(7):ZC56-60.
https://doi.org/10.7860/JCDR/2015/13155.6206.

[22] Ranjan Tushar, Shetty G, Gangaiah M, Revanna R. Comparative
Evaluation of Marginal Accuracy In CAD\CAM Milled, Laser Sintered
And Cast Metal Copings With Varying Degree of Convergence Angle of
Abutments: An In Vitro Study. Journal of Prosthodontics Dentistry.
2020;15 (2): 8-23.

[23] Alnedewy A, Alnajar B. Evaluation of Marginal Fit of Metal Core
Fabricated by 3D Printing technique, milled wax/lost wax technique and
Conventional lost wax technique. Evaluation. 2023;46(03):7859-66.

[24] Giti R, Farrahi P. Marginal fit of 3-unit implant-supported fixed partial
dentures: Influence of pattern fabrication method and repeated porcelain
firings. Plos one. 2024;19(4):e0301799.
https://doi.org/10.1371/journal.pone.0301799.

[25] Aldahian N, Khan R, Mustafa M, Vohra F, Alrahlah A. Influence of
conventional, CAD-CAM, and 3D printing fabrication techniques on the
marginal integrity and surface roughness and wear of interim crowns.
Applied Sciences. 2021;11(19):8964.
https://doi.org/10.3390/app11198964.

How to Cite this Article: Puvvadi K, Janardanan K, Karunakaran HK,
Rajagopal R, Nair VVV, Shajahan A. Effect of Wax Pattern Fabrication
Technique and Convergence Angle of the Preparation on the Accuracy
of Full VVeneer Metal Crowns: An in Vitro Study. International Journal
of Scientific Research in Dental and Medical Sciences. 2024;6(2):49-
54. https://doi.org/10.30485/1JSRDMS.2024.451295.1574.



https://doi.org/10.3390/app11198964

