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Abstract

Background/Objectives: Cone beam computed tomography (CBCT) is vital in endodontics
but suffers from beam-hardening artifacts caused by metallic restorations, which can
obscure diagnostic details. This study evaluated a novel patient positioning protocol—a
controlled head tilt—designed to mitigate these artifacts by moving contralateral metallic
structures outside the primary X-ray path in small field of view (FoV) CBCTs. Methods:
Using a skull phantom with metallic restorations CBCT scans were acquired in three
positions: standard alignment, a 12◦ tilt toward the region of interest (ROI), and a 12◦ tilt to
the opposite side. Fifty experienced dentists, blinded to the protocol, subjectively compared
image quality and artifact severity between the tilted and reference images. Results:
The tilt away from the ROI was rated as providing better image quality significantly
more often than the tilt towards the side of the ROI (442 of 585 non-tied comparisons;
p < 0.001). A complementary rater-clustered GEE analysis adjusted for slide confirmed
higher odds of “better” ratings under head tilt away from the ROI for image quality
(OR = 4.16, 95% CI 3.12–5.56) and artefacts (OR = 2.87, 95% CI 1.93–4.26). An individual
head tilt significantly improves subjective small-FoV CBCT image quality, most evidently
in the longitudinal plane, by reducing artifact interference from contralateral metals, and
should be considered a practical strategy for clinical use, and may serve as a practical
chairside strategy, pending clinical validation.

Keywords: artifacts; cone beam computed tomography; cbct; image quality; head tilt;
positioning

1. Introduction
Cone beam computed tomography (CBCT) has revolutionized diagnostic imaging in

dentistry over the past two decades, becoming an indispensable tool in endodontics [1,2].
Its ability to generate high-resolution, three-dimensional (3D) images overcomes the critical
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limitations of conventional two-dimensional radiography, allowing for precise visualization
of complex root canal anatomy, periapical lesions, and facilitating accurate treatment plan-
ning [2–6]. For these endodontic applications, optimal diagnostic yield is achieved through
small field of view (FoV) protocols, which enhance spatial resolution while adhering to the
ALARA principle [7].

However, the diagnostic superiority of CBCT is constrained by its susceptibility to
artifacts, which are image distortions caused by physical, technical, or patient-related
factors [8]. Among the most clinically significant are artifacts stemming from radiopaque
materials such as metallic restorations. These artifacts, including scatter and beam harden-
ing, manifest as disruptive streaks and hypodensities that can obscure details, potentially
compromising diagnostic efficacy and the visualization of fine endodontic structures [9–11].
Because the cone beam rotates around the patient during acquisition, any radiopaque object
in the jaw—even in the opposite arch—can intersect and generate such artifacts [12,13].
While software-based Metal Artifact Reduction (MAR) algorithms can mitigate artifacts
in the reconstructed volume, they are often challenged by the high density and complex
geometry of certain dental materials, and their performance is inherently dependent on the
specific CBCT unit [14–16]. Other modifiable factors, such as patient positioning, provide a
straightforward means of reducing artifact interference, but their adjustment is limited in
conventional CBCT devices [17].

This study aims to determine whether a novel positioning protocol involving a con-
trolled, individualized head tilt can mitigate beam-hardening artifacts in small-FoV en-
dodontic CBCT. We hypothesize that moving contralateral metallic restorations strategically
out of the primary beam path will reduce artifact severity and enhance image quality com-
pared to standard alignment or an incidental mispositioning.

2. Materials and Methods
The study protocol was approved by the institutional Ethics Committee of the Danube

Private University (DPU-EK/145). This study comprised an anonymous survey of den-
tists rating de-identified CBCT screenshots acquired from a phantom model; no patient
data were collected. Participation was voluntary and implied consent was obtained by
questionnaire completion.

A dental radiographic phantom comprising a real human skull embedded in resin,
featuring metallic restorations in all maxillary premolars and molars was used for this ob-
servational study. Specifically, the first quadrant contained three metallic crowns, while the
remaining teeth had large amalgam restorations. To determine the head tilt angle required
to project contralateral metallic restorations outside the primary beam path, an initial large
FoV scan was acquired using an Axeos CBCT unit (Dentsply Sirona, Bensheim, Germany).
Using this scan, the angle formed between the cusp tips of the maxillary premolars and mo-
lars and the contralateral alveolar crest was measured (Figure 1). As the calculated angles
ranged from 8◦ to 12◦, a definitive individual head tilt of 12◦—encompassing the maximum
measured value—was selected for all subsequent high-resolution image acquisitions.
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Figure 1. The individual necessary head tilt was determined by measuring the angles formed
between the cusp tips of the maxillary premolars and molars and the contralateral alveolar crest. This
individual head tilt was determined because the phantom head included only metallic restorations
(amalgam restorations, crowns) and no root canal treatments, posts or implants.

2.1. Image Acquisition and Experimental Setup

Small-FoV (5 × 5 cm) CBCT scans of the same phantom head were acquired using
an Axeos (85 kV and 5 mA). Reconstruction used the manufacturer’s standard software
pipeline with the integrated metal artefact reduction (MAR) option enabled (default setting);
no additional post-processing was applied. The phantom head was mounted on a tripod
and CBCTs of the maxillary premolar/molar region were taken with three different head
positions. A baseline “no tilt” position (Figure 2A), ensuring the midsagittal plane was
vertical and the occlusal plane was horizontal. Subsequently, two high-resolution, small-
FoV CBCT scans were acquired using the determined 12◦ tilt. The phantom head was
positioned at this angle in two opposing orientations: first, tilted toward the side containing
the primary region of interest (ROI) (Figure 2B), and second, tilted away from it.

 

Figure 2. CBCT acquisitions of the phantom head using (A) the standard protocol and (B) an
individual head tilt toward the marked region of interest (ROI).
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2.2. CBCT Preparation and Image Selection

In a first step, the DICOM data of the two tilted scans were opened using SIDEXIS
(version 4.3, DentsplySirona, Bensheim, Germany) and the phantom head position was
corrected by adjusting the tilt and rotation. For this purpose, the coronal, sagittal and
axial sectional images were aligned parallel to the horizontal and transverse axes. The
alignment of patient position was helpful to ensure that all subsequent screenshots of the
three different CBCTs would show identical planes. Within the small-FoV, three different
ROIs were randomly selected for analysis. For each ROI, three screenshots were captured
in identical axial, coronal, and sagittal planes (Figure 3a–c). In total, nine different CBCT
sections were chosen for qualitative evaluation. Due to the small-FoV, the selection of
different ROIs was limited. In the axial orientation, Screenshots were taken at three levels:
a coronal section (pulp chamber or root canal orifice), the middle third of the root, and
the apical section (apices). For the remaining two views, the selection was focused on
single-rooted teeth that could be fully contained within a single plane.

 
(a) 

 
(b) 

 
(c) 

Figure 3. (a–c). The figures show three representative example screenshots from the evaluation
(out of nine total) in axial (a), coronal (b) and sagittal (c) views. Within the interface, the reference
(“no tilt”) image was fixed in the center column. Raters, who were blinded to the randomization,
compared it to two neighboring images: one with a tilt towards the ROI and one with a tilt to the
opposite direction, randomly positioned on the left or right. In this specific example, the tilt away
from the ROI is displayed on the left and the other tilt protocol on the right.

2.3. Evaluation of Image Quality and Artifacts

The standard “no tilt” screenshots served as the reference for each view and the corre-
sponding tilted datasets were compiled into a randomized evaluation portfolio (Figure 3).
A panel of 50 experienced dentists, blinded to the tilt condition of each image, was cali-
brated on the assessment criteria, which focused on overall subjective image quality and
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the presence of common CBCT artifacts. Participants were recruited through a convenience
sampling approach, utilizing the authors’ professional networks of clinical staff and post-
graduate master’s students. Participation was voluntary and anonymized. For each of
the three anatomical views (axial, longitudinal, cross-sectional), evaluators were presented
with a randomized triad consisting of the reference “no tilt” image alongside the two tilted
condition images. For each tilted image, they were asked to compare it directly to the
reference “no tilt” image and select one of the following outcomes:

• Better: The tilted image presented superior subjective image quality or fewer artifacts.
• Tie: No perceptible difference in image quality or artifacts.
• Worse: The tilted image presented inferior subjective image quality or more pro-

nounced artifacts.

2.4. Data and Statistical Analysis

All responses were collected and anonymized. For each rater × ROI × evaluation pa-
rameter (subjective image quality, artifact severity), ratings (better, equal, worse) were
mapped to +1/0/−1 and used to derive paired outcomes for correct versus wrong head
tilt (correct better, wrong better, tie), stratified by anatomical plane. Outcomes are re-
ported as counts of paired comparisons. Each plane × parameter row summarizes
150 paired comparisons (50 raters × 3 ROIs), yielding 900 paired comparisons overall
(3 planes × 2 parameters × 150). Two-sided binomial sign tests were applied to non-tied
pairs (ties excluded), with alpha = 0.05; p values are unadjusted. Analyses were imple-
mented in Python version 3.9.10 using pandas/numpy/scipy and statsmodels. Inter-rater
reliability was quantified with Fleiss’ κ for the 3-category ratings (better/equal/worse),
computed separately for image quality and artefacts; uncertainty was assessed via a non-
parametric bootstrap. To estimate the tilt effect while accounting for repeated ratings per
rater and slide, we additionally fitted a rater-clustered generalized estimating equations
(GEE) logistic regression with slide fixed effects; the outcome was defined as “better”
(b) versus {equal, worse} and results are reported as odds ratios (ORs) with 95% confi-
dence intervals. For plane-stratified sign tests, p-values were additionally checked under
Benjamini–Hochberg false discovery rate control across the plane × endpoint tests.

3. Results
The evaluation was conducted by 50 dentists (24 female, 26 male) with a mean profes-

sional experience of 7.5 years. Overall, CBCT screenshots acquired with the hypothesized
correct head tilt were more frequently rated as having better image quality than screenshots
from both alternative protocols (no tilt, wrong tilt), as shown in Figure 4. When directly
comparing correct versus wrong head tilt, ratings favored correct tilt in 442 of 585 non-tied
paired comparisons (ties = 315 of 900 total paired comparisons), indicating a statistically
significant difference (two-sided sign test, p < 0.001). The effect of head tilt was more pro-
nounced for subjective image quality than for artifact severity. Across raters, 54.9% rated
the correct head-tilt protocol as superior to both alternatives for image quality and 84.4%
rated it as equal to or better than the alternatives; for artifact evaluation, the corresponding
proportions were 43.3% and 83.3%. Plane-specific analyses (Table 1) showed the strongest
differences in the longitudinal plane (quality: 97 vs. 15; artifacts: 64 vs. 19 [correct better vs.
wrong better]), while cross-sectional artifacts did not reach statistical significance (p = 0.063).
Inter-rater agreement was slight: Fleiss’ κ = 0.139 (95% bootstrap CI 0.070–0.195) for image
quality and κ = 0.131 (0.068–0.180) for artefacts. In the rater-clustered GEE model adjusted
for slide, correct tilt increased the odds of a “better” rating for image quality (OR = 4.16,
95% CI 3.12–5.56, p = 3.5 × 10−22) and for artefact severity (OR = 2.87, 95% CI 1.93–4.26,
p = 1.8 × 10−7).
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Figure 4. Figure presenting the overall counts for all CBCT planes, independent of evaluation
parameter (image quality, artifacts).

Table 1. Results of the rater evaluation comparing correct versus wrong head-tilt acquisitions,
stratified by anatomical plane and evaluation parameter (subjective image quality, artifact severity).
Counts indicate the number of paired comparisons in which the correct-tilt image was rated better, the
wrong-tilt image was rated better, or ratings were tied. Each row summarizes 150 paired comparisons
(50 raters × 3 ROIs). Sign-test p values are from two-sided binomial sign tests applied to non-tied
pairs (ties excluded); p values are unadjusted. FDR-adjusted inference (Benjamini–Hochberg across
the six plane × endpoint tests) was unchanged.

Plane Parameter Correct
Better

Wrong
Better Ties Sign-Test p

Axial Quality 82 24 44 <0.001
Axial Artifacts 80 21 49 <0.001

Longitudinal Quality 97 15 38 <0.001
Longitudinal Artifacts 64 19 67 <0.001

Cross-sectional Quality 68 31 51 <0.001
Cross-sectional Artifacts 51 33 66 0.063

4. Discussion
In our study we evaluated a single, maximally effective tilt angle (12◦) based on

preliminary CBCT measurements. The optimal angle may vary with individual patient
anatomy, arch form, and the specific location and dimension of metallic restorations. The
assessment was based on subjective ratings by experienced clinicians using standardized
CBCT screenshots. This method was selected to prioritize a focused and efficient evalua-
tion, as direct review and comparison of three full multiplanar reconstructions would have
been significantly more complex. Such an approach would have introduced confounding
variables related to participants’ proficiency with diagnostic software and general CBCT
navigation. The use of static screenshots facilitated a rapid, controlled, and direct compara-
tive assessment of the three acquisition protocols. The use of representative screenshots,
however, introduces a potential selection bias. Although the selection of comparable axial
planes remains relatively consistent following tilt correction, the precise localization of
identical longitudinal and cross-sectional planes is inherently limited. Consequently, raters
may have compared subtly different anatomical slices across protocols. This discrepancy in
multiplanar alignment could explain the observed variation in artifact ratings between the
different CBCT planes.

Other studies have already shown that deviations in head position during CBCT
acquisition have a minimal—and likely clinically insignificant—impact on measurement
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accuracy and diagnosis. This finding consequently presents a viable opportunity to explore
their utility for artifact reduction [18–21].

Lindfors et al. [22], for example, evaluated the effect of head positioning deviation from
the horizontal plane by 20 degrees on image quality in two CBCT devices, using contrast-
to-noise ratio (CNR) as a metric. Their study found that a backward head tilt yielded
significantly higher mean CNR values and improved image quality in the mandibular
region, irrespective of the field of view (FoV). However, as their phantom lacked dental
restorations or metal components, the clinical impact of artifacts remains uncertain. In
a clinical setting, a backward head tilt could reduce artifacts in the mandible by shifting
anterior restorations (e.g., in premolars, canines, or incisors) out of the primary beam path.
Conversely, for the maxilla, the same tilt would draw those restorations into the path,
potentially degrading image quality in endodontically relevant areas of the molars.

Barros-Costa et al. [17] evaluated the influence of dental implants on artifact formation
in CBCTs obtained with different spatial orientations, tube current levels, and metal artifact
reduction (MAR) algorithm conditions. For their setup, they placed one dental implant and
2 tubes filled with a radiopaque solution in the posterior region of a mandible acquired
CBCTs in 2 spatial orientations, a standard and a modified one. The modified spatial
orientation was achieved by tilting the phantom head 90 degrees backward, aligning the
tubes and dental implant parallel to the axial plane. With the modified orientation they
observed enhances brightness and reduces noise in the regions adjacent to a dental with no
further impact of MAR. The authors attributed this to the minimal artifacts generated in
such scenarios, which presented little need for reduction. Although a specific 90 degrees
backward head orientation may not be clinically practical due to patient discomfort, it
reveals an important principle: modifying standard patient positioning in CBCT can
significantly influence image quality. Conversely, our approach offers a clinically feasible
alternative, as the required head tilt is likely adaptable in most CBCT devices. However, one
limitation of our study is, that it was confined to the effects of standard dental restorations
(fillings, crowns, bridges), which, due to their limited height, required only minor head tilt
modifications. The influence of larger contralateral structures, such as dental implants or
teeth with posts and root canal fillings—which would require a more substantial head tilt—
and the influence on CBCTs without MAR algorithm was not investigated and should be
addressed in future research.

An interesting observation was made by Mancini et al. [23], who investigated the
influence of head angulation on effective radiation dose across three CBCT machines. They
reported a dose reduction for small-FoV scans of the posterior mandible and anterior max-
illa when using an increased anteroposterior head angulation (30◦ and 45◦). Furthermore,
when applying a lateral head tilt (0◦, 20◦ towards the side of the ROI and 20◦ to the opposite
direction), they observed lower effective doses for the posterior mandible with a 20◦ tilt
away from the ROI. This direction of tilt aligns with the findings of our current study, which
associated it with higher subjective image quality and fewer artifacts. The superiority of an
individually adjusted head tilt over both the standard protocol and, more critically, over
an incorrectly tilted position toward the ROI, underscores the necessity of ideal patient
positioning for CBCT imaging. This is especially vital in endodontics, where high image
quality and the precise detection of small anatomic structures are crucial for diagnosis and
treatment planning.

Because ratings are subjective and agreement was only slight (κ ≈ 0.13), we interpret
these results as rater-perceived differences rather than objective physical image-quality
improvements. A plausible mechanism for occasional benefits under “wrong” tilt is that
changing the relative geometry between metallic restorations and the region of interest
can shift streaking/beam-hardening patterns away from diagnostically relevant structures;
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this effect is plane- and case-dependent. Limitations include the use of a single phantom
dataset, device- and setting-specific reconstruction (integrated MAR), and the absence of
quantitative metrics (e.g., grayscale variance, signal-to-noise ratio, contrast-to-noise ratio,
voxel intensity dispersion); future work should combine rater assessments with objective
measures in larger multi-device datasets. The results of this present study should be inter-
preted within the context of its limitations. First, the use of a phantom model, may not fully
replicate the beam attenuation and scatter encountered in clinical practice. While a phan-
tom model provides perfect standardization and repeatability, it cannot replicate potential
patient discomfort or compensatory movements induced by the novel head tilt maneuver.
Second, the use of a single CBCT device and the focus on the maxillary premolar/molar
region limits the generalizability of our findings, as image quality and artifact expression
can vary between different anatomical regions, scanners and acquisition protocols.

5. Conclusions
The findings demonstrate that an individual head tilt during image acquisition sig-

nificantly improves subjective image quality and reduces artifact interference in the ROI,
consistent with our a priori expectation. These findings may also inform the future devel-
opment of patient positioning aids designed to facilitate precise and reproducible head
angulation during small-FoV CBCT scans. As a pragmatic chairside takeaway, applying
the recommended head tilt may be most relevant in cases where multiple contralateral
metallic restorations are visible on existing panoramic radiographs or have been previously
diagnosed. The degree of head tilt should be chosen based on the width of the jaw and the
dimensions of the metallic restoration or object. When applying such an approach, one
should keep in mind that in the mandibular premolar or molar region, a reverse head tilt
toward the ROI may be necessary.
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