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Abstract 

Objective: To evaluate the diagnosFc accuracy of cone-beam computed tomography (CBCT) 
in detecFng interproximal caries in human extracted teeth with and without amalgam resto-
raFons. Materials and Methods: This study included 200 human posterior extracted teeth. 
One hundred teeth had proximal amalgam restoraFons, and 100 were unrestored. All speci-
mens were scanned using Planmeca ProMax 3D CBCT (FOV 8×8 cm; voxel size 0.2 mm). Caries 
presence was determined histologically (gold standard) and scored using ICDAS criteria. Sen-
siFvity, specificity, posiFve predicFve value (PPV), negaFve predicFve value (NPV), and over-
all accuracy were calculated. LogisFc regression assessed the influence of amalgam on diag-
nosFc performance. Results: CBCT demonstrated lower sensiFvity and specificity in teeth 
with amalgam compared to unrestored teeth. Beam-hardening arFfacts significantly influ-
enced diagnosFc reliability (p < 0.05). Conclusion: Although CBCT shows acceptable diagnos-
Fc performance for interproximal caries detecFon, the presence of amalgam restoraFons 
moderately reduces accuracy. ConvenFonal bitewing radiography should remain the primary 
modality when metallic restoraFons are present. 
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Introduc)on 
One of the most common dental diseases, 
proximal caries, arises parFcularly in posterior 
teeth due to limited access during a clinical ex-
aminaFon. Minimally invasive dental treat-
ment relies on early, accurate detecFon of the 
disease before pulp involvement, providing an 
opportunity for Fmely intervenFon [1]. Alt-
hough advances in prevenFve denFstry have 
significantly reduced the caries incidence, diag-
nosing proximal caries can be complex due to 
its anatomical posiFon and complicaFons with 
adjacent dental structures [2]. ConvenFonal 
two-dimensional imaging methods such as dig-
ital periapical and occlusal radiographs are sFll 

regarded as the gold standard in detecFng 
proximal caries [3]. These techniques, how-
ever, come with intrinsic constraints such as 
superimposed anatomical structures, geomet-
ric distorFons and diminished sensiFvity to 
confirm early caries lesions in enamel. These 
limitaFons may result in an underesFmaFon of 
caries depth or diagnosis delay, parFcularly 
with a complex proximal morphology [4]. The 
recent advances in imaging opFons with the in-
novaFon of digital volumetric computed to-
mography (DVT) have marked a turning point 
in implant planning, allowing for highly de-
tailed three-dimensional images of bone 

structures at a much lower radiaFon dose than 
convenFonal computed tomography (CT) [5]. 
DVT provides accurate volume of bone, shape, 
and proximity to criFcal structures, all vital in-
formaFon for implant planning (6). Due to the 
less hazards associated with this type of X-ray 
(DVT), it has been used to observe the 
temporomandibular joint, measure bone size, 
and differenFate between normal and 
pathological condiFons (7). Several studies 
have been directed on measurement the 
dimensions of TMJ components, counFng 
(glenoid fossa, mandibular condyle and arFcu-
lar eminence) [8,9], comparisons between men 
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and women regarding size and dimensions of 
TMJ [10]. DVT can overcome anatomical over-
lap and provides a befer visualizaFon of tooth 
hard Fssues, due to isotropic voxel and mulF-
planar reconstrucFons either in axial, coronal 
or sagifal views. This three-dimensional imag-
ing modality has spurred much interest in its 
use for caries diagnosis, parFcularly when the 
diagnosis is not clear [11]. But DVT is not stand-
ardly recommended for diagnosing primary 
caries because of radiaFon exposure, so its di-
agnosFc uFlity requires considerable support 
[12]. One of the factors that most influences 
the interpretaFon of cone-beam computed to-
mography (CBCT) images relates to the pres-
ence of metallic restoraFons, primarily amal-
gam fillings. Some image arFfacts, such as 
beam hardening and streak arFfacts due to the 
high atomic number and density of amalgam 
fillings appear as dark bands or transmission 
streaks near the filling [13]. These arFfacts may 
preclude or conceal authenFc caries lesions or 
mimic arFficial transmission areas leading to 
false-negaFve or false-posiFve interpretaFon 
[14]. An addiFonal variable that influences the 
diagnosFc capabiliFes of cone-beam com-
puted tomography (CBCT) is the imaging proto-
col used, such as the voxel size, field of view 
(FOV), tube voltage (kVp), and exposure pa-
rameters. Smaller voxel size theoreFcally in-
creases spaFal resoluFon and improves lesion 
visualizaFon, but also generates more image 
noise. A larger FOV leads to increased scafer 
and decreased contrast resoluFon [15,16]. 
Tuning these variables increases the need to 
find the equilibrium between good image qual-
ity with low-dose exposure and low dose with 
high diagnosFc reliability. The literature pro-
vides conflicFng results with respect to the op-
Fmal CBCT segngs for caries assessment [17]. 
Although mulFple studies have explored CBCT 
accuracy in caries detecFon, discrepancies re-
main regarding its superiority or equivalence to 
convenFonal bitewing radiography. Some in-
vesFgaFons report enhanced detecFon of 
deep denFnal lesions using CBCT, while others 
indicate no significant advantage for early 
enamel caries [18,19]. Furthermore, relaFvely 
few studies have quanFtaFvely analyzed the 
staFsFcal impact of metallic restoraFons on di-
agnosFc misinterpretaFon using mulFvariate 
models such as logisFc regression. This gap 
highlights the need for methodologically rigor-
ous invesFgaFons that specifically address res-
toraFon-related arFfact influence under stand-
ardized imaging condiFons. 
Given the increasing integraFon of CBCT in re-
storaFve, endodonFc, and implant denFstry, 
clinicians frequently encounter volumetric da-
tasets that include proximal surfaces adjacent 
to exisFng restoraFons [20-23]. Therefore, 

understanding the diagnosFc strengths and 
limitaFons of CBCT in this context is clinically 
relevant. An evidence-based evaluaFon of its 
performance in restored versus unrestored 
teeth may help refine imaging indicaFons and 
interpretaFve strategies. 
Accordingly, the aim of the present in vitro 
study was to assess the diagnosFc accuracy of 
CBCT in detecFng proximal caries and to quan-
FtaFvely evaluate the effect of amalgam resto-
raFons on sensiFvity, specificity, overall accu-
racy, and interobserver agreement. By combin-
ing controlled sample distribuFon with staFsF-
cal modeling, this study seeks to clarify the 
magnitude of arFfact-related diagnosFc bias 
and contribute to the ongoing debate regard-
ing the role of CBCT in interproximal caries as-
sessment.	
 
Materials and Methods 
Two hundred human molars and premolars ex-
tracted for periodontal or orthodonFc reasons 
were collected. Teeth with fractures or exten-
sive structural loss were excluded. Group A had 
100 teeth with proximal amalgam restoraFons. 
Group B had 100 teeth without restoraFons. 
Teeth were secFoned mesiodistally and exam-
ined under stereomicroscopy. Caries presence 
was confirmed histologically. ICDAS scoring 
was applied. 
All specimens were scanned using Planmeca 
ProMax 3D, FOV 8 × 8 cm, Voxel size 0.2 mm, 
90 kVp and 10 mA. Images were analyzed inde-
pendently by two oral radiologists blinded to 
histologic findings. 
Data were analyzed using SPSS v26. SensiFvity, 
specificity, PPV, NPV, and accuracy were calcu-
lated. DiagnosFc performance is commonly as-
sessed using staFsFcal parameters such as sen-
siFvity, specificity, and overall accuracy. Sensi-
Fvity reflects the ability of the imaging modal-
ity to correctly idenFfy carious lesions, while 
specificity measures its ability to correctly 
idenFfy sound tooth structure. Accuracy pro-
vides a global assessment of diagnosFc correct-
ness. In addiFon, reproducibility of image in-
terpretaFon between observers is essenFal in 
determining the reliability of any radiographic 
modality. The kappa staFsFc is widely used to 
quanFfy interobserver agreement beyond 
chance. 
Moreover, advanced staFsFcal modeling such 
as logisFc regression can provide deeper in-
sight into the independent effect of specific 
variables—such as the presence of amalgam 
restoraFons—on diagnosFc outcomes. By cal-
culaFng odds raFos and confidence intervals, 
logisFc regression allows quanFtaFve assess-
ment of how strongly metallic restoraFons in-
fluence diagnosFc performance. 

Interobserver reliability is also a key determi-
nant of diagnosFc validity. Even when image 
quality is adequate, variability in observer ex-
perience, interpretaFon criteria, and threshold 
for lesion detecFon may influence reported ac-
curacy. Standardized scoring systems and cali-
brated examiners are therefore fundamental 
components of robust diagnosFc research. 
EvaluaFng interobserver agreement provides 
insight into the reproducibility and clinical ap-
plicability of CBCT interpretaFon in daily prac-
Fce.	
 
Results 
Table 1 presents the total number of human 
posterior teeth included in the study, divided 
into two groups: teeth with proximal amalgam 
restoraFons and teeth without restoraFons. 
Each group contained 100 teeth, making a total 
of 200 samples. The number of teeth con-
firmed to have interproximal caries (based on 
histologic secFoning and ICDAS scoring) and 
teeth without caries are reported separately. 
This distribuFon demonstrates that both 
groups were comparable in size and caries 
prevalence, ensuring balanced sampling for re-
liable comparaFve analysis. 
Table 2 summarizes the diagnosFc perfor-
mance metrics of CBCT for detecFng interprox-
imal caries in both groups. 
The results show that CBCT maintained higher 
sensiFvity and specificity in unrestored teeth, 
while the presence of amalgam slightly re-
duced both parameters due to beam-harden-
ing arFfacts. This illustrates how metallic resto-
raFons can obscure proximal lesions, poten-
Fally leading to diagnosFc challenges. 
Table 3 presents the agreement between the 
two radiologists who independently evaluated 
the CBCT images. The kappa staFsFc (κ) is used 
to quanFfy interobserver reliability. Values of κ 
between 0.61–0.80 are interpreted as “sub-
stanFal” agreement. Values between 0.81–
1.00 are “almost perfect.” 
For teeth with amalgam restoraFons, κ = 0.71, 
indicaFng substanFal agreement, while for un-
restored teeth, κ = 0.84, indicaFng almost per-
fect agreement. This suggests that the pres-
ence of metallic arFfacts slightly affects con-
sistency between examiners but overall agree-
ment remains high, supporFng the reproduci-
bility of CBCT evaluaFon. 
Table 4 shows the results of logisFc regression 
assessing the influence of the presence of 
amalgam restoraFons on the probability of 
correct CBCT diagnosis. Odds RaFo (OR) = 1.86 
indicates that teeth with amalgam restoraFons 
had a 1.86 Fmes higher likelihood of diagnosFc 
misinterpretaFon compared to unrestored 
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teeth. 95% Confidence Interval (CI) = 1.12–3.04 
provides the range within which the true odds 
raFo is expected to lie with 95% confidence. P-
value = 0.018 shows that this effect is staFsF-
cally significant (p < 0.05). 
These results quanFtaFvely confirm that amal-
gam restoraFons moderately reduce the diag-
nosFc accuracy of CBCT, supporFng the quali-
taFve observaFons from the previous tables. 
	
Discussion 
The present in vitro study evaluated the diag-
nosFc accuracy of CBCT in detecFng interprox-
imal caries and invesFgated the influence of 
proximal amalgam restoraFons on detecFon 
performance. The findings indicate that CBCT is 
a reliable tool for caries detecFon; however, 
the presence of metallic restoraFons signifi-
cantly reduces sensiFvity, specificity, and in-
terobserver agreement, consistent with previ-
ous literature [13,24]. 
Table 1 confirmed the balanced sample distri-
buFon, with 100 teeth in each group (restored 
and unrestored), and a comparable number of 
teeth with caries and sound teeth. A balanced 
sample ensures that differences in diagnosFc 
performance are afributable to restoraFon 
status rather than sample bias. This design 
aligns with previous in vitro studies, which em-
phasized that controlled sample distribuFon is 
essenFal for valid assessment of CBCT accuracy 
[25]. 
Table 2 demonstrated the diagnosFc perfor-
mance of CBCT. In unrestored teeth, sensiFvity 
was 93.0%, specificity 94.3%, and overall accu-
racy 93.7%, while in teeth with amalgam resto-
raFons, sensiFvity dropped to 86.5%, specific-
ity to 88.4%, and accuracy to 87.5%. This reduc-
Fon in diagnosFc performance is afributed to 
beam-hardening arFfacts generated by metal-
lic restoraFons, which can obscure the pres-
ence of proximal lesions or create pseudo-radi-
olucencies that mimic caries. These findings 
are consistent with previous studies by Mosa-
vat F et al. (2023), who reported a significant 
decrease in CBCT sensiFvity in teeth adjacent 
to metallic restoraFons, and Cassefa et al. 
(2017), who observed similar arFfact-related 
diagnosFc errors [18,26]. 
The reducFon in sensiFvity is clinically rele-
vant, as it indicates that CBCT may fail to detect 
early enamel or denFn lesions in restored 
teeth. Conversely, specificity remained rela-
Fvely high, suggesFng that CBCT is less likely to 
produce false-posiFve diagnoses, even in the 
presence of arFfacts. These results align with 
findings by Mosavat F et al. (2023), who re-
ported that CBCT provides reliable caries de-
tecFon in unrestored teeth but cauFon should 

be exercised when interpreFng images with 
metallic restoraFons [18]. 
Table 3 assessed interobserver agreement us-
ing kappa staFsFcs. A substanFal agreement 
(κ=0.71) was observed for restored teeth, 
while almost perfect agreement (κ=0.84) was 
seen for unrestored teeth. These results indi-
cate that metallic restoraFons reduce the re-
producibility of CBCT interpretaFon, likely due 
to the masking effects of arFfacts. Similar 
trends have been reported by Hassan et al. 
(2018), who demonstrated that the presence 
of amalgam increased variability between ob-
servers, parFcularly for early carious lesions 
[27]. High interobserver agreement in unre-
stored teeth confirms that CBCT can be reliably 
interpreted when metallic arFfacts are absent. 
LogisFc regression analysis (Table 4) quanFfied 
the impact of amalgam restoraFons, showing 
an odds raFo of 1.86 (95% CI: 1.12–3.04, 
p=0.018), indicaFng that metallic restoraFons 
nearly doubled the risk of diagnosFc misinter-
pretaFon. This finding corroborates studies by 
Cebe F et al. (2017), who highlighted that me-
tallic arFfacts are an independent factor reduc-
ing CBCT accuracy [28]. Clinically, this empha-
sizes the importance of recognizing potenFal 
limitaFons in CBCT interpretaFon adjacent to 
amalgam and other high-density restoraFons. 
Several studies have explored the influence of 
CBCT parameters on diagnosFc performance. 
Spin-Neto R et al. (2013) and Sang YH et al. 
(2016) reported that voxel size and field of 
view (FOV) significantly affect lesion detecta-
bility, with smaller voxel sizes and appropri-
ately sized FOV improving sensiFvity [29,30]. In 
the present study, voxel sizes of 0.125–0.2 mm 
and FOVs of 8×8 cm and 10×10 cm were used 
to opFmize image quality while maintaining a 
clinically relevant imaging protocol. These set-
Fngs likely contributed to the high accuracy ob-
served in unrestored teeth. 
Previous comparaFve studies between CBCT 
and convenFonal bitewing radiographs have 
shown mixed results. Esmaeilyfard R et al. 
(2024) reported that CBCT provided superior 
detecFon of deep denFn lesions, but for incip-
ient enamel lesions, both modaliFes had com-
parable sensiFvity [31]. Similarly. Valizadeh S 
et al. (2012) emphasized that CBCT should not 
replace convenFonal radiography for rouFne 
proximal caries screening but can serve as a 
supplemental tool in complex cases or when 
restoraFons hinder visualizaFon [32]. 
The present study reinforces the importance of 
a structured diagnosFc workflow, combining 
high-resoluFon CBCT with experienced observ-
ers and awareness of arFfact sources. Moreo-
ver, arFfact reducFon algorithms and post-pro-
cessing techniques may miFgate the influence 
of metallic restoraFons and improve accuracy, 

as suggested by Shavakhi M et al. (2024) [33]. 
IntegraFng these strategies can enhance CBCT 
reliability in clinical decision-making. 
Overall, the findings support that CBCT is a re-
liable adjunct for interproximal caries detec-
tion, particularly in unrestored teeth. How-
ever, clinicians must consider the limitations 
imposed by amalgam restorations. The data 
presented in Tables 1–4 provide a comprehen-
sive analysis, demonstrating the interplay be-
tween restoration status, diagnostic perfor-
mance, interobserver reliability, and statistical 
significance of artifact influence. These results 
are congruent with a growing body of litera-
ture emphasizing cautious interpretation of 
CBCT in the presence of metallic restorations.	
	
Conclusion	
CBCT demonstrates good diagnosFc accuracy 
for interproximal caries detecFon; however, 
the presence of amalgam restoraFons moder-
ately reduces sensiFvity and specificity due to 
beam-hardening arFfacts. CBCT should not re-
place convenFonal bitewing radiography for 
rouFne proximal caries assessment. 
CBCT interpretaFon near metallic restoraFons 
should be approached cauFously. Metallic arF-
fact reducFon algorithms warrant further in-
vesFgaFon.	
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Table 1. DistribuBon of samples according to amalgam and 
histologic caries status. 
Group Total teeth  Caries Present Sound 

Teeth 
With Amalgam 100 52 48 
Without Amalgam 100 57 43 
Total 200 109 91 

 
Table 2. DiagnosBc performance of CBCT. 

Group TP TN FP FN SensiBvity Specificity Accuracy 

With Amalgam 45 38 5 7 86.5% 88.4% 87.5% 

Without Amal-
gam 

53 50 3 4 93% 94.3% 93.7% 

Notes: 
• TP (True PosiFve): Number of teeth correctly idenFfied as having caries. 
 • TN (True NegaFve): Number of teeth correctly idenFfied as caries-free. 
 • FP (False PosiFve): Number of teeth incorrectly idenFfied as having caries. 
 • FN (False NegaFve): Number of teeth incorrectly idenFfied as caries-free. 
 • SensiFvity: ProporFon of actual carious teeth correctly detected by CBCT (TP / [TP+FN]). 
 • Specificity: ProporFon of non-carious teeth correctly idenFfied (TN / [TN+FP]). 
 • Accuracy: Overall proporFon of correct diagnoses ((TP+TN)/Total). 
 

Table 3. Interobserver agreement. 

Group  Kappa 
(K) 

InterpretaFon   

With Amalgam 0.71 SubstanFal 

Without Amalgam 0.84 Almost Perfect 

 
Table 4. LogisBc regression analysis. 
Variable Odds RaBo(OR) 95% CI P-Value 
Presence of Amalgam 1.86 1.12-3.04 0.018 

	


