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Abstract 

 Objectives: This study focused on comparing the marginal fit of crowns made of zirconia and 

lithium disilicate, using two types of preparation designs (vertical feather edge, horizontal 

shoulder) for both cemented and non-cemented situations. Methods and Materials: Forty 

maxillary premolars (all extracted) were randomly assigned to one of two groups based on 

material type: Lithium Disilicate (Group A) and Monolithic Zirconia (Group B). Within each 

of these groups, the teeth were further divided into two subgroups based on margin design: 

Feather Edge and Shoulder Preparation Designs (n=10). All specimens had standardized 

preparations performed with the aid of a modified dental surveyor, followed by digital scans. 

For the Crown (s) & Processes created by ExoCad and constructed via Pressing Technique 

(Lithium Disilicate) and Milling Technique (Zirconia), the preparation margins were evaluated 

pre -& Post Cementation via digital microscopy at 40x magnification at each Specimens 

Marked 16 Standardized locations using ImageJ Software. All standardized evaluations were 

subjected to: Two-Way ANOVA, Tukey HSD, AND Paired 't-test' statistical analyses. 

Results: After cementation all groups exhibited more of a marginal gap. The groups with 

vertical preparations A1 and B1 had a significantly less marginal gap compared to groups with 

horizontal preparations A2 and B2 prior to and following cementation. Group A1 had the least 

amount of gap and therefore exhibited a more favorable marginal adaptation of the lithium 

disilicate when using a vertical preparation than did groups A2, B1, and B2. There were 

significant differences between groups according to statistical analysis (p < 0.05). Conclusion 

(Principal Designer): The marginal adaptation of vertically prepared edges (feather 

edge/preparation) compared to horizontally prepared (shoulder) edges produced significant 

differences; this was regardless of which type or class of ceramic material used. The findings 

indicate that by using minimally invasive vertical preparation techniques; the longevity of 

restorations and their fit can be greatly enhanced. 

Keywords:Marginal adaptation, vertical preparation, shoulder preparation, lithium disilicate, 

zirconia, crown. 
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Materials and Methods 

 

Teeth randomization and grouping 
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Prosthetic procedures 

. This 

reduction was verified for each specimen 

using depth-orientation grooves and 

confirmed using a digital calliper with an 

accuracy of ±0.01 mm. The 
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   Digital impressions were created with a 

scanner (I700) using CAD software (Exocad 

V3.2) to produce three-dimensional (3D) 

images of each prepared tooth, following the 

guidelines provided. The restorations were 

then designed based on the measurements 

for the crowns, which could be feather edge 

or shoulder margin. Feather edge crowns 

will have 1.5 mm of thickness at the occlusal 

surface, 0.8 mm of thickness at the axial 

surface, and 0.3 mm of thickness at the 

margin. Shoulder margins will have 1.5 mm 

of thickness at the occlusal surface, 1.3 mm 

of thickness at the axial surface, and 0.8 mm 

of thickness at the margin. 

   Crowns were created in a Programmat 

P310 furnace from pressable lithium 

disilicate (IPS e.max ingots; Ivoclar) by 

placing multiple oxygen atmospheres of 

crystallized lithium disilicate at 840C for 20 

minutes,then polished and glazed for use. 

The crown was made of Zirconia (IPS e.max 

ZirCAD prime; Ivoclar), which was 

produced dry milled with a 5-axis milling 

machine (In-Laboratory SX 900 pro; Arum 

Dentistry), and subsequently sintered in a 

high temp (Dekema 674i) temperature 

furnace. During sintering, the temperature 

was increased at a rate of 3-4C / hr to 1541C 

over 8 hours.  

   Restorations were treated before bonding 

by sandblasting with an air powered sand-

blasting machine (Renfert, Germany) 

(Particle size: 50μm-alumina (Al2O3)) 

under 1 bar pressure) from 10mm away from 

the restoration for approximately 15 seconds 

at a 45 degree angle (i.e., so that the surfaces 

of the restorations were roughened) to allow 

them to adhere. (Nasir 2023). 
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The Two-Way ANOVA results 

showed a statistically significant difference 

in the vertical gap between the groups, both 

before cementation (F = 282.32, p < 0.001) 

and after cementation (F = 296.67, p < 

0.001). These results indicate that the 

preparation design (Vertical vs. Horizontal) 

has a significant effect on the marginal gap 

both before and after cementation. However, 

the material type (Lithium vs. Zirconia) had 
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a marginal effect after cementation but not 

before. Additionally, the interaction between 

preparation design and material type was not 

significant in either case. (Tables 2 and 3). 

 

   Premolar teeth were chosen because of 

their simpler anatomical structure (simpler 

root and crown structure) compared to 

molars, and the frequent extraction of 

healthy premolars for orthodontic reasons 

makes them more accessible and easier to 

standardize in research. Additionally, their 

size and uniformity aid in creating consistent 

test samples (Fráter, Sáry et al. 2022(. 
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   All preparation steps were conducted using 

a modified dental surveyor to standardize 

and reduce variables during preparation, 

including the design of the finish line, the 

degree of axial wall taper, and the path of 

insertion (Kocaağaoğlu, Kılınç and Albayrak 

2017). 

   Both zirconia and lithium disilicate were 

chosen as the crown material when doing 

this study because they are becoming 

frequently used materials for dental 

prosthetics. Lithium disilicate is considered 

to provide good aesthetics and an 

appropriate amount of strength for anterior 

restorations. Zirconia has also exhibited 

biocompatibility and high fracture 

toughness.  

  In recent times, minimally invasive 

approaches have gained great popularity, 

including the use of feather edge finish lines; 

these techniques are performed with the 

intent of conserving as much tooth structure 

as possible while also preserving the 

structural integrity and durability of 

restorations (Alex 2019; Zarone, Di Mauro 

et al. 2019; Adabo, Longhini et al. 2023). 

   In the past, shoulder and chamfer finish 

lines were typically considered to be 

superior in terms of aesthetically pleasing 

restorations because they provide the best 

support for the restoration. Unfortunately, 

both of these techniques require a significant 

amount of tooth structure to be removed. As 

a result, the two methods need to be 

compared in order to provide an 

understanding of the relationship between 

tooth preservation and marginal fit (Findakly 

and Jasim 2019, Mugri, Dewan et al. 2023, 

Noè, Toffoli et al. 2023, Ashour, El-Kateb 

and Azer 2024). 

   Different methods have been employed to 

assess the marginal vertical gap: a direct 

optical method using a microscope, micro-

ct, impression-made replicative technique, 

cross-section method and projective 

achieved by use of profile projectors 

(Sumanth, Poovani or Sonnahalli 2020). A 

digital microscope was used for evaluating 

both the marginal fit of restoration 

restoratives used in this study. Digital 

microscopes are useful in a non-destructive 

way because of their high degree of 

viewability and functionality. Therefore, 

they were selected to assess the fit between 

prosthetic restoration margins and their 

margins. In this way, digital microscopy is 

not only direct and does not result in the 
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destruction of either a restoration specimen 

or its physical location, but they can be 

utilised within the scope of routine dental 

practices as well as being the primary 

documented form of measuring the vertical 

gap between restorations 

(Abdullah/Ibraheem 2017, Mahdi/Majeed 

2019, Wahsh/Taha 2020), 

(Abdulazeez/Majeed 2021, Elalfy/Shetawey 

or Alassar 2024).  

   In this research, the magnification of 40x 

has been previously utilized in the research 

studies on the marginal dissimilarity of 

restorations due to its ability to maintain a 

greater range of sight while at the same time 

producing marginal dissimilarities (Dauti et 

al. 2016; Cvikl et al. 2016; Sumanth et al. 

2020; Poovani et al. 2020; Sonnahalli et al. 

2020; Elalfy et al. 2024; Shetawey et al. 

2024; Alassar et al. 2024).   

   The results of the currently executed 

research study clearly support the hypothesis 

that there is a significant difference between 

vertical and horizontal preparation designs 

when comparing marginal fit. The research 

data analysed indicate that vertical 

preparations (feather-edge) have far fewer 

gaps around the margins than horizontal 

preparations (shoulder) prior to and 

following placement of either lithium 

disilicate or zirconia crowns. This can be 

attributed to the following reasons: 
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   Feather-edge design yields a larger amount 

of marginal adaptation compared with 

shoulder design regardless of materials used. 

Nevertheless, all the tested groups would be 

clinically acceptable following 

cementation.Future studies must be 

conducted to evaluate whether these results 

are replicable with similar findings across 

other clinical settings. 
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Table 1: Descriptive statistics of the vertical marginal gap in (μm) before and after cementation 

for the four groups. 

Group Before Cementation After Cementation 

 

Min Max Mean SD Min Max Mean SD 

A1 17.584 23.491 20.193 1.848 24.584 30.491 27.493 1.721 

A2 33.856 44.088 38.637 3.408 46.975 55.288 50.943 2.890 

B1 15.354 27.075 21.324 3.667 28.000 36.075 32.023 2.508 

B2 29.945 49.887 38.624 6.163 41.145 61.251 51.252 6.761 
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Table 2: Two-way ANOVA Results for comparison of the marginal Gap Before Cementation 

Variable df Sum of 

Squares 

Mean 

Square 

F-

value 

p-

value 

Preparation Design 1 3345.42 3345.42 234.86 <0.001 

Material Type 1 8.19 8.19 0.57 0.453 

Interaction (Preparation Design × 

Material Type) 

1 0.23 0.23 0.02 0.899 

Residual 36 512.79 14.24 - - 

 

 

Table 3: Two-way ANOVA results for comparison of the marginal Gap after Cementation 

Variable df Sum of 

Squares 

Mean 

Square 

F-

value 

p-

value 

Preparation Design 1 4661.02 4661.02 303.98 <0.001 

Material Type 1 47.08 47.08 3.07 0.088 

Interaction (Preparation Design × 

Material Type) 

1 34.61 34.61 2.26 0.142 

Residual 36 551.99 15.33 - - 
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Table 4: Tukey HSD Post-Hoc Test Results for multiple comparisons between different groups 

before cementation. 

Group 

Comparison 

Mean Difference 

(μm) 

p-value Significant? 95% Confidence 

Interval 

A1 vs. A2 -18.44 <0.001 
Yes 

(-23.44, -13.44) 

A1 vs. B1 -1.13 0.787 
No 

(-6.13, 3.87) 

A1 vs. B2 -18.43 <0.001 
Yes 

(-23.43, -13.43) 

A2 vs. B1 17.31 <0.001 
Yes 

(12.31, 22.31) 

A2 vs. B2 0.01 1.000 
No 

(-4.99, 5.01) 

B1 vs. B2 -17.30 <0.001 Yes (-22.30, -12.30) 

 

Table 5: Tukey HSD Post-Hoc Test Results for multiple comparisons between different groups 

after cementation. 

Group 

Comparison 

Mean Difference 

(μm) 

p-value Significant? 95% Confidence 

Interval 

A1 vs. A2 -23.45 <0.001 Yes (-28.24, -18.66) 

A1 vs. B1 -4.53 0.070 No (-9.32, 0.26) 

A1 vs. B2 -23.76 <0.001 
Yes 

(-28.55, -18.97) 

A2 vs. B1 18.92 <0.001 Yes (14.13, 23.71) 

A2 vs. B2 -0.31 0.998 No (-5.10, 4.48) 

B1 vs. B2 -19.23 <0.001 Yes (-24.02, -14.44) 
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Table 6: Paired t-test results for each group Pre- vs. Post-Cementation 

Groups Mean 

Pre-Cem 

Mean 

Post-Cem 

Mean 

Difference 

(Post-Pre) 

df p-

value 

95% CI of 

Difference 

Significant? 

A1 20.19 27.49 +7.30 9 <0.001 (6.08, 8.52) Yes 

A2 38.64 50.94 +12.30 9 <0.001 (10.42, 14.18) Yes 

B1 21.32 32.02 +10.70 9 <0.001 (8.55, 12.85) Yes 

B2 38.62 51.25 +12.63 9 
<0.001 (9.45, 15.81) Yes 
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Figure 1: Sample distribution 

 

 

 

 

 

 

 

 

Figure 2: The modified dental surveyor 
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Figure 3: Preparation designs of this study; vertical preparation (a and b), and horizontal 

preparation (c and d). 

 

 

 

 

 

 

 

Figure 4: Marginal gap measurement (A):  measurement Points. (B): 40x Digital microscope. 
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Figure 5: Digital microscopic image for a marginal gap of (A) feather edge design, (B) shoulder 

design. 

 

 

 

 

 

 

 

 

 

 

Figure 6: Bar chart showing the mean values of the marginal gap in (μm) of the four groups pre- 

and post-cementation. 
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