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Introduction: Radiographs are commonly used to detect misfit of implant components, but various factors including implant connection and 
component opacity could affect this decision. The purpose of this study was to evaluate the diagnostic capability of senior students and 
experienced dentists on the adaptation of implant and impression coping in different vertical and horizontal angled radiographs. Materials and 
Methods: The implant and the impression coping were attached to each other; once without any gap and once with a gap of 0.5 mm. Totally, 40 
digital X-rays were taken with vertical inclinations of 0, 5, 10, 15, 20, 25, 30 degrees in positive and negative directions, and the rest were 
horizontally inclined with the same values. Forty senior students and twenty experienced dentists observed the radiographs. Their diagnoses were 
compared with the real status of components. Results: No significant difference was observed between the performance of students and experts 
(P=0.74). Statistical t-test analysis revealed that the directions (inclinations toward the implants or the impression copings) does not result in any 
significant difference in diagnoses of students (P=0.29) and dentists (P= 0.15). Nevertheless, general linear model showed the radiograph 
angulations had a significant impact on the diagnoses of students (P=0.003) and dentists (P<.001). Youden factor revealed that there was not a 
consistent trend regarding sensitivity and specificity of vertically angled radiographs; however, sensitivity and in particular, specificity decreased 
as a result of horizontal angle inclination. Conclusion: Increasing vertical angulations of the radiographs for diagnosing the adaptation of 
implant components is likely to reduce diagnostic capability of clinicians, even experienced ones. Specificity is more affected than sensitivity in 
both horizontally and vertically angled radiographs.   
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Introduction 

Due to increasingly growing use of dental implants, it is 
necessary to diagnose and eliminate the causes of failure in the 
treatments. One major reason for failure of implant restorations 
is the presence of gap between implants and abutments. 
Nevertheless, no dentist has reported to achieve complete fit as of 
date (1). Range of acceptable fit between the two components 
varies from 10 microns (2) to 150 microns (3) in different 
studies. Misfit between implant and abutment interfaces results 
in non-passiveness of implant components which brings about 
destructive forces to the adjacent bone (4, 5). Sensorial 
disturbances, soft tissue injuries, and peri-implantitis are biologic 
complications of non-passive fit that occurs as a result of 

functional failure in supporting structure (6). Moreover,  fracture 
and loosening of abutment screw, and superstructure mobility 
are considered as mechanical complications (7-9) that clinician 
can prevent by achieving passive fit (1). Another biologic 
complication that can be considered as the result of gap between 
implant components is growing bacterial microleakage (10-12) 
and following gingivitis (13). 

Imprecise machining of implant parts, improper hexagon 
male-female adaptation, (11) and clinical (14-19) and laboratory 
procedures (19, 20) could result in implant component misfit. 
Regarding clinical procedures, impression making is definitely 
considered as a noticeable stage and several studies have stated 
its remarkable effect on the fit of final components (14-19). First 
step to make a perfect impression is to fix impression coping 
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exactly in the appropriate location. To control the fit, various 
studies have introduced different methods, such as probing with 
dental explorers, visual control, use of periotest, (21, 22) cross 
sectional measurement after sectioning, and the impression 
technique (1, 23-25). With deeply positioned implants, the direct 
vision and the tactile sense are less efficient to diagnose the gap 
between the components. 

One of the most routine methods to evaluate the accuracy of 
impression coping placement in clinic is radiography. Due to the 
variable distortion of image in panoramic radiography, (26) 
periapical radiography serves as a desirable method to assess the 
misfit between implant components (27, 28). There are several 
studies which have investigated the efficacy of radiography to 
help clinicians diagnose the implant components misfit (29-33). 
Furthermore, different studies have focused on the difference 
between the performance of students and experienced dentists 
(34-37). Due to the lower opacity of impression copings than 
that of abutments, present study aims to evaluate the effect of 
different angulations of x-ray tube on the diagnosis of the gap 
between an impression coping and the implant. The current 
study also investigates the role of experience in diagnosis 
capabilities by selecting the examiners from both students and 
senior dentists. 

Materials and Methods 

A thermoplastic sheet 0.5 mm in thickness was positioned 
between the octagon implant (RP implant, Straumann AG, 
Waldenburg, Switzerland) and square impression coping 
(Institute Straumann AG, Waldenburg, Switzerland) to create 
the gap. Subsequently, the fixing screw was used to tighten the 
complex of implant-thermoplastic sheet-impression coping. To 
fix the complex in an immobile place, a plastic box was utilized. 
This box was thoroughly filled with auto-polymerized acrylic 
resin and just before its setting, the implant components were 
placed. The plan was to use digital radiography. Hence, extra 
attention was paid to parallelism of the implant with the direct 
sensor (Kodak CS 2100, Carestream Health, Inc. Rochester, NY, 
USA) of digital radiography. To regulate X-ray tube angulations, 
an angle measuring device was fixed at the edge of mentioned 
box and a ruler was adhered parallel with the tube. The 
inclinations of X-ray tube for horizontal angulations were: 0', 5', 
10', 15', 20', 25', and 30'. These values were also used when tube 
was inclined vertically in positive and negative degrees.  The 
digital sensor was positioned in a fixed place while taking all 
radiography with less than 20 degrees, whereas for 25 and 30 

degrees it was necessary to set it in another position, to prevent 
the image from disappearing. All the processes above were 
repeated with the fixed implant and the impression coping with 
no gap. A total of 40 X-rays were taken, 20 for the implant and 
the impression coping with no gap and 20 for the gap of 0.5 mm. 
In each group, 13 radiographs were vertically angled and the rest 
of them horizontally angled. Regulations of the digital 
radiography unit were 60 kV, 0.2 s and 7 mA while exposure. 
Digital images were saved in a computer and digitally sectioned. 
Each of the images received a blinded identity code. In the next 
step, the images were arranged randomly and shown to 20 
experienced dentists and 40 senior under-graduate dentistry 
students, who had passed their implant courses successfully. To 
obtain a point of reference, initially; examiners observed set of 
components. Then, they were shown whole images and asked 
whether there was gap between impression coping and implant. 
Intra examiner variability was assessed by displaying the 
radiographs twice to the examiners. Those answers which 
revealed the real situation about existence of the gap were 
considered correct. Finally, the accuracy of examiners' diagnoses 
about directions and angles of the radiographs was evaluated 
using t-Test and general linear model. Moreover, sensitivity and 
specificity of diagnoses were appraised by Youden factor. 

Results 

Statistical t-Test analysis was used to compare students' 
responses about existence of gap between the implant and 
impression coping, with particular attention to directions 
(vertically positive or negative angulation of the x-ray tube) of 
the radiographs. No significant difference was observed for 
directions (P=0.29) of radiographs. Nevertheless, comparing the 
accuracy of students' diagnosis regarding the quantity of angles, 
General Linear Model showed significant difference (P=0.003). 
The angle exhibits drastic impact on the students’ diagnoses 
based on the P value obtained from the experiments. 

For the experienced dentists' answers, t-Test revealed no 
significant difference in directions (P=0.15) of the radiographs. 
General linear model results indicate that Correlation between 
quantity of angles and correct answers among experienced dentists 
is significant (P<.001). Table 1 illustrates the increasing number of 
errors due to growing angle of x-ray tube in student and 
experienced groups. Also, no significant difference was observed 
between the Performance of students and experts (P=0.74).  

Table 2 shows the level of sensitivity and specificity of the 
diagnoses about horizontally and vertically angled radiographs. 
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Table 1. Error rate of students and experienced dentists in different X-ray tube angulations 
30 25 20 15 10 5 0 Angle 
0.53 0.36 0.4 0.4 0.36 0.46 0.16 Error rate Student 0.37 0.2 0.24 0.24 0.2 0.3 0 Error increasing rate 
0.3 0.4 0.6 0.6 0.4 0.7 0.4 Error rate Experienced 0.1 0 0.2 0.2 0 0.3 0 Error increasing rate 

Table 2. Level of sensitivity and specificity of diagnoses in different horizontal and vertical angulations of the X-ray tube. 
Youden Sensitivity Specificity Youden Sensitivity Specificity Youden Sensitivity Specificity 

Angle 
Horizontal Vertical/Positive Vertical/Negative 

1 1 1 1 1 1 1 1 1 0 
0.9 1 0.9 0.975 1 0.975 0.975 1 0.975 5 
0.95 1 0.95 0.95 0.975 0.975 0.8 0.975 0.825 10 
0.925 1 0.925 0.85 0.925 0.925 0.85 1 0.85 15 
0.875 1 0.875 0.975 1 0.975 0.85 0.975 0.875 20 
0.85 0.975 0.875 0.925 0.925 1 0.85 0.95 0.9 25 
0.9 0.975 0.925 0.65 0.725 0.925 0.975 0.975 1 30 

 
Specificity shows whether the radiograph was diagnostic 
when there was no gap whereas sensitivity demonstrates 
accurate answers among examiners in the presence of the gap. 
The table suggests that increasing horizontal inclination of 
the X-ray tube to 25 and 30 degrees decreased diagnosis 
ability of the examiners with the gap present. However, this 
discrepancy was meaningless when compared to the 
confidence interval. Nevertheless, the addition of a horizontal 
angel exhibits a drastic impact on the specificity of diagnoses; 
the specificity diminished completely in 20 and 25 degrees. 
Regarding vertical angulation, there was no especial 
continuity in examiners' performance about sensitivity and 
specificity of diagnoses. 

Discussion 

Periapical radiography is considered a reliable method to 
evaluate dental implants (27, 28). Nevertheless, there are 
always factors which affect proper interpretation of a 
radiograph. To obtain more accurate information, clinician 
needs high-quality radiographs with appropriate contrast, 
density,(38) and projection.(38, 39). An improper projection 
can cause overlap, which may hide gaps between implant 
components (38). Sharkey et al., (31) Papavassiliou et al. (32) 
and Ormaechea et al., (30) stated that more angulated 
radiography can still be diagnostic in the presence of large gaps. 
In this study, the quantity of vertical angulation of the x-ray 

tube in any direction (either positive or negative angulation) 
negatively affected the diagnoses of experienced dentists 
(P<0.001) and students (P=0.003). Tube angulation results in 
distorted radiographs making it harder to observe a gap 
between components. Ormaechea et al., (30) recommended 
that X-ray beam should be perpendicular to implants with less 
than 5 degree tube angulation fault; while Cameron et al., (29) 
and Papavassiliou et al., (32) gave a more flexible range and 
concluded that radiographs were not diagnostic when tube 
angulation exceeds 20 degrees. Papavassiliou et al., also 
mentioned that it was more complicated to diagnose the gap 
when the tube is inclined toward the implant, which 
contradicts the current study. The reason for this discrepancy is 
due to the following fact. Papavassiliou et al., used implant and 
abutment whereas implant and impression coping were utilized 
in this study. Impression coping has less opacity than abutment 
and a different shape. The difference in shape results in a 
different geometrical distortion and a different distinguishing 
gap. Hollender et al., claimed that blurring of internal tread 
angles of the implant occurs in a tube making an angle of nine 
degrees whereas the blurring of the external angles occurs 
around 13 degrees (40). Informed about this fact and knowing 
the inaccuracy of vertically angled radiographs, clinician would 
be able to understand about the usefulness of the radiograph. 

Sensitivity of periapical radiography to reveal a real gap 
between an implant-abutment interface is 95% and its 
specificity is 93-100%, in the absence of any misfit (41). 



34                                                                                                                                                                                                              Alikhasi et al. 
    

Regeneration, Reconstruction & Restoration 2016;1(1): 31-35 

Nevertheless, when the radiography is not well-prepared, the 
sensitivity and specificity decrease (see Table 2 for more 
details). Sharkey et al., (31) and Ormaechea et al., (30) claimed 
false positive diagnoses in their findings when using vertically 
angulated radiographs for evaluating gap between implant 
components. The specificity of diagnoses of vertically 
angulated radiographs was low in this study even in slightly 
angulated X-ray tube. However, sensitivity was reasonable 
when there was a gap and many of the answers were correct 
except in positive 25 and 30 degrees. Moreover, changing 
horizontal angles decreased specificity more than sensitivity 
especially in 25 and 30 degrees. Angled radiographs create 
confusion for the examiner as to whether there is not a gap or 
the gap is hidden behind the distorted components. This fact 
would influence many of the interpretations. Different radio-
opacities of implant and impression coping might also be 
another misleading factor in diagnosis. 

There are studies which compared performance of students 
and dentists to evaluate the impact of experience. Some declared 
experience had an important role in diagnosis ability (34). Some 
other stated that students could perform equally well in 
interpretation of defective areas but poorer in sound surfaces 
(35). However, some studies attribute less false negative and 
more false positive to students' diagnoses (36, 37). In the current 
study, there was no significant difference between performance 
of students and experienced dentists (P=0.74). This shows that 
dentists should not use improper radiographs relying on their 
experience. One possible opportunity to improve this work is 
performing the procedure in the oral environments to investigate 
the effects of adjacent structures and their superimpositions. 

Conclusion 

The aim of this study was to investigate the impact of horizontal 
and vertical angulations of the x-ray tube on identifying the gap 
between an internal octagon implant and an impression coping. 
The secondary aim was to compare the diagnoses of senior 
students and experienced dentists about the existence of gap 
between components. The following points summarize the 
major findings of this research study: 
• The diagnosis ability of examiners decreased as a result of 

increasing vertical angulation; positive or negative direction 
did not affect the results. 

•  Performance of students and experienced dentists in 
diagnoses were identical. 

• There was no continuity in diagnoses regarding the 
sensitivity and specificity in vertically angled radiographs. 

• Increasing horizontal angulation reduced sensitivity in 25 
and 30 degrees. 

• Specificity decreased as the result of additional horizontal 
angle, especially in 20 and 25 degrees. 

Suppression inspecificity was more drastic than sensitivity both 
in vertically angled and in horizontally angled radiographs. 

Conflict of Interest: ‘None declared’. 
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