
Introduction 
Prosthetic crowns are indirect restorations that are placed 
to repair teeth, maintain occlusion and improve the 
aesthetics.1,2 Endodontically treated teeth are commonly 
subjected to crown placement to prevent any future 
fracture. The margins of a crown mark the transition 
between the crown material and the finishing line at the 
recipient tooth surface. The integrity of the margins is 
critical for the long-term health and survival of the 
crowned teeth.3,4 Crown margins should be blended and 
confluent with the tooth structure without having any 
positive or negative ledges or gaps.5 In clinical practice, it 
is not uncommon to encounter crowns with faulty and 
imprecise margins.  

Marginal discrepancies in the crown are mostly observed 
in scenarios where tooth preparation margins are 
irregular or missing. Defects in impression-taking, and 
pouring or laboratory errors, such as distortion in the 
pattern or casting shrinkage, are responsible for incorrect 
positioning of the crown margins.6 Regardless of the 
cause, the marginal discrepancy, if left unnoticed at the 
trial and cementation stages, may lead to poor survival of 
the fixed prosthesis. The gap between the prosthesis 
margin and tooth-preparation margins exposes the luting 

cement to the oral environment, leading to an increased 
rate of cement dissolution. This could ultimately lead to 
percolation of bacteria, resulting in compromised 
longevity of the tooth due to caries.7 Studies have also 
shown the association between margin discrepancies and 
the presence of caries in adjacent teeth.8-10 Before 
cementing any crown, the try-in step offers an 
opportunity to the clinician to ensure that the margins of 
the fixed prosthesis, especially at the proximal sites, are 
satisfactory.3 

Marginal fit of the crowns can be evaluated either 
qualitatively or quantitatively.11 Qualitative evaluation is 
done by employing clinical or radiological methods 
whereas quantitative evaluation involves use of 
microscope at high magnification.12 However, the use of 
such microscope is neither logistically possible nor 
clinically practical in routine dental practice.13 Therefore, 
clinical methods involving visual inspection and use of 
sharp explorer are commonly employed in clinical practice. 
The assessment of margins is a relatively straightforward 
exercise on the buccal and lingual aspects. However, 
evaluation of interproximal and subgingival margins poses 
a clinical challege.14,15 The detection of the marginal 
discrepancy of crowns largely depends on the skills and 
experience of the dentist.4 The use of appropriate 
radiographs can overcome this limitation.  Fattahi et al.12 
showed that upon radiographic examination, 75.5% 
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crowns had vertical discrepancy at the margins and 
recommended the use of parallel radiography as an 
adjunct to the clinical examination for evaluation of 
proximal marginal adaptation. Libby et al.16 evaluated the 
longevity of fixed partial dentures and suggested that 
periapical or bite-wings radiographs provided additional 
information regarding the marginal fit of restoration. 
Moreover, bite-wing radiographs were more valuable in 
the detection of proximal lesion compared to the periapical 
radiography.17 It is not uncommon to observe that the 
margins of otherwise clinically acceptable crowns turned 
out to be inadequate when assessed radiographically. This 
led the current hypothesis that there is a difference in the 
radiographic and clinical acceptability of the crown 
margins. The current study was planned to radiographically 
evaluate the proximal margins of the metal-ceramic 
crowns that were otherwise clinically acceptable. 

Materials and Methods 
The prospective study was conducted at the dental clinics 
of Aga Khan University (AKU), Karachi, from July to 
December 2018. After approval from the institutional 
ethics review committee, the sample size was calculated 
using the World Health Organisation (WHO) calculator18 
with absolute precision 0.08, level of significance 0.05 and 
confidence level 0.95.  

The sample was raised using non-probability 
convenience sampling technique from among metal-
ceramic crowns of patients who had presented for single-
unit crown placement in maxillary or mandibular arch. 
The patients were included after taking informed consent. 
Those who had lost their provisional crowns or had 
gingival inflammation or overgrowth around the 
prepared teeth were excluded. 

All crown preparations were performed by restorative 
dentistry residents, with clinical experience of more than 
three years, under the supervision of consultants. A pre-
cutting putty matrix composed of silicon rubber (Aquasil, 
Dentsply) was used to ensure appropriate tooth reduction 
in each case. Crown preparations were done for the metal-
ceramic crowns with shoulder on buccal aspect, while rest 
of the margins were chamfer. The uniformity of margins and 
depth of preparation were ensured by using previously 
taken putty matrix for each preparation. Impressions of the 
prepared teeth were made with addition type silicone 
impression material in putty and light-body consistencies 
(Aquasil, Dentsply) using the single-step technique. These 
impressions were poured within 30 minutes with type IV 
high-strength dental stone using vacuum mixer (Bego 
stone plus, BEGO). Metal-ceramic crowns were fabricated 
with lost-wax technique using nickel-chromium alloy 

(Starloy N, Dentsply) as metal core followed by layering with 
ceramic (Ceramco 3, Dentsply). All crowns were fabricated 
by a single technician with experience of >15 years. Each 
crown was visually evaluated for marginal adaptation using 
its respective die by the restorative dentistry residents. The 
laboratory acceptable crown was taken to the clinic and was 
seated on the tooth preparation and was clinically 
evaluated using a sharp explorer along the margins of the 
preparation. The crowns that exhibited satisfactory 
marginal fits were deemed as clinically acceptable crowns. 
Once the clinical test was satisfied and no discrepancy was 
detected on clinical examination, radiographic assessment 
was done using the bite-wings. Digital image was obtained 
using complementary metal oxide semiconductor (CMOS) 
size 2 plate (XIOS XG, Sirona) with a help of a bite-wing film 
holder (XIOS holder system) and cone positioning guide to 
get the uniform bite-wing radiograph. This plate was then 
exposed at 70KVp, 7mAs, focus to distance 23cm for 0.10 
seconds, using an X-ray unit (CS 2200, Carestream). The 
image acquired was transferred to imaging software Sidexis 
XG (Version 2.61, Sirona). Any discrepancy observed in the 
radiographic marginal adaptation was measured using a 
digital caliper on the imaging software Sidexis XG. A 
marginal discrepancy >0.05mm on the proximal sites was 
labelled as a "deficiency" on radiographic examination. The 
radiographic outcome of the crown margins was divided 
into four categories;no discrepancy, horizontal discrepancy 
(which may be a positive or a negative ledge), vertical 
discrepancy and a combination of horizontal and vertical 
discrepancy (Figure).  

All radiographic evaluations were independently carried 
out by two calibrated examiners. Both examiners were 
trained for one week before the initiation of the project 
for the identification of marginal discrepancies on the 
bite-wing radiographs and the use of digital caliper on 
Sidexis XG (Version 2.61, Sirona) for the quantification of 
the discrepancy, if present. 
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Figure: Vertical and horizontal marginal discrepancy between metal-ceramic crown 
and the tooth preparation.



Data was analysed using SPSS 22. Frequencies and 
percentages were calculated for tooth maxillary and 
mandibular teeth, mesial and distal tooth surfaces, clinical 
and radiographic assessment. Chi-square test was used to 
determine the association of marginal discrepancy of the 
crown with tooth type and tooth surface. Odds ratio (OR)was 
used to measure the association between the horizontal and 
vertical discrepancy categories of marginal discrepancy, and 
between the type of and site of tooth. Inter-examiner 
reliability was determined using intra-class correlation (ICC) 
coefficient. P<0.05 was taken as statistically significant. 

Results 
Of the 115 metal-ceramic crowns, 38(33%) belonged to 
mandibular teeth and 77(67%) were in the maxillary arch. 
Out of 230 mesial and distal sites assessed on the 
radiograph, 113(49.1%) had some form of crown marginal 
discrepancies (Table-1). The mean horizontal discrepancy 
was 0.08+0.35mm, while mean vertical discrepancy was 
0.19+0.34mm. The vertical marginal discrepancies were 
mainly observed on the distal aspects of the crowns (OR: 
8.2) whereas horizontal discrepancies were mainly seen 
on the mesial side of the maxillary crowns (OR: 3.0). These 
associations were statistically significant (Tables-2, 3). The 

inter-examiner reliability was excellent with ICC 
coefficient 0.93. 

Discussion 
The null hypothesis was refuted in the present study. The 
radiographic examination exhibited horizontal and vertical 
marginal discrepancies in a large proportion of clinically 
acceptable crowns. This indicates significant difference in 
the two assessment methods. Ideally, there should be no 
difference in the clinical and radiographic assessments of 
the crown margins.19 The presence of marginal discrepancy 
became a potential source for cement dissolution, 
microleakage and plaque accumulation which attract 
potential pathogens responsible for the development of 
carious lesions.5,14,20-22 It is not only associated with the 
dental caries beneath the crown margins, but also with the 
caries in the adjacent teeth, leading to the failure of the 
fixed prosthesis.8,23 For this reason, bite-wing radiographic 
technique was used to evaluate crown margins on the 
proximal surfaces in the present study.  

Direct viewing technique is commonly employed at the 
chair-side that involves the use of dental explorer to 
evaluate the marginal fit of the crowns.11 It provides 
valuable information regarding the presence of defects 
on the buccal and lingual surfaces, but it was not a 
suitable modality to detect any marginal defect on the 
proximal aspects of crown-tooth interface.8,12  

The present study showed that clinical examination alone is 
not sufficient to label a crown as adequate. The radiographic 
assessment is superior in terms of deterring the marginal 
discrepancies, especially on the proximal sites. Relying solely 
on the clinical examination for the detection of marginal 
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Table-1: Crowns and discrepancies (n=115 crowns). 
 
Type of defect                                                           Frequency (surfaces)                       % 
 
No discrepancy                                                                                 117                                        50.9 
Horizontal discrepancy                                                                   44                                          19.1 
Vertical discrepancy                                                                         58                                          25.2 
Both horizontal and vertical discrepancy                                 11                                           4.8 
Total sites                                                                                           230                                         100

Table-2: Association between tooth location and marginal discrepancy of metal-ceramic crowns observed on the bite-wing radiograph. 
 
Tooth location                                                                                                                                Radiographic Assessment                                                                                                                       p-value 
                                                                 No discrepancy                   Horizontal discrepancy            Vertical Discrepancy          Both horizontal and vertical discrepancy 
 
Maxillary sites (n=154)                                  88                                                        33                                                       29                                                                         4 
Mandibular sites (n=76)                                29                                                        11                                                       29                                                                         7                                                            0.001  
Total sites (n=230)                                         117                                                      44                                                       58                                                                        11                                                                 
 

*Chi square test was applied. 
**Odds ratio between horizontal/vertical discrepancy and maxillary/mandibular teeth location turned out to be 3.0.

Table-3: Association between tooth surface and marginal discrepancy of metal-ceramic crowns observed on bite-wing radiograph. 
 
Tooth surface                                                                                                                                Radiographical Assessment                                                                                                                     p-value 
                                                                 No discrepancy                   Horizontal discrepancy            Vertical Discrepancy          Both horizontal and vertical discrepancy 
 
Mesial                                                                    62                                                        34                                                       17                                                                         2 
Distal                                                                     55                                                        10                                                       41                                                                         9                                                          <0.001  
Total sites n=230                                             117                                                      44                                                       58                                                                        11                                                                 
 

*Chi square test was applied. 
**Odds ratio between horizontal/vertical discrepancy and mesial/distal site of teeth turned out to be 8.2.



discrepancy resulted in the loss of marginal fit information in 
the proximal area of 50% sites.12 Studies suggest that 
disparity exists among clinicians for the detection of 
marginal gap and the disagreement is there even within the 
subject assessed at two different times.19,24,25 

Multiple studies proposed the use of radiographic aid in 
addition to the clinical examination for the detection of 
proximal marginal fit of fixed dental restorations.12,16,26 
Fattahi et al. recommended the use of periapical 
radiographs in addition to the clinical examination and 
proposed that the evaluation of marginal adaptation just 
with the use of explorer or even with the use of impression 
material was not sufficient.12 Libby et al.  advocated the use 
of  radiography as a mandatory step in the crown and 
bridge cementation.16 Durre and Ahmad had proposed the 
use of radiographs both before and after cementation for 
the detection of marginal discrepancies and presence of 
residual cement.8 Such marginal discrepancies, when 
present, could lead to exposure of margins to oral 
environment, cement dissolution and plaque accumulation, 
which had adverse effects on both tooth and periodontal 
tissues.8,27,28 Bite-wing radiographs were taken in the 
present study for the evaluation of the proximal marginal fit 
because it provided a near-parallel image of the abutment 
tooth.29 This helped in obtaining practical information 
regarding adaptation of crown margins, its location and its 
relation to the crestal bone, thus, resulted in better 
treatment prognosis.12 Although pre-cementation 
radiographs are not universally practised, data in the 
present study strongly suggests a case in its favour. For the 
present study, no unnecessary radiations were exposed to 
the patients as pre-cementation radiographic examination 
of fixed prosthesis is a standard operating procedure. 
Several studies have reported marginal gaps among crowns 
(detected radiographically or microscopically) that were 
earlier considered acceptable on visual examination.23,30 

What constitutes a marginal discrepancy is debatable in 
literature.11 According to Mclean et al.31 marginal 
discrepancy <0.08mm was difficult to be detected under 
clinical examination. Another study showed that marginal 
opening of 0.1mm was detectable with dental explorer 
and was considered the borderline of acceptability.24 
Schaefer et al. described 0.05-0.15mm gap as acceptable 
marginal discrepancies.32 Fattahi et al.12 had considered 
the marginal gap >0.05mm to be an open margin. In the 
present study, a marginal gap of >0.05mm on bite-wing 
radiograph was treated as marginal discrepancy.  
However, there remains a lack of consensus on what 
constitutes a clinically acceptable marginal gap. 

Does any configuration of the tooth preparation margin 
lead to inadequate margins in the definitive crown? The 

answer is not definitive. Although the present study has 
not evaluated the effect of marginal configuration on the 
marginal fit of dental restoration, as it was beyond the 
study's scope, literature suggests that large chamfer and 
tilted chamfer configuration are associated with higher 
marginal discrepancies compared to the shoulder 
preparation.33 However, Tsitrous et al. were unable to 
detect any association between different marginal 
designs and marginal fit of dental restorations.34 

The overall marginal discrepancies detected among clinically 
acceptable crown in the present study turned out to be 49.1% 
of the cases. This was better than reported by Fattahi et al. 
which showed marginal discrepancies in 85% of the cases 
when examined radiographically.12 These discrepancies 
could be due to inaccuracy in the impression-taking by the 
clinician or improper handling of the dental casts by the 
dental technician. Durre and Ahmad evaluated patients with 
cemented crowns and bridges on periapical radiograph and 
found marginal discrepancies in 13-18% cases.8 They 
attributed these discrepancies to improper tooth preparation 
technique, impression errors or casting defects.6,8 

In the present study, out of around 50% sites of the 
defected margins, the horizontal discrepancy comprised 
nearly 20% of the sites, while 25% of the discrepancies 
were in the vertical plane. Only 11(5%) crowns had 
discrepancy in both dimensions. In contrast, Fattahi et al. 
detected horizontal discrepancies in 60% of the crowns, 
while vertical discrepancies were in 75.5% of the examined 
crowns.12 The presence of vertical and horizontal 
discrepancies could be attributed to incomplete seating of 
crowns due to tight proximal contact or the presence of 
premature contact surface at tooth surface or fitting 
surface of the crown. It could also be due to inaccurate 
impression of prepared tooth because of the presence of 
blood and poor access of impression material to the 
prepared surface. The presence of subgingival margins 
could also be ascribed to the presence of crown marginal 
discrepancies.12 Evidence suggests that marginal 
discrepancy is more common on the distal sites of the 
crown. This probably is due to difficulty in gaining access 
to the distal surfaces during tooth preparation.8 

In terms of limitations, the present study was done at a single 
centre study and only metal-ceramic crowns on posterior 
teeth were evaluated, limiting the generalisability of the 
findings. Furthermore, bite-wing radiographs were not taken 
after the final cementation of the crowns, and, therefore, the 
effect of cementation could not be determined. The use of 
bite-wing dental radiographs should be used as an adjunct 
to the clinical assessment prior to the permanent 
cementation of the metal ceramic crowns on posterior teeth. 
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Conclusions 
Almost 50% of the clinically acceptable crowns had some 
form of marginal discrepancy when evaluated on the 
radiograph. Vertical discrepancies were mainly noticed on 
the distal surfaces of the crowns irrespective of the arch, 
and horizontal discrepancies were mainly observed on 
the mesial margins of the maxillary crowns.   
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