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Abstract
Introduction: The quality of dental restorations can be directly related to the maintenance of 
periodontal health. Particularly in relation to the contour of interproximal restorations, radiographs 
allow the assessment of possible excess or lack of proximal contact of restorative materials.
Objective: To evaluate the frequency of adequate and inadequate restorations, the type of 
restorative material and the relationship of these parameters with periodontal alterations.
Methods: One hundred digital panoramic radiographs were evaluated, with interproximal 
restorations being observed on these examinations, classifying them according to the material 
used and the quality of interproximal restoration and the presence of periodontal alterations. The 
possible correlation between these parameters was evaluated.
Results: The frequency of adequate restorations was 48% of restored proximal surfaces. Among 
the inadequate restorations, 46.2% and 53.8% were over-contour and lack of proximal contact, 
respectively. The restorations were metallic in 64% of cases.
Conclusion: Over-contour were more common among metal restorations and lack of proximal 
contact was more frequent among non-metal restorations. The presence of restorations was 
associated with increased prevalence of periodontal alterations.

Keywords: Panoramic radiograph; Alveolar bone loss; Permanent dental restoration; Dental 
restoration failure

Avaliação radiográfica da qualidade de restaurações dentárias e  
sua relação com alterações radiográficas periodontais

Resumo
Introdução: A qualidade das restaurações dentárias pode estar diretamente relacionada à manutenção da 
saúde periodontal. Particularmente, em relação ao contorno das restaurações proximais, o exame radiográfico 
permite avaliar a ocorrência de excessos ou ausência de ponto de contato do material restaurador.
Objetivo: Avaliar a qualidade das restaurações dentárias, o tipo de material restaurador e a relação dessas 
observações com alterações periodontais.
Métodos: Cem radiografias digitais panorâmicas foram avaliadas, com foco na observação das restaurações 
proximais, classificando-as de acordo com o material utilizado, a qualidade da restauração e a presença de 
alterações periodontais. Foi avaliada a possível correlação entre os parâmetros.
Resultados: A frequência de restaurações adequadas, nas superfícies proximais, foi de 48%. Ao se considerar 
o percentual de restaurações insatisfatórias, 46,2% e 53,8% apresentavam sobrecontorno e ausência de contato 
proximal, respectivamente. As restaurações eram metálicas em 64% dos casos.
Conclusão: A ocorrência de sobrecontorno foi mais prevalente entre as restaurações metálicas e a ausência 
de contato proximal foi mais frequente quando da existência de restaurações em material não-metálico. 
A presença de restaurações proximais estava associada ao aumento de alterações periodontais.
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INTRODUCTION

Dental restorations are intended to reestablish the  
form, function and aesthetics of the tooth. Restorative 
Dentistry has a close relationship with periodontal health.  
As a rule, all restorative procedures should only be  
performed after examining clinical and radiographic 
periodontal structures. Untreated periodontal disease 
can compromise the success of restorative therapy and 
inadequate restoration can lead to an iatrogenic effect on 
periodontal tissues [1-3].

The technical quality of dental restorations is a crucial 
factor in maintaining the oral health [4-9]. Defective 
restorations are associated with a higher prevalence of 
secondary caries [4] and periapical lesions [5, 6, 8, 9]. The 
restorations with irregular contour are also related to higher 
incidence of periodontal problems [8].

The radiographs are essential diagnostic tools in 
dentistry, once they allow assessing the quality of dental 
restorations, especially in regions that cannot be seen 
clinically, such as the proximal surfaces [11, 12] and the 
tooth tissue underlying the restoration. Panoramic, periapical 
and interproximal radiographs are employed isolated or 
in association, in order to result in final diagnosis. The 
panoramic radiograph, although presents disadvantages such 
as the image resolution lower than intraoral radiographs 
and greater geometric distortion, provides a great coverage 
of the bone and dental tissues, using a relatively low dose 
of radiation and fast technique, with more comfort to the 
patient [11-13].

The quality of coronary restorations is not associated 
only with maintaining the masticatory function and the 
stomatognathic complex, but they are also related to the 
periodontal health [8]. The contour of the restorations is 
a determinant factor of periodontal health and requires 
attention of the dentists. It is known that the greater the 
number of restorations in a patient, the greater the potential 
for adverse effects on periodontal health, especially in the 
presence of inadequate restorations [8, 10].

The aim in this study was to evaluate, through a sample 
of digital panoramic radiography images, the frequency of 
appropriate (proper interproximal contour) and inappropriate 
(showing lack or excess of interproximal restorative 
material) dental restorations, frequency of the restorative 
material (metallic or non-metallic) and to verify a possible 
association of these parameters with radiographic alterations 
of the periodontium.

Hypotheses evaluated

The frequency of defective restorations is different 
between the metallic and nonmetallic materials; defective 
restorations are more associated with periodontal changes; 
restorations with over-contour have different frequency of 
periodontal changes of the restorations with sub-contour; 
the frequency of restorations with over-contour is different 
from the restorations with sub-contour between metallic and 
nonmetallic materials.

METHODS

This was a retrospective study, using digital panoramic 
radiographs from a Brazilian School of Dentistry, obtained 
between August and October 2011, and approved by the 
Ethics Committee on Human Research under the registration 
number 404.454.

Data such as age and gender were not considered as 
a criterion of exclusion or inclusion. Only radiographs of 
excellent technical quality and those where patients had 
posterior teeth with restorations in proximal surfaces were 
included in this study.

Two calibrated radiologists evaluated the images in 
a room suitable for radiographic interpretation. At each 
session, a maximum of 10 radiographs were analyzed, with 
one week interval between assessments. The parameters of 
brightness and contrast of images, as well as application 
of magnification (zoom) could have been changed freely 
by the operator, for a better viewing the structures of 
interest.

The posterior teeth with direct or indirect dental 
restorations in proximal surfaces were selected and evaluated 
according to the following parameters:
•	 Interproximal restoration (Figure 1): absent, appropriate, 

with over-contour, with sub-contour, non-displayed;
•	 Restorative material: metallic or non-metallic;
•	 Secondary caries and other conditions predisposing 

to periodontal alterations: presence or absence of 
radiographic signs of caries lesions underlying the 
restoration and / or dental calculus, fractures, etc;

•	 Proximal surface: presence or absence of proximal contact 
between the surfaces evaluated;

•	 Periodontal Alterations: presence or absence of 
radiographic signs of periodontal alterations (significant 
increase in pericementary space in the cervical third of 
the root, alveolar cortical discontinuity, resorption of 
alveolar bone crest). In cases of generalized periodontal 
alterations, it was recorded as “presence” only when bone 
loss was greater than in other regions.

Figure 1. cropped panoramic radiograph demonstrating examples 
of inadequate restoration: (A) over-contour on the mesial of the lower 
molar; (B) sub-contour on the mesial of the lower molar
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The frequency of restorative treatments considered 
appropriate or inappropriate (over-contour or sub-contour) 
from the point of view of the proximal contour, the 
restorative material used and the frequency of periodontal 
alterations observed radiographically were presented 
through descriptive statistics.

For the evaluation of the effect of proximal restoration 
with periodontal bone loss, it was excluded the free proximal 
surfaces, with the presence of caries and/or the presence of 
other conditions. The agreement between evaluators was 
calculated using the kappa value. Possible associations 
between the parameters evaluated were analyzed using the 
chi-square test.

RESULTS

After initial analysis of 237 exams, the inclusion 
and exclusion criteria were applied and 100 panoramic 
radiographs were selected. A total of 1026 proximal surfaces 
related to missing teeth were excluded from the analysis. 

Them the sample was included 2174 proximal surfaces. The 
presence and quality of proximal restorations; their quality 
toward the group of teeth, the type of restorative material and 
the presence/absence of periodontal alterations are shown 
in Table 1.

The restored surfaces have presented metallic material 
in 64% of cases and 36% had a non-metallic material. 
The restorations were appropriate in 44.4% of metallic 
restorations and in 55.6% of the non-metallic. It was 
observed secondary caries in 11% of proximal restorations 
and other conditions (dental calculus, fractures, etc.) in 14%. 
Surfaces without proximal contact (free surfaces) constituted 
15% of the sample. Periodontal alterations were present in 
28% of cases.

Regarding the mesial or distal location of the proximal 
surfaces, restorations were appropriate in 46.9% of mesial 
surfaces and 45.8% of the distal surfaces; over-contour was 
presented in 31.7% of mesial surfaces and 25.3% of the 
distal surfaces; and sub-contour was observed in 21.4% of 
mesial surfaces and 28.9% of the distal surfaces.

Table 1. Frequency of proximal surfaces according to the different variables

Proximal surfaces regarding the presence of restorations and its quality n (%)

Without Restoration 1436 (66.1)

Non-Viewed 174 (8)

Appropriate Restoration 261 (12)

Sub-Contour 151 (6.9)

Over-Contour 152 (7)

Total 2174 (100)

Quality of proximal restorations according to the group of teeth
PM

n (%)
M

n (%)

Appropriate Restoration 90 (34.5) 171 (65.5)

Sub-Contour 33 (21.9) 118 (78.1)

Over-Contour 54 (35.5) 98 (64.5)

Total 177 (100) 387 (100)

Quality of proximal restorations according to the restorative material
Non-metallic

n (%)
Metallic

n (%)

Appropriate Restoration 145 (55.6) 116 (44.4)

Sub-Contour 99 (65.6) 52 (34.4)

Over-Contour 130 (85.5) 22 (14.5)

Total 374 (100) 190 (100)

Surfaces with proximal restorations related to the presence or absence of periodontal alterations
Absent
n (%)

Present
n (%)

Appropriate Restoration 187 (71.8) 74 (28.2)

Sub-Contour 107 (71.2) 44 (28.8)

Over-Contour 109 (72.2) 43 (27.8)

Total 403 161

Metallic Material 270 (72.2) 104 (27.8)

Non-Metallic Material 133 (70.0) 57 (30.0)

Total 403 161

PM: premolar; M: molar.
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The quality of restoration was evaluated according to the 
type of teeth among the premolars and molars, upper and 
lower, as is shown in Figure 2.

The relationship between the presence of periodontal 
alterations and parameters of the proximal restorations were 
evaluated. Surfaces with proximal restoration presented 
periodontal alterations in 29.4% of cases, while the surfaces 
without restoration had periodontal alterations in 24.1% of 
cases. This difference was statistically significant (Table 2). 
There was no statistically significant difference regarding 
the presence of periodontal alterations and these parameters 
(Table 3).

The relationship between the restorative material 
(metallic or non-metallic) and parameters of proximal 
restorations were also evaluated. The differences were 
significant regarding the distribution of the restoration 
qualities (adequate or inadequate, over-contour or sub-
contour), according to the restorative material, metallic and 
non-metallic, for both cases (Table 3).

The inter-observer agreement showed kappa indexes 
from moderate to excellent (quality of interproximal 
restoration = 0.775; restorative material = 0.891; secondary 
caries = 0.604; other conditions = 1.0; free surface = 1.0).

DISCUSSION

The present study revealed that among the restorations 
analyzed, most were inadequate, and lower molars showed 
the highest frequency of surfaces with restorations with 
over/sub contour. The difficulty in adapting metal matrix 
and polyester strips on molars may be related to this result. 
Over-contour was more frequent at mesial surfaces, while 
at the distal aspect, the sub-contour prevailed.

The molars surfaces have shown more restorations than 
the premolars, which may be related to long presence of this 
teeth in the oral cavity and its posterior position, which can 
difficult a proper cleaning. The upper premolars showed more 
proximal restorations that the lower premolars. Among the 
surfaces of premolars, sub-contour was more frequent, while 
among the surfaces of the molars, over-contour prevailed. 
This may also be associated with technical difficulties in 
adapting the matrices.

The presence of periodontal alterations was observed in 
28% of proximal surfaces. This result does not mean that this 
was the real frequency of areas with periodontal alterations, 
since in this study, most of the patients presented generalized 
periodontal bone loss. Only when the periodontal bone loss 

Table 2. Qui-square test results, comparing characteristics of proximal restorations with periodontal alteration. 

Parameter evaluated according to the presence of periodontal alteration Qui-square p

Presence of proximal restoration 3.98 0.046*

Quality of restoration (adequate or inadequate) 0.10 0.752

Type of inadequation of restoration (over-contour/sub-contour) 0.02 0.893

Restorative material (metallic/non-metallic) 0.06 0.808

* p < 0.05

Table 3. Qui-square test results, comparing characteristics of proximal restorations with restorative material.

Parameter evaluated according to the restorative material Qui-square p

Quality of restoration (adequate or inadequate) 7.27 0.007*

Quality of restoration (over-contour/sub-contour) 3.88 0.049*

* p < 0.05

Figure 2. Frequency, in percentage, quality of 
restorations in relation to the type of tooth among 
premolars and molars, upper and lower
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near to the surface analyzed was higher than in other regions, 
it was registered as “presence of periodontal alteration”.

Periodontal alterations may be justified by the presence 
of inadequate restorations (with over/sub contour), once 
failure in finishing the margins between the tooth and the 
restorative material (generating excess or absence) promote 
retention and plaque buildup, which can result in periodontal  
disease [7, 10]. Furthermore, restorations that have marginal 
failure may have more secondary caries than e teeth with 
adequate restorations [5]. Dumitrescu et al. (2009) [14] 
showed that the presence of caries causes greater periodontal 
alterations than in restored tooth and the presence of 
restoration causes greater periodontal changes than in 
healthy tooth. So, the quality of the proximal tooth surface 
influences the health of the adjacent periodontium [15]. 
According to Farias et al. (2008) [16] the only variable 
considered in the radiographic examination that showed 
significant association with the occurrence of periodontal 
radiographic alteration was the lack of proximal contact.

The proximal surfaces of premolars were the most 
difficult in viewing, and their contours were not visualized 
in 17.3% of cases. This is in accordance with the technical 
limitation of the panoramic radiograph, which due to 
the geometrical projection, lead to an image distortion 
and overlapping of the crowns on the proximal surfaces, 
especially in the premolar region [12, 17].

In the present study, we used panoramic radiographs, 
which enable great coverage of the bone and dental tissues 
with relatively low dose of radiation. This is also a fast 
and convenient technique, but in return, leads to structural 
overlays, has image resolution lower than intraoral radio- 
graphs and provides greater distortion geometry [12, 17, 18]. 
The large number of non-visualized proximal contours and 
the difficulty in classifying the presence of periodontal 
alteration can be attributed to the panoramic radiograph. 
As reported by Farman (2002) [18], the resolution of a 
panoramic radiograph is lower than an intraoral radiography. 
However, other studies have shown that panoramic 
radiograph are equal to intraoral radiographs in detecting 
occlusal caries [19], and the sensitivity and specificity of 
bitewing radiographs in relation to dental caries detection 
is poor [20], which would justify the use of panoramic 
radiographs in this study. Besides, the panoramic radiograph 
is the most requested radiographic technique in health care 
and it is used as a form of screening [21-26]. Therefore, these 
images were found in large quantities in our files, which 
contributed to their choice for this study.

The only parameter evaluated that showed statistically 
significant association with periodontal alteration was the 
presence of proximal restoration (p < 0.05). Other parameters 
related to the restoration (adequate or inadequate, over/sub 
contour, metallic/non-metallic materials) were not associated 
with periodontal alterations. These finds disagree with those 
found in the literature and can demonstrate methodological 
failure in the present study.

Some relevant risk factors for the establishment of 
periodontal disease, such as drug use [16], smoking [16, 27] 

and diabetes [28] were not known in this study. Most patients 
showed generalized periodontitis and the periodontal 
alteration was considered only in sites which were discrepant 
in relation to others.

In this study, the restorations with non-metallic materials 
showed a higher percentage of suitable contours that 
those with metallic material. When the restorations were 
inadequate, in most cases it was observed over-contour in 
metallic restorations and sub-contour in non-metallic ones. 
Non-metallic materials, such as composite resin, are more 
likely to open proximal contacts (sub-contour) due to the 
absence of condensation on restorative technique [29].

Results of radiographic studies of caries and marginal 
defects have shown that there is a higher percentage 
of secondary caries and marginal defects in composite 
restorations than amalgam, which may be related to a lower 
level of radiopacity of resin, and may be associated with 
an increase in detecting caries and adjacent defects to the 
restorations [30].

CONCLUSION

Within the limitations of this study, particularly related 
to the use of panoramic radiographs to assess the quality 
of restored proximal surfaces, the presence of proximal 
restorations was associated with higher prevalence of 
periodontal alterations; over-contour were more common 
among metal restorations and sub-contour were more 
frequent among non-metal restorations.
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