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Abstract 
Background: Knife edge, chamfer, and shoulder are the three distinct finish-
ing lines utilized in crown preparations. Each finishing line has relative bene-
fits and drawbacks. However, not much scientific data exists regarding which 
of these finishing lines will leave the most amount of residual dentine coron-
ally on maxillary lateral incisors and mandibular incisors. Objective: To as-
sess the coronal residual dentine thickness after different cervical finishing 
lines for anterior crown preparations. Materials and Methods: A prospective 
comparative study was conducted including mandibular incisors and maxil-
lary laterals that were taken from subjects from 18 to 30 years old. Teeth in 
each of the three groups were randomly separated into three cervical margin 
preparation groups: knife edge, chamfer and shoulder. The teeth were then 
prepared for single crown coverage using these finishing lines. The teeth were 
sectioned halfway through the crown preparation, and a digital caliper was 
used to determine the residual dentine thickness at the buccal, lingual, mesial 
and distal areas. The Tukey test was used for mean comparison, and ANOVA 
analysis was used to evaluate the variation in mean residual dentine thickness. 
Results: For upper lateral incisors, knife edge finishing lines showed the 
highest amount of remaining dentine thickness—1.5 mm. lingually, while the 
upper lateral incisors mesially had the least amount of 0.53 mm for shoulder 
finishing lines. The least residual dentine (0.53 mm for the shoulder and 0.70 
mm for the chamfer finishing line) was found in the interproximal portions 
of all the teeth that were selected. Lower central incisors had the least amount 
of residual dentine 0.61 mm for shoulder preparations mesially whiles lower 
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lateral incisors had the least amount of residual dentine for shoulder prepara-
tions 0.58 mm distally. There was a statistically significant difference of 0.001 
across the groups. Conclusion: The thickness of residual dentine seen coro-
nally after the three finishing line preparations showed a statistically signifi-
cant difference and the knife edge finishing line provided enough coronal 
protection within the scope of this study.  
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1. Introduction 

The residual dentine has been known to play a significant role in protecting the 
pulp after crown preparations as well as in cavity preparations. It has been well 
documented that a reduced amount of residual dentine has led to devitalization 
of the pulp following crown preparation because there is less protection from 
restorative chemicals, bacteria heat and restorative events. [1] [2] The mean 
thickness of residual dentine has been changing over the years. [3] Stanley et al. 
[4] and Chandler et al. [5] advocated for a residual dentine thickness of 2 mm 
whiles Pameijer et al. [6] noticed that a mean residual thickness of 1 mm was 
enough to protect the pulp from restorative chemicals like glass ionomer ce-
ment. Devitalization of the pulp was seen in their study to be inevitable when the 
residual dentine is less than 1 mm. [6] Borelli et al. [7] in their study measuring 
residual dentine thickness for lower central incisors, lower lateral incisors and 
lower canines demonstrated that lower central incisors with shoulder prepara-
tions can have a mean residual dentine thickness of 0.64 mm mesially which is 
lower than the recommended amount by Chandler et al. [5] and Pameijer et al. 
[6] Teeth with less residual dentine are also more susceptible to fracture and do 
not bond as strongly to luting cements because they have higher exudation of 
dentinal fluids and less intertubular dentine which bonds better to luting ce-
ments. [3] 

Research has shown that when the residual dentine thickness is decreased 
during crown preparation, the pulp is more susceptible to serious damage 
caused by restorative events. [8] [9]. The smallest teeth in the arch like the cen-
tral and lateral incisors of the mandible as well as the lateral incisors of the max-
illa may require full coverage crowns for various reasons. The amount of resi-
dual dentine after preparation of these small crowns may be less than the well 
documented amount of 2 mm which is known to be protective of the pulp. [10] 

Different finishing lines have been used in the provision of all ceramic crowns. 
Standard crown preparations have been well documented for the different fi-
nishing lines. After these reductions the residual dentine at the different sides of 
the tooth especially in the smallest teeth in the arch is not known. 
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This paper’s goal was to use a digital caliper to measure the thickness of resi-
dual dentine of the coronal half of a crown prepared tooth on the mesial, distal, 
lingual, and buccal sides of the mandibular central and lateral incisors as well as 
the maxillary lateral incisors after tooth preparation with shoulder, chamfer, and 
knife edge finishing lines. Additionally, to assess the variations in dentine thick-
ness that remain after tooth preparation on the mesial, distal, lingual, and buccal 
sides of the mandibular central and lateral incisors as well as the maxillary lateral 
incisors using finishing lines such as the knife edge, chamfer, and shoulder.  

2. Materials and Methods 

The Korle-Bu Teaching Hospital’s institutional review board was consulted to 
obtain ethical permission. (IRB-KBTH/00026/2022) This prospective compari-
son study was conducted at the University of Ghana Dental School’s Phantom 
head simulation laboratory from September 2, 2022, to November 5, 2022. 135 
extracted teeth from the University of Ghana Dental School’s tooth bank made 
up the study sample. The teeth belonged to adults between the ages of 18 and 30 
and were whole adult teeth with fused apexes and no fractures. 

2.1. Data Collection 

Using loops that magnified each tooth by 3.5 and a light source, the teeth were 
divided into the various tooth types namely mandibular central and lateral inci-
sors and maxillary lateral incisors based on their morphology. Each type of tooth 
was then kept separately in Eppendorf bottles containing 10% formalin. Every 
tooth was X-rayed in both the buccolingual and mesiodistal directions, and only 
those teeth that met the inclusion requirements were kept. Using a simple sam-
ple technique, each tooth type was split into three groups at random to prepare 
the three cervical margin finishing kinds (shoulder, chamfer, and knife edge). A 
graphite pencil was used to label each tooth at the cemento-enamel junction. 
The graphite pencil was used by Bharathi et al. [11] in their study to mark bone 
during cranioplasty and they noticed that the markings were not washed away 
with body fluids and lasted till the end of the procedure. Using a digital caliper, 
the buccolingually and mesiodistally crown width 0.5 mm above the cervical 
margin, as well as the crown height buccolingually and mesiodistally from the 
cementoenamel junction, were measured. With the use of a separating disc, two 
thirds of each tooth’s root was sectioned off. This was done in order to shorten 
the tooth so that it would fit into the phantom head’s socket and enable acrylic 
to be used in place of the root. Using silicone putty, silicone indexes were 
created. The first index was sectioned mesiodistally, and the second index was 
formed longitudinally along the tooth’s long axis. The lingual and labial portions 
of a third index were created. This index’s gingival and incisal halves made up its 
buccal half.  

As indicated in Table 1 below, the three separate tooth preparations were 
completed in accordance with the minimal standard preparation criteria. 
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Table 1. Displays the amount of tooth substance removed (mm) from the study sample at different locations. 

 
Tooth third 

Incisal 
Middle Cervical 

Tooth area Buccal Interproximal Lingual Buccal Interproximal Lingual 

FINISHING LINES 

SHOULDER 1.5 1.5 1.2 1.5 1.2 1 1 

CHAMFER 1.5 1.2 1 1.2 0.8 0.6 0.6 

KNIFE EDGE 1.5 1.2 0.8 1.2 0.1 0.1 0.1 

 
With the use of a digital caliper, University of North Carolina (UNC) probe, 

and silicone indexes, reductions were carried out and confirmed. After tooth 
preparation, the teeth were marked using a graphite marker halfway up the 
preparation. The teeth were sectioned perpendicularly to the long axis at the co-
ronal level which had been marked. A 0.3 mm thin disc was used to minimize 
the amount of residual dentine lost during sectioning as has been done in vari-
ous studies. [12] [13] The mesial (AMco), distal (ADco), lingual (ALco) and 
buccal (ABco) sides from the preparation surface to the surface of the pulp 
chamber was then measured. 

2.2. Data Management and Analysis 

For statistical analysis, the data was directly entered into an Excel work sheet, 
cleaned, and exported into SPSS version 25. The means and standard deviations 
were used to provide a descriptive summary of the remaining dentine thickness. 
The statistical significance of the difference in mean residual dentine thickness 
between the various finishing lines at each location in each tooth type was eva-
luated using a one-way analysis of variance (ANOVA). Pairwise mean compari-
son (means of any two groups) was performed using the Tukey test. P < 0.05 was 
designated as the level of statistical significance. 

3. Results 

A total of 135 teeth were prepared, 45 of which were the mandibular lateral in-
cisors, maxillary lateral incisors, and mandibular central incisors. 

As shown in Table 2 below the teeth were measured to get the thickness of 
enamel and dentine at the different areas of the upper lateral’s, lower centrals, 
and lower laterals. The means for the enamel-dentine thickness for upper laterals 
mesially at the coronal section was 1.73 mm for teeth on which shoulder, cham-
fer and knife edge preparations were to be done. Distally at the coronal level the 
means for the enamel dentine thickness for upper laterals and lower centrals was 
1.90 and 1.91 for shoulder and chamfer respectively and 1.95 mm for those on 
which knife edge was to be done. It showed that the mean values for the different 
types of teeth to be used for each tooth preparation was within a similar range. 

Table 3 below shows shoulder preparations had less residual dentine thick-
ness compared to chamfer preparations at all four preparation areas for upper 
lateral teeth and lower centrals. Knife edge preparations had the most amount of  
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Table 2. Mean values (mm) and standard deviations (SDs) of computed enamel dentin thickness before preparations coronally. 

Measurement 

Group Mandibular teeth Finish Line 

Computed mean enamel-dentine thickness before preparations (mm ± SD) 

Mesial 
Mco 

Distal 
Dco 

Lingual 
Lco 

Buccal 
Bco 

1 

Upper Laterals 

Shoulder 1.73 ± 0.39 1.90 ± 0.13 2.80 ± 0.32 2.81 ± 0.34 

2 Chamfer 1.73 ± 0.35 1.91 ± 0.22 2.66 ± 0.21 2.82 ± 0.30 

3 Knife Edge 1.73 ± 0.19 1.95 ± 0.27 2.70 ± 0.30 2.71 ± 0.24 

4 

Lower Centrals 

Shoulder 1.82 ± 0.11 1.83 ± 0.08 2.65 ± 0.25 2.51 ± 0.19 

5 Chamfer 1.80 ± 0.17 1.97 ± 0.26 2.77 ± 0.12 2.57 ± 0.12 

6 Knife Edge 1.82 ± 0.16 1.87 ± 0.19 2.78 ± 0.30 2.59 ± 0.20 

7 

Lower Laterals 

Shoulder 1.87 ± 0.08 1.78 ± 0.20 2.71 ± 0.30 2.82 ± 0.32 

8 Chamfer 1.80 ± 0.17 1.70 ± 0.10 2.75 ± 0.20 2.63 ± 0.22 

9 Knife Edge 1.80 ± 0.24 1.85 ± 0.29 2.57 ± 0.36 2.67 ± 0.25 

 
Table 3. Mean values (mm) and standard deviation (SDs) of residual dentin thickness after preparations coronally. 

Group Mandibular teeth Finish Line 

Mean residual dentine thickness after preparations coronally (mm ± SD) 

Mesial 
(AMco) 

Distal 
(ADco) 

Lingual 
(Alco) 

Buccal 
(ABco) 

1 

Upper Laterals 

Shoulder 0.53 ± 0.39 0.70 ± 0.13 1.30 ± 0.33 1.32 ± 0.34 

2 Chamfer 0.73 ± 0.36 0.92 ± 0.22 1.47 ± 0.21 1.62 ± 0.30 

3 Knife Edge 0.93 ± 0.19 1.15 ± 0.27 1.50 ± 0.30 1.51 ± 0.24 

4 

Lower Centrals 

Shoulder 0.61 ± 0.11 0.63 ± 0.08 1.15 ± 0.25 1.02 ± 0.18 

5 Chamfer 0.80 ± 0.17 0.97 ± 0.26 1.57 ± 0.12 1.37 ± 0.12 

6 Knife Edge 1.02 ± 0.16 1.07 ± 0.19 1.58 ± 0.30 1.39 ± 0.20 

7 

Lower Laterals 

Shoulder 0.67 ± 0.08 0.58 ± 0.20 1.22 ± 0.30 1.32 ± 0.32 

8 Chamfer 0.80 ± 0.17 0.70 ± 0.10 1.55 ± 0.98 1.43 ± 0.22 

9 Knife Edge 1.00 ± 0.25 1.05 ± 0.29 1.37 ± 0.36 1.47 ± 0.25 

  P-value 0.001 0.001 0.001 0.001 

 
residual dentin at all four sides for lower centrals. Statistically significant differ-
ences. Chamfer preparations showed more residual dentine thickness than 
shoulder and knife edge preparations with mean residual dentine thickness of 
1.62 mm buccally for upper laterals, and lingually for lower laterals. The stan-
dard deviations remained relatively the same between the before and after prep-
arations.  

4. Discussion 

In this study, after preparations of upper lateral incisors, the knife edge finishing 
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line coronally showed the most amount of residual dentine mesially, distally, 
lingually and buccally. Whiles shoulder preparations showed the least amount of 
residual dentine. The same trend was seen coronally in preparations for lower 
central and lower lateral teeth. Lower lateral teeth in this sub-region could be 
smaller due to racial dimorphism than what was seen in a Caucasian population 
as was seen in the study by Borelli et al. [7] Sheid et al. [14], in a study averaging 
measurements on 4572 extracted teeth obtained from patients who attended 
Ohio state university college of dentistry from 1974 to 1979 showed that there 
are disparities across races in the shape and size of some teeth. This can explain 
why after preparations for shoulder, chamfer and knife edge the thickness of re-
sidual dentine was smaller than the afore mentioned studies. Knife edge prepa-
rations in this study still had less than the 2 mm advocated for by Murray et al. 
[15] and Stanley et al. [6] which they suggested was the amount of residual den-
tine needed to fully protect the pulp. This study therefore indicates that for knife 
edge preparations since the amount of residual dentine mesially for upper lateral 
teeth at the coronal level is at 0.93 mm, Pulpal damage is most likely to start 
from the mesial section of upper lateral incisors with knife edge finishing lines 
coronally. Lower central and lower lateral teeth with knife edge preparations will 
be protected from the adverse effects of glass ionomer cements because the resi-
dual dentine thickness found on these teeth with knife edge preparations was 
more than the 1 mm thickness suggested by Pameijer et al. [6] In shoulder and 
chamfer preparations in upper lateral and lower central teeth in this study, the 
residual dentine thickness mesially was seen to be less compared to the other 
three sides. In lower lateral teeth however, the distal residual dentine thickness 
coronally was thinner than the mesial for shoulder and chamfer preparations. 

Sheid et al. [14] found two shallow developmental depressions mesially on 
48% of 793 mandibular central incisors, and on 51% of 787 mandibular lateral 
incisors, with that for lower central incisors slightly deeper. 

The presence of these depressions in averagely about 50 percent of lower cen-
tral and lateral incisors can be the reason why after preparations for all three fi-
nishing lines, lower central incisors had a reduced amount of residual dentine 
left at the mesial surfaces compared to the distal sides.  

This indicates that the amount of enamel and dentine at the mesial sides of 
lower central incisors were less than the distal sides so if the same amount of 
enamel and dentine is removed during preparations the amount left at the me-
sial sides will be less than that at the distal end. 

When the minimum recommended amounts of enamel and dentine were re-
moved from the mesial sides of shoulder and chamfer preparations in upper lat-
eral and lower central teeth the amount of residual dentine left was less than 1 
mm for these two teeth.  

This study therefore indicates that pulpal damage most likely will start from 
the mesial sides of upper lateral and lower central teeth with shoulder and 
chamfer preparations coronally but will start at the distal parts of lower lateral 
teeth in teeth prepared with these same finishing lines coronally. The SPSS anal-

https://doi.org/10.4236/ojst.2023.1312037


N. F. Adu-Ampomah et al. 
 

 

DOI: 10.4236/ojst.2023.1312037 448 Open Journal of Stomatology 
 

ysis for the mesial, distal, lingual and buccal after the preparation coronally 
showed a statistically significant difference across the mesial, distal, buccal prep-
arations but had a statistically insignificant difference against the lingual prepa-
rations. This was similar to that seen in the study by Borelli et al. [7] The pair-
wise Tukey’s analysis showed that all the different sides of each preparation type 
had a statistically significant difference against all the other preparation types.  

5. Conclusions 

It was evident that the finishing line, knife edge was more conservative of tooth 
structure coronally. 

Even though knife edge preparations showed the most amount of residual 
dentine thickness on all sides of the preparations compared to shoulder and 
chamfer preparations the least amount of residual dentine was seen at the mesial 
sides of these knife edge preparations for all three types of teeth coronally. 

The mesial sides of upper lateral incisors were therefore seen to be critical in 
knife edge preparations as potentially the structural and biologic integrity of 
these teeth can potentially be interfered with from this side. Knife edge prepara-
tions on lower lateral incisors and lower central incisors were seen to be protec-
tive of the pulp because the amount of residual dentine found on all sides of the 
teeth coronally was more than 1 mm. 

6. Limitations 

Chromatic and anatomical variations in teeth could bring about errors.  
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