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ABSTRACT 
Purpose: To evaluate tooth preparation for full ve- 
neer cast restorations performed by final year dental 
students in Sudan. Materials and Methods: 117 stone 
dies from two different dental institutions were col- 
lected and evaluated. Polyvinylsilioxane impression 
material was used to produce two impressive replicas 
of which one was sectioned in faciolingual plane and 
the other in mesiodistal plane. Occlusal clearance was 
measured using a digital caliper. Amount of axial pre- 
paration was also measured. Impression silhouettes 
that were produced using an overhead projector were 
used to measure convergence angle. Working casts 
were examined for smoothness and evenness of the 
preparations, existence or absence of additional fea- 
tures of retention and the finishing line were eva- 
luated for its position and continuity. All obtained 
data were statistically analyzed by using T-test, ANO- 
VA, and Pearson Chi square tests. P-values ≤ 0.05 
were considered as statistically significant. Results: 
Average taper of the examined preparations was 
39.98˚, with 44.1˚ in the faciolingual, and 35.8˚ in the 
mesiodistal dimensions. Preparations for full cover- 
age restorations were over prepared. 38.5% of the 
total number of preparations were found to have fi- 
nishing lines in the sub and supra gingival positions. 
19.66% were unable to maintain continuity of the 
finishing line all around the preparation. All prepa- 
rations were generally smooth with no sharp angles, 
and 1.7% of the preparations had additional retentive 
features. Conclusion: Within the limitations of this 
study, it could be concluded that the convergence an- 
gle and finishing line preparations were less than 
adequate in a sizeable proportion of the preparations 

examined. 
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1. INTRODUCTION 
Proper tooth preparation is fundamental for accomplish-
ing successful fixed partial denture work. Tooth prepara-
tion designs are governed by biological, mechanical and 
aesthetic principles. Strict clinical guidelines are empha-
sized in dental literature, but little information is availa-
ble on how well these guidelines are followed [1]. The 
quality of preparation for extra coronal restorations is 
affected by occlusal reduction, axial reduction, taper, 
finishing line and undercuts in axial walls [2]. Goodacre 
et al. reviewed guidelines for scientific preparation and 
suggested nine scientific principles to guide the prepara-
tion [2]. It was suggested that 10˚ - 20˚ as an ideal total 
occlusal convergence angle. The minimal occluso-cervi- 
cal dimension for 10˚ - 20˚ occlusal convergence is sug-
gested to be 3 mm for incisors and premolars, and 4 mm 
for molars. Axial and occlusal reductions are 0.5 mm and 
1 mm deep respectively for all metal, 1 mm and 2 mm 
respectively, for metal ceramic and all semi-translucent 
ceramic systems [2]. Despite strict clinical guidelines set 
for tooth preparation, laboratory technicians are still fac-
ing challenges in this respect. Error in tooth preparation 
was set as a second laboratory challenge directly after 
inadequate impression [3]. The continuation of the tooth 
preparation problems over a long time is astonishing, and 
the repetition of the same defects in spite of the records 
is questionable. It could be that these skills are difficult 
to learn or there is a lack of credit hours in teaching this *Corresponding author. 

OPEN ACCESS 

http://dx.doi.org/10.4236/ojst.2014.42008
http://www.scirp.org/journal/ojst/
mailto:neamat@yahoo.com
mailto:nhabubakr@uofk.edu


N. El-Mubarak et al. / Open Journal of Stomatology 4 (2014) 43-48 44 

subject, or maybe there is no proper communication be-
tween the dentist and laboratory technician. This prob-  
lem has been the subject of several investigations which 
evaluated tooth preparation to see how much it is far 
from the ideal. These studies targeted preparations done 
by dental students [1,4-18], teaching staff [15], general 
practitioners [7-9,15,19], residents [4,20] and prostho-
dontists [7,8,20], and different results have been reported. 
Most previous studies focused on one aspect of tooth 
preparations mainly taper [4-9,11,12,14-16,18,20,21], 
and few studies incorporated other aspects of tooth prep-
aration in addition to taper [1,13,17,22]. Most of these 
studies were carried out in North America, Europe and 
Asia. Very little information is available concerning the 
ability of dentists in Africa to prepare teeth for full cast 
restorations [8]. There are many studies which followed 
the performance of dental students in tooth preparation 
for fixed prosthodontics during their pre-clinical course 
[23,24] and efforts for accurate evaluation of their prec-
linical work were done [25,26]. 

The aim of this study is to evaluate the quality of tooth 
preparation for full veneer casting restorations performed 
by dental students in their final school year in Sudan. 

2. MATERIALS AND METHODS 
Two universities were selected for inclusion in this study. 
One was governmental and the other was private or non- 
governmental. For the purpose of this study, approval 
was obtained from the two universities and the local re-
search committee, but no special instructions that would 
differ from that for routine clinical procedures were giv-
en to either staff or students. The preparations were eva-
luated using casts and dies which were used only for the 
purpose of the present study. The samples from both in- 
stitutions were considered as one sample and no attempts 
were made to merit or demerit preparations of either pri-
vate or governmental institutions. Consent was obtained 
from the patients to include their dental casts in this 
study. 

One hundred and seventeen working casts of the teeth 
prepared by final year dental students in the two dental 
schools were obtained. Each study cast and its working 
cast were marked by the same number, by using red 
marker for working cast and blue one for study cast. 

For each preparation an impression was obtained. Im-
pressions were made by using polyvinyl siloxane (Vir-
tual/fast set/Ivoclar Vivadent AG, Schaan/Liechtenstein) 
loaded in perforated sectional trays. Polyvinyl siloxane 
putty material was loaded on the tray and adapted care-
fully over the appropriate site on the study cast. After 
setting, the putty impression was removed and trimmed 
carefully to fit precisely on the same location in the 
working cast. Light body (wash) impression material was 

then injected in the putty mould and an impression of the 
working cast was made.  

To ensure proper seating of the study cast impressions 
on the working casts, red and green lines were made in 
certain anatomical landmarks i.e. labial and buccal frae-
nae of the study casts impressions and on the working 
casts. Proper seating of each impression on the working 
cast was ensured by the proper alignment of these two 
lines (Figure 1). 

The impression making procedure was done twice for 
each study and working casts and then one silicone rep-
lica was sectioned faciolingually (FL) and the other me-
siodistally (MD) in the mid axial plane (Figure 2). 

Measurements for the taper were done by using a pro-
jector and transparent papers, projected images were pro- 
duced. For each preparation, one sectioned replica was 
used to produce FL image and the other used to produce 
MD image. On the projected image two lines of oppos-
ing walls were drawn until they met together and the MD 
and FL convergence angles were then measured with a 
protractor. 

The average taper equals: FL MD
2
+  

The anterior incisal reduction, occlusal reduction for  
 

 
Figure 1. Seating of the study cast impression on the working 
cast (shown by the arrows). 
 

 
Figure 2. Silicone replica of a 
molar after sectioning. 
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molar and premolar (working cusp, non-working cusp 
and central fossa) and axial reduction (buccal, lingual, 
mesial and distal) were measured directly on the impres-
sion replica by using a digital caliber. The working casts 
were also used to examine the finishing line continuity, 
position i.e. supra or subgingival and the smoothness and 
evenness of the preparations. A simple three point as-
sessment scale of smoothness was used (good/moderate/ 
poor). The presence of additional retentive features was 
also noted i.e. if it was present or not. All these mea-
surements were done by one investigator and randomly 
rechecked by another investigator. The evaluation crite-
ria used for position of finishing line was that any fi-
nishing line placed more than 1 mm sub or supra-gin- 
gival was considered as too sub or supra-gingival. Severe 
mal-aligned teeth were excluded. 

The collected data was entered into a computer via 
Epidata 3.1 and was sorted in a Data Master Sheet. Sta-
tistical package for social sciences (SPSS) version 15 
(SPSS Inc., Chicago, USA) and STATA version 8 were 
used for data management (Stata Corp LP, Texas, TX, 
USA). T-test, one way analysis of variance (ANOVA), 
and Pearson Chi square tests were used to analyze the 
data. Confidence level of 95% was used, P-value less 
than 0.05 was considered as significant. 

3. RESULTS 
The present study investigated 17 teeth (14.5%) that 
were prepared to construct crowns while the remaining 
100 teeth (85.5%) were prepared as abutments for fifty 
five FPD. All types of teeth were included in the study 
with approximating frequency. In teeth prepared for FPD, 
molars were the most frequently used abutments (29%). 
While most of the teeth prepared for single crowns were 
premolars (52.94%). Almost all the samples were pre-
pared to receive full veneered restorations (Table 1). 
None of the prepared teeth were found to have an ac-
ceptable average taper as the clinically accepted range is 
(10˚ - 20˚), while 8.5% of the prepared teeth had a clini-
cally acceptable MD Taper and (0.85%) had an accepta-
ble buccolingually Taper (Table 2). 

In this study BL taper was found to be higher than MD. 
Using t-test the result was found to be highly significant 
(P = 0.0000). The average taper was significantly af-
fected by the type of teeth i.e. whether it was anterior, 
canine, premolar or molar. Using one way analysis of 
variance (ANOVA), taper of canine preparations was 
found to be significantly higher than the other groups (P 
= 0.0001) (Table 3). 

By also using ANOVA, BL taper of canine teeth was 
found to be significantly higher than the other groups (P 
= 0.0000), however, MD taper of canine and molars teeth 
were approximating each other and were higher than the 
other groups (P = 0.0148) (Table 3). 

Table 1. Frequency of type of teeth included in the study, qual-
ity of the finishing line, smoothness of preparation and pres-
ence or absence of grooves. 

Variable Percentage % (n) 

Type of teeth included in the study  

Anterior 23.08% (27) 

Premolar 25.64% (30) 

Molar 29.06% (34) 

Canine 22.22% (26) 

Continuity of the finishing line  
Continuous 77.78% (91) 

Not continuous 19.66% (23) 

Not apparent 2.56% (3) 

Smoothness of the preparation  
Good 70.09% (82) 

Moderate 29.91% (35) 

Poor 0% (0) 

Presence ofgrooves  
Present 1.71% (2) 

Not present 98.29% (115) 

Total 100% (117) 

 
Table 2. The mean value for taper. 

Taper Mean (SD)* In ideal range Out of ideal 

Buccolingually taper 44.1˚ (11.2) 0.85% (1) 99.15% (116) 

MD taper 35.8˚ (12.3) 8.55% (10) 91.45% (107) 

Average taper 39.98˚ (9.6) 0% (0) 100% (100) 

*Significant (P = 0.0000) with 95% confidence interval. 
 
Table 3. Tooth type versus taper of preparation. 

Tooth type Percentage  
% (n) 

FL taper 
Mean (SD) 

MD taper 
Mean (SD) 

Average taper 
Mean (SD) 

Incisors 23.1% (27) 41.6 (7.1) 30.3 (12.5) 35.9 (7.6) 

Canines 22.2% (26) 53.7 (9) 39.3 (13.9) 46.5 (9.7) 

Premolars 25.6% (30) 40.3 (12.2) 34.2 (9.2) 37.2 (8.7) 

Molars 29.1% (34) 42.3 (10.8) 38.96 (11.7) 40.6 (9.2) 

Total 100% (117) 44.1 (11.2) 35.8 (12.3) 39.98 (9.2) 

 
The mean of incisal reduction of anterior teeth was 

found to be 2.3 mm which was regarded as acceptable, 
however, when it was compared with the ideal using t- 
test the difference was statistically significant (P = 
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0.0020). 
The mean occlusal the posterior teeth PFM was found 

to be 2.29 mm for functional cusp and 1.76 mm for non- 
functional cusp which was regarded as acceptable. Using 
t-test for comparison with the ideal, the result was found 
to be statistically significant with P-value 0.0004 and 
0.0005 respectively. Central fossa reduction was found to 
be 1.6 mm (Table 4). For the amount of axial prepara-
tion; Facial reduction was 1.45 mm which was regarded 
clinically as ideal. The t-test revealed that the result was 
not statistically significant (P = 0.1490). Lingual reduc-
tion was found to be 1.00 mm, mesial 1.42 mm and distal 
1.37 mm which was regarded as clinically acceptable and 
by using t-test the results was found to be statistically 
significant P-value 0.0000, 0.0211 and 0.0005 respec-
tively (Table 4). 

About 38.46% of students were unable to place the fi-
nishing line correctly; with the existence of subgingival 
and supra gingival lines at the same preparation. In 2.56% 
of stone dies the finishing line was not clear. Sub and 
supragingival finishing lines were present in almost  
 
Table 4. Amount of occlusal and axial clearance. 

Occlusal preparation 
in posterior teeth 

Percentage 
(n) Mean (SD) [95% Conf. 

Interval] 

Occlusal_FC (PFM) 96.9% (62) 2.29 (0.61) [2.13 - 2.45] 

Occlusal_FC (M) 3.1% (2) 2.62 (0) [2.62 -2.62] 

Occlusal_NFC (PFM)  96.9% (62) 1.76 (0.56) [1.62 - 1.9] 

Occlusal_NFC (M) 3.1% (2) 1.84 (0.3) [−0.83 - 4.51] 

Occlusal_CF (PFM) 96.9% (62) 1.6 (0.6) [1.44 - 1.75] 

Occlusal_CF (M) 3.1% (2) 1.8 (0.04) [1.48 - 2.11] 

Axial preparation  
Facial 100% (117)   

Facial (PFM) 98.29% (115) 1.45 (0.39) [1.38 - 1.52] 

Facial (M) 1.71% (2) 1.33 (0.4) [−2.23 - 4.89] 

Lingual 100% (117)   
Lingual (PFM) 98.29% (115) 1.01 (0.3) [0.95 - 1.06] 

Lingual (M) 1.71% (2) 1.15 (0.31) [−1.65 - 3.95] 

Mesial 100% (117)   
Mesial (PFM) 98.29% (115) 1.42 (0.35) [1.36 - 1.49] 

Mesial (M) 1.71% (2) 1.3 (0.59) [−4.04 - 6.64] 

Distal 100% (117)   
Distal (PFM) 98.29% (115) 1.36 (0.43) [1.28 - 1.44] 

Distal (M) 1.71% (2) 0.73 (0.06) [0.15 - 1.3] 

(FC = Functional cusp, NFC = Non-functional cusp, CF = Central fossa, 
PFM = Porcelain fused to metal, M = Metal restoration). 

equal numbers. When continuity was assessed, most of 
students (77.78%) were able to maintain continuity all 
around the preparation, although some of them (19.66%) 
were unable to preserve continuity of the finishing line. 
Using Pearson chi square test to cross tabulate position 
of finishing line with continuity, it was found that most 
of discontinuous finishing lines were supra gingival and 
the difference was significant (P = 0.000). All Prepara-
tions were smooth with no sharp angles. One hundred 
and fifteen (98.29%) lacked the presence of extra reten-
tive additional features while only two preparations 
(1.71%) had proximal grooves (Table 1). 

4. DISCUSSION 
Tooth preparation is one of the main factors that influ-
ence the longevity of a restoration. The present study 
evaluated many aspects of tooth preparation. Greater 
care was taken in this investigation as detailed in the 
materials and method section to ensure proper seating of 
the study casts impression on the working casts in order 
to eliminate or minimize any seating inaccuracies.  

The mean taper in this study was found to be 44.1˚ fa-
ciolingually, 35.8˚ mesiodistally with an average taper of 
39.98˚. These values were higher than what was recom-
mended as acceptable in the literature (4˚ - 14˚) [27,28], 
what was recommended by Goodacre et al who regarded 
10˚ - 20˚ as the acceptable clinical range [2], and were 
even higher than what was recorded from other studies 
which recruited dental students [1,4,6-11,13-18], teach-
ing staff [13], general practitioner [7,13,17-19], residents 
[4,20] and prosthodontists [17,18]. Other measurements 
for convergence angle reported were: 23.9˚ by Al-Omari 
and Al-Wahadni [17], 25˚ by Theophilus [17], 19˚ by 
sato [15], 19.4˚ by Annerstdet et al. [7], 19.1˚ by Noonan 
et al. [5], and 16.5˚ by Mack [6]. Recent studies reported 
convergence angle values of: 19.2˚ by Al Ali et al. [18] 
(20.3˚ MD, 18.3˚ buccolingual {BL}) by Rafeek et al. 
[14] in one study. In another study Rafeek et al. [16] 
reported a mean taper in anterior teeth of 31.6˚ BL and 
16.8˚ MD and 16.8˚ BL and 22.4˚ MD in the posterior 
teeth. Although many of these studies perform on dental 
students but the current result is obviously greater than 
taper measured by all previously mentioned studies, dif-
ference in measuring method may have some effect.  

Although the students have the concepts of tooth 
preparation fresh in their mind it appears that the lack of 
clinical experience is the primary cause of the large taper 
in their preparations as most of preparations in the pre- 
sent study were their first clinical case, so getting large 
taper may not be surprising. In agreement with other 
studies [5,7,10,11,17,18,20]. the present study found that 
FL taper was greater than MD, which may be due to the 
convexity of buccal and lingual walls especially in the 
molar teeth which necessitate more preparation to avoid 
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undercuts. However other studies found that MD was 
greater than FL [1,13,14,21]. Contrary to many other stu- 
dies [7,11,17,20,21] which reported molar teeth as hav-
ing the highest taper, in the present study the canine teeth 
was found to have the highest taper which may be due to 
prominent cingulum that makes the preparation difficult 
for inexpert undergraduate students.  

The present research included both crown and fixed 
partial denture preparations as one examined sample this 
will give a clear estimation or significant of any changes 
in preparation of a tooth as a single restoration or as an 
abutment for a fixed partial denture. In 1988, Nordlander 
et al. [20] examined both crown and fixed partial denture 
abutments as one examined sample. The present finding 
were in agreement with Nordlander et al. [20] where 
there was no significant difference in average taper of 
teeth prepared for crowns or for fixed partial dentures 
(FPD). Preparations for metallic restorations in the pre- 
sent study tend to be over prepared. Poons and Smales 
evaluated preparations for gold crowns and found that 
the preparations tend to be inadequate [1]. There are few 
studies to evaluate finishing line preparation either to 
evaluate width of the finishing line [1,11], angle between 
the finishing line and axial wall [1] and position of the 
finishing line using numerical values [22]. Only 1.71% 
of the preparations in the present study were prepared 
with retentive grooves, these groove were added to ab-
utment teeth of fixed partial denture; despite of large 
taper in most of the preparations, this might be due to 
inexperience which resulted in failure to see the need for 
extra retentive features in such situations. In general stu-
dents have no problems in getting smooth preparations 
with rounded angles. Slight errors in visual estimation, 
minimal experience of students and the fact that the stu-
dents in both institutions start their clinical requirements 
in fixed prosthodontics after a relatively long period of 
completion of their laboratory course might be the causes 
of less than ideal preparations. In addition, possibly the 
length and content of the preclinical course in both insti-
tutions might have an impact on the clinical performance 
of the students. Training in clinical or preclinical courses 
without utilizing proper teaching aids [29-31] or support 
systems [32] could have a negative impact on the opera-
tive performance of the students.  

5. CONCLUSION 
Within the limitation of this study, it could be concluded 
that the taper achieved by the dental students was more 
than that was recommended in the dental literature. 
There were no additional features to improve retention in 
spite of the increase in taper. Occlusal and axial prepara-
tions were regarded as acceptable when compared with 
the ideal. Most of the preparations had smooth and con-
tinuous finishing lines, although discontinuity was not 

uncommon. In general, preparations were smooth with 
no irregularities or sharp angles. The main recommenda-
tions of this study were to increase the duration of the 
preclinical course, and more emphasis should be placed 
on the clinical practice of tooth preparation. Long-term 
clinical studies are necessary to fully assess the longevity 
of full veneered restorations to see the influence of less 
than ideal taper on the success of these restorations. 
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