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Introduction: The aim of this study was to determine the accuracy of digital panoramic
radiography in estimating the height of bone between alveolar crest and anatomical landmarks
Article info: of both jaws (maxillary sinus and inferior alveolar nerve canal) in molar and premolar areas
Received: 16 Mar 2023 in comparison with CBCT.
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Avallable Online:10 Auq 2023 Materials and Methods: A total of 217 samples from patients who had both digital panoramic
radiographs and CBCT before implant insertion were selected. Shortest distance between
alveolar crest and IANC (of mandible), and between the alveolar crest and maxillary sinus (of
maxilla) in molar and premolar area has been measured. The differences of these

measurements have been analyzed using paired t-test, the Bland-Altman plot and ICC.

Results: Measurements of panoramic radiography were significantly greater than CBCT in
mandibular premolar and molar area plus maxillary premolar area (p<0.001, p<0.001, p=0.008
respectively), but the results were insignificant in maxillary molar area (p=0.147). By using
ICC, the measurements were closely and positively correlated in all areas, with correlation
coefficient ranging from 0.916 to 0.947. The Bland-Altman plots showed significant
difference between two modalities except maxillary molar area (p<0.05).

Conclusion: Panoramic radiographs contain valuable information of both jaws, however they

'C(eyr’“d‘: ed could not be reliable for meticulous measuring such as distance to anatomical regions- except
one-beam compute . R . . - . .
tomography P posterior maxillary one - in surgeries. So that, it is essential to use precise 3D systems such as
Dental implants CBCT for implant measurements.
Panoramic radiography
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1. Introduction

owadays, dental implants have shown

remarkable results in treatment of missing

teeth, full mouth rehabilitation; to maintain

facial aesthetic and functions (1,2). They
have become an ideal option in treatment plans of
edentulous mouths due to stable outcomes and high
success rate (3). However, the success can be affected by
many complications, such as too much proximity to
anatomic landmarks like inferior alveolar nerve canal
(IANC) and the floor of maxillary sinus. Invasion to these
areas may lead in pain, swelling, hemorrhage, infection
and area-specific symptoms such as mucosa perforation
and epistaxis, and sensory disturbance and limitation of
mouth opening due to soft and hard tissue damage (4-6).

Thorough clinical and radiological examinations play
an important role in avoiding complications and
improving treatment success (7). It is a prerequisite to
estimate the distance between alveolar crest and these
anatomical structures by different radiographic
modalities pre-operatively.

One of these modalities, digital panoramic radiography
has been widely used, since they are cost-effective,
readily available and offering a noticeable amount of
information about jaws and dentition albeit its reduced
radiation dose (8-9). However, image distortion and
unequal magnification is its inherent feature due to its
two-dimensional (2D) view. Additionally, the blurred
view of structures outside the focal trough as well as other
ghosts an artifacts would deteriorate the quality of the
radiographs (7). These disadvantages could cause errors
in distance estimation and lead in damage to critical
anatomic sites.

Newer advanced imaging systems have been invented
using three-dimensional (3D) reconstruction methods.
Cone-Beam Computed Tomography (CBCT) is the one
becoming widely utilized in oral and maxillofacial
practice (10). CBCT obtains a large amount of data in a
relatively short period of X-ray exposure and provides
images with higher resolution in several orthogonal
planes (11).

The aim of this study was to evaluate the accuracy of
digital panoramic radiography compared to CBCT in
determining the distance between the alveolar crest and
floor of maxillary sinus in the maxilla, and between the
alveolar crest and inferior alveolar nerve canal (IANC) in
the mandible.

2. Materials and Methods

In this cross-sectional analytic study, all panoramic and
CBCT radiographs of patients, referred to a private
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maxillofacial radiology office from Mar 2017 to Mar
2018, were collected. All the patients were either males
or females between 14 to 73 years old. Premolar or molar
dentitions in their respective jaw, if being important in
measuring, should have been present. The radiographs
which 1.the condition of patient’s dentition was different
in panoramic and CBCT radiographs, 2. more than six-
month period between two radiographs, 3. without high
quality and resolution and 4.not in right position and
desired field of view were excluded. At last, 217 samples
were included. The demographic data of patients were
concealed due to ethical issues. This study is approved
By Resaerch Ethics Committee of Guilan University of
Medical Sciences (Code No: IR.GUMS.REC.1396.275).

The brand of the CBCT imaging device was NewTom
3G (NewTom, Verona, lItaly) and its reconstruction
software was NNT viewer Version 4 (with considering
the slice thickness of 1mm, the step of 1mm and the
section width of 30 mm). The measurements were
performed bilaterally if the other side was available.
Exposure parameters were customized to each patient

(Figure 1).
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Figure 1. Cross-sectional views of a CBCT scan of one of the
patients and their guide showing how the measurements had
been done

In the mandible, the shortest distance between alveolar
crest and superior border of IANC was measured in
cross-sectional images of two regions:

1.above the opening of mental foramen (premolar area)

2. between the contact of first and second molar (molar
area)
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Also in the maxilla, the shortest distance between
alveolar crest and floor of maxillary sinus was measured
in two regions:

1.distal of second premolar (premolar area)

2.mesial of second molar (molar area)

The digital panoramic device was Planmeca Poramax

Spring 2023, Volume 12, Number 2

Scara 3 (Helsinki, Finland) displaying on a 17-inch
monitor (LA1905WG, LG, Korea; Resolution: 1280
*1024 pixels), being set in right position and standard
exposure conditions. The shortest distance in respective
locations of the radiographs was measured by a precise
caliper tool with 100% scale (Figure 2).

Figure 2. A digital caliper showing how the measurements were done on a panoramic radiograph of one of the patients

Two skilled observers separately extracted the needed
data from the scans and radiographs and the inter-
examiner accordance was evaluated. All the
measurements were repeated after 10 days by the same
observer to reduce intra-examiner bias.

Descriptive values such as mean, standard deviation
(SD) and 95% of confidence interval (95% CI) were
gathered. Statistical analysis was performed by using
Statistical Package for the Social Sciences (version 21 for
Windows; SPSS, Chicago, IL, USA). To compare the
measurements of two modalities, paired t-test and Bland-
Altman plots were utilized. To check the validity and
reliability of data between the observers and the
frequency of testing for each observer, intra-class
correlation (ICC) was used. The level of significance of
5% ( «=0.05) was considered for all analytic tools.

3. Results

In this cross-sectional analytic study, 217 CBCT scans
and their respective panoramic radiographs (109 of
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maxilla and 108 of mandible) were collected. 53.25% of
radiographs belonged to females and 46.75% to males
between 14 to 73 years old.

The mean values of distance measurements between the
alveolar crest and anatomical regions are shown in Table
1. Result of paired t-test and their significance in all
groups have been shown in Table 2. In all regions there
was significant difference between two modalities except
in the maxillary molar area (p= 0.147). Moreover, the
Bland-Altman plots have been illustrated for all regions

(Eigure 3).

The results of ICC of inter-observer reliability between
the paired samples obtained from two modalities have
been shown Table 3. The level of agreement of 0.7 was
considered acceptable for the correlation coefficient (r).
All the measurements. In addition, the rate of
overestimation and underestimation of panoramic
radiography compared to CBCT has been measured and
shown in Table 4.

ial Radiology, Pathology and Surgery. 2023; 12(2): 36-43
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Table 1. Measurements of distance to anatomical landmarks on digital panoramic radiography (PAN) and CBCT in molar and premolar

region
Region Modality Mean and SD of measurements

Premolar area PAN 10.49+4.08

Maxillary Sinus CBCT 10.03+4.03

Molar area PAN 8.9943.29

CBCT 8.73+3.41

§ : Premolar area PAN 154,54
Mandibular Inferior Alveolar Nerve CBCT 13.93+3.90
Canal N, PAN 14.96+4.27
CBCT 13.864+0.54
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Table 2. The mean and SD of difference between panoramic and CBCT measurements and results of paired t-test

Area of jaw Mean and SD of difference T test P
Maxillary premolar 0.46+1.78 4.602 0.008
Maxillary molar 0.26+1.86 2.594 0.147
Mandibular premolar 1.47+2.03 5.33 <0.001
Mandibular molar 1.09+1.97 4.08 <0.001
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Figure 3. The Bland-Altman plots showing comparison of two modalities in different jaw areas
(upper left= mandibular premolar, upper right= mandibular molar, lower left= maxillary premolar, lower right= maxillary molar)
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Table 3. Correlation Coefficients (r) of ICC analysis between measurements of panoramic radiography and CBCT at different regions

Region Correlation Coefficient
Maxillary Premolar 0.949
Maxillary Molar 0.916
Mandibular Premolar 0.939
Mandibular Molar 0.947
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Table 4. Rate of overestimation and underestimation of panoramic measurements compared to CBCT

Region Overestimation(%) Underestimation(%o)
Maxill Premolar area 66.1 27.5
axalia Molar area 56.9 37.6
. Premolar area 75.9 225
Wpmeble Molar area 81.5 18.5

In the maxilla, the measurements of premolar area on
panoramic radiography was 1.78 = 0.46 mm higher than
CBCT (t=4.602, p<0.05). In addition, the results of
panoramic radiography showed 27.5% underestimation
and 66.1% overestimation compared to CBCT. In molar
area, the measurements of panoramic radiography was
0.26 £1.86 mm greater than CBCT (t=2.594, p=0.147),
however, there was not significant difference just in this
area. The results of panoramic radiography showed
37.6% underestimation and 59.6% overestimation in
comparison with CBCT.

In the mandible, the measurements of premolar area on
panoramic radiography was 2.03 = 1.47 mm higher than
CBCT (t=5.33, p<0.05). In addition, the results of
panoramic radiography showed 22.5% underestimation
and 75.9% overestimation compared to CBCT. In the
molar area, the measurements of panoramic radiography
was 1.09+£1.97mm greater than CBCT (t=4.08, p<0.05).
The results of panoramic radiography showed 18.5%
underestimation and 81.5%  overestimation in
comparison with CBCT.

The results of ICC showed that in all regions, the
measurements of panoramic and CBCT radiography were
closely and positively correlated ranging from 0.916 to
0.947. (Table 3). The ICC values were more than 0.7,
indicating good reliability.

In all regions, none of Bland-Altman plots included zero
in 95% CI of the measurements; meaning that the two
modalities were significantly different (p<0.05).

4. Discussion

Damaging vital anatomical structures must be avoided
in every dental procedure especially implant insertion.
Invasion to inferior alveolar nerve canal (IANC) or floor
of maxillary sinus are one of those with high rate of
complications. Thorough investigation of these areas and
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estimating remaining alveolar bone height via correct
radiological techniques are substantial beforehand.

Digital panoramic radiography is a great tool giving a total
scheme of both jaws simultaneously but it is shown that it
would rather not completely rely on its measurements
because of two-dimensional (2D) view of three-
dimensional (3D) structures. Consequently, in CBCT
reconstructed 3D images, the morphology of alveolar ridge
and the height of alveolar bone can be accurately
displayed(12,13) showing buccolingual thickness, mesio-
distal width, fine bony structures and their anatomical
relationship with surrounding anatomical structures,
especially IANC and the maxillary sinus(14).

In the present study, the accuracy of digital panoramic
radiography and CBCT was evaluated in determining the
alveolar bone height from crest to IANC in lower jaw and
to floor of maxillary sinus in upper jaw. In the mandible
it was found out there was significant difference between
two modalities in both molar and premolar areas
(p<0.05).  Panoramic  radiography has  shown
underestimation in 22.5% of samples in premolar area
and 18.5% of molar ones compared to CBCT.
Additionally, it had overestimation in 75.9% of samples
in premolar area and 81.5% of molar ones. In the maxilla,
there was significant difference between two modalities
in premolar area (p<0.05) but in molar areas there were
not (p>0.05). Panoramic radiography has shown 66.1%
of overestimation in premolar areas and 59.6% of that in
molar ones; while its rate of underestimation was 27.5%
in premolar areas and 37.6% in molar ones. Moreover,
findings of ICC showed that in all groups, opinions of one
observer and between the observers were in accordance.

The different results in maxillary jaw between molar
and premolar areas could be explained in order that the
form and symmetry of dental arch, teeth arrangement,
teeth shape, tilt angle of teeth and surrounding tissues

ial Radiology, Pathology and Surgery. 2023; 12(2): 36-43
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also have effect on the imagel4. So, It is anticipated that
the accuracy of panoramic radiography might be lower in
premolar area and more distortion and magnification
would be seen in turning point of the jaws.

Many of previous studies have exerted similar results.
Malina-Altzinger et al (15) assessed the maxillary sinus
in panoramic and CBCT radiographs. CBCT showed
more accurate measurements. However, there was more
significant difference observed in panoramic images in
contrast to the present study. In some studies, the
difference between CBCT and panoramic images have
been investigated and compared to real measurements on
jaw bone (probing during mucoperiosteal flap surgery in
the study of Babaloo et al (16) and measuring dried skull
dimensions with digital caliper in the study of Talayipoor
et al (17)). Both of them found CBCT more precise than
panoramic radiography. Abdinian et al (18) compared the
accuracy of linear (horizontal and vertical) and angular
measurements in panoramic and CBCT images. They
outlined anterior, canine, premolar and molar area by
gutta-percha as opaque markers. CBCT in all three
dimensions was more accurate than panoramic images.
The difference was maximized in horizontal
measurements and minimized in angular ones.

Tang et al (14) found that the measurements of
panoramic and CBCT were highly correlated; however,
they would be significantly different in patients with
periodontal problems because of decreased density of
alveolar bone. In the present study, clinical examination
and periodontal situation had not been recorded. This
issue could have impact on measurements and it is more
accurate to consider clinical situation.

In the study of Guerro et al (19), measuring the height
of bone in posterior parts of mandible using panoramic
radiography leaded in choosing longer implant fixtures
(overestimation); but the difference in anterior parts was
not significant. In the present study, both molar and
premolar areas had overestimated measures via
panoramic imaging; molar area showed greater amounts
but was not significant (p>0.05).

On the other hand, some studies did not agree with the
present findings. Amarnath et al (11) found no significant
difference in bone height amounts by panoramic or CBCT
compared to direct ridge mapping. In contrast to the current
study, panoramic radiography showed more tendency to
underestimation in posterior parts of mandible.

In the present study, one of the probable reasons causing
overestimation in the mandibular molar area, would be
the fact that the IANC had been located buccally in these
jaws and the measurement had been done from the crest
level to the inferior border of the mandible with ignoring
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the safe area for the IANC (Table 4).

Hu et al (20) reported that using digital panoramic
radiography was safe in surgical treatment plans in the
mandible; but suggested to use CBCT in determining
buccolingual dimension of maxillary alveolar bone. The
difference between two studies may originate from
measuring methods. They measured the distances in new
cadavers using surgical guides; while, in current study,
distances were measured by digital ruler and caliper to be
statically compared.

Although, according to the findings of the present study,
there is statistically significant difference between CBCT
and digital panoramic radiography (Table 2); Panoramic
radiographs could still be used in clinical practice;
because, based on standard deviations (Table 1),
panoramic radiography can be acceptable when the
remaining bone height is more than 12 mm in panoramic
radiographs (21). Additionally, it can be helpful in
primary determination of fixture height in treatment
planning, or in measurements of surgeries like sinus lift
or bone augmentation.

After all, according to probable complications and
contradictions among studies, it is reasonable to use
CBCT in meticulous measurements, especially if the
remaining bone height is less than 10 mm in panoramic
radiography (21). Moreover, it is suggested to consider
periodontal and other clinical examinations to make the
best decision about the measuring methods.

6. Conclusion

Panoramic radiographs contain valuable information of
both jaws, however they could not be reliable for
meticulous measuring such as distance to anatomical
regions- except posterior maxillary molar area - in
surgeries. So that, it is essential to use precise 3D systems
such as CBCT for implant measurements.

Ethical Considerations
Compliance with ethical guidelines
IR.GUMS.REC.1396.275
Funding
None.
Authors’contributions

Farzaneh Ostovarrad: Conceptualization, Methodology,
Writing - Review & Editing Hadi Ranjzad: Resources,
Investigation, Visualization Faezeh Kashi: Methodology,
Visualization Amir Delsouz Khaki: Writing - Original
Draft, Data Golabatoon Maleki: Funding acquisition,
Project administration, Supervision

ial Radiology, Pathology and Surgery. 2023; 12(2): 36-43




10.

11.

Journal of

Dentomaxillofacial

Radiology, Pathology and Surgery

Conflict of Interests

The authors declared no potential conflict of interest in
personal, financial or other fields with respect to the
research, authorship, and/or publication of this article
within three years of beginning the submitted work.

Availability of data and material

The datasets used and/or analyzed during the current
study are available from the corresponding author on
reasonable request.

Acknowledgments

This study is based on two undergraduate thesis entitled

References

Guillaume B. Dental implants: A review. Morphologie. 2016;
100(331): 189-98. [DOI: 10.1016/j.morpho.2016.02.002] [PMID]

Gowd MS, Shankar T, Ranjan R, Singh A. Prosthetic
Consideration in Implant-supported Prosthesis: A Review of
Literature. J Int Soc Prev Comm Dent. 2017; 7(Suppl 1): S1-57.
[DOI: 10.4103 /jisped.JISPCD_149_17] [PMID] [PMCID]

Ali SA, Karthigeyan S, Deivanai M, Kumar A. Implant
rehabilitation for atrophic maxilla: a review. ] Indian
Prosthodont Soc. 2014; 14: 196-207. [DOI: 10.1007/s13191-014-
0360-4] [PMID] [PMCID]

Ismail Y, Azarbal M, Kapa S. conventional linear
tomography:protocol for assesing endosseous implant site. ]
Prosthet Dent. 1995, 73(2): 153-7. [DOI: 10.1016/s0022-
3913(05)80155-6] [PMID]

Kaeppler G. application of cone beam computed tomography in
dental and oral medicine. Int ] Comput Dent. 2010; 13(3): 203-19.
[PMID]

Matzen L, Wenzel A. Efficacy of CBCT for assessment of
impacted mandibular third molars : a review-based on
hierarchical model of evidence. Dentomaxillofac Radiol. 2015;
44(1): 20140189. [DOI: 10.1259/ dmfr.20140189] [PMID] [PMCID]

Oznur Ozalp, Huseyin Alican Tezerisener, Burak Kocabalkan,
Ulviye Sebnem Buyukkaplan, Mehmet Mustafa Ozarslan, Goksel
Simsek Kaya, et al. Comparing the precision of panoramic
radiography and cone-beam computed tomography in avoiding
anatomical structures critical to dental implant surgery: A
retrospective study. Imaging Sci Dent. 2018; 48(4): 269-75. [DOI:
10.5624,/isd.2018.48.4.269] [PMID] [PMCID]

Ahlqwist M, Halling A, Hollender L. Rotational panoramic
radiography in epidemiological studies of dental health.
Comparison between panoramic radiographs and intraoral full
mouth surveys. Swed Dent J. 1986; 10(1-2): 73-84. [PMID]

Lecomber AR, Yoneyama Y, Lovelock DJ, Hosoi T, Adams AM.
Comparison of patient dose from imaging protocols for dental
implant planning using conventional radiography and
computed tomography. Dent maxillofac Radiol. 2001; 30(5): 255-
9. [DOI: 10.1038/sj/ dmfr/4600627] [PMID]

Verstreken K, Van Cleynenbreugel ], Marchal G, Naert I, Suetens
P, van Steenberghe D. Computer-assisted planning of oral
implant surgery: a three-dimensional approach. Int J Oral
Maxillofac Implants. 1996; 11(6): 806-10. [PMID]

Amarnath GS, Kumar U, Hilal M, Muddugangadhar BC,

Ostovarrad F, et al. Accuracy of Panoramic Radiography in Determining the Distance to Anatomical Landmarks Compared to Cone-Beam Computed T

12.

13.

14.

16.

17.

18.

19.

20.

Spring 2023, Volume 12, Number 2

“Evaluation of the digital panoramic radiography
accuracy in determining interforaminal mandible region
bone height among edentulous patients candidated for
receiving implant- assisted overdenture at a private dental
office in Rasht, in 1396” by Golabatoon Maleki
(Registration no: 2909610190) and “Evaluation of the
digital panoramic radiography accuracy in determining
maxilla bone height among edentulous patients
candidated to receive implant- assisted overdenture at a
private dental office in Rasht, in 2019” by Amir Delsouz
Khaki (Registration no: 2929804311), both of them
performed at Guilan University of medical sciences
(GUMS), Dentistry Faculty.

Anshuraj K, Shruthi CS. Comparison of cone beam computed
tomography, orthopantomography with direct ridge mapping
for pre-surgical planning to place implants in cadaveric
mandibles: an ex-vivo study. J Int Oral Health. 2015; 7(1): 38-42.
[PMID] [PMCID]

Loubele M, Van Assche N, Carpentier K, Maes F, Jacobs R, van
Steenberghe D, et al. Comparative localized linear accuracy of
small-field cone- beam CT and multislice CT for alveolar bone
measurements. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod. 2008; 105(4): 512-8. [DOI: 10.1016/].tripleo.2007.05.004]
[PMID]

Suomalainen A, Pakbaznejad Esmaeili E, Robinson S.
Dentomaxillofacial imaging with panoramic views and cone
beam CT. Insights Imaging. 2015; 6(1): 1-16. [DOI:
10.1007/513244-014-0379-4] [PMID] [PMCID]

Tang z, Liu X, Chen k . comparison of digital panoramic
radiography versus cone beam computed tomography for
measuring alveolar bone. Head face med. 2017; 13(1): 2. [DOL:
10.1186/s13005-017-0135-3] [PMID] [PMCID]

. Malina-Altzinger J, Damerau G, Gritz KW. Evaluation of the

maxillary sinus in panoramic radiography- a comparative study.
Implant Dent. 2015; 1(1): 17. [DOI: 10.1186/s40729-015-0015-1]
[PMID] [PMCID]

Babaloo A, Eslambulchilar SA, Ghasemi SH, Johari M.
diagnostic value of panoamic radiography,cone beam computed
tomography(CBCT)and clinical measurment in determining
bone dimensions. Adv Biosci. 2015; 03(03): 7. [Link]

Talaeipour A, Hafezi LL, Gurang S, Sajedi S, Yazdanpanah S.
Efficacy of digital panoramic radiography devices and CBCT in
measuring the minimum distance between the floor of maxillary
sinus and the alveolar crest (A comparison). ] Res Dent Sci.
2014;11(1):45-9. [Link]

Abdinian M, Soheilipour F, Nazeri R, Ghorbanizadeh S.
Investigation of the magnification of digital panoramic
radiographs in different regions of the jaws. SRM ] Res Dent Sci.
2017;7(1):10-6. [DOI: 10.4103/0976-433X.176476]

Guerrero ME, Noriega J, Castro C, Jacobs R. does cone-beam CT
alter treatment plan comparison of preoperative implant
planning using panoramic versus cone-beam CT images.
Imaging  Sci  Dent.  2014;  44(2): 121-8.  [DOL
10.5624/isd.2014.44.2.121] [PMID] [PMCID]

Hu KS, Choi DY, Lee HJ. Reliability of Two Different Presurgical
Preparation Methods For Implant Dentistry Based on Panoramic

Journal of D ial Radiology, Pathology and Surgery. 2023; 12(2): 36-43



https://doi.org/10.1016/j.morpho.2016.02.002
https://pubmed.ncbi.nlm.nih.gov/26995275/
https://doi.org/10.4103/jispcd.jispcd_149_17
https://pubmed.ncbi.nlm.nih.gov/28713760/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc5502545/
https://doi.org/10.1007/s13191-014-0360-4
https://doi.org/10.1007/s13191-014-0360-4
https://pubmed.ncbi.nlm.nih.gov/25183902/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4148518/
https://doi.org/10.1016/s0022-3913(05)80155-6
https://doi.org/10.1016/s0022-3913(05)80155-6
https://pubmed.ncbi.nlm.nih.gov/7722930/
https://pubmed.ncbi.nlm.nih.gov/20879460/
https://doi.org/10.1259/dmfr.20140189
https://pubmed.ncbi.nlm.nih.gov/25135317/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4277437/
https://doi.org/10.5624/isd.2018.48.4.269
https://doi.org/10.5624/isd.2018.48.4.269
https://pubmed.ncbi.nlm.nih.gov/30607351/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc6305775/
https://pubmed.ncbi.nlm.nih.gov/3518113/
https://doi.org/10.1038/sj/dmfr/4600627
https://pubmed.ncbi.nlm.nih.gov/11571544/
https://pubmed.ncbi.nlm.nih.gov/8990645/
https://pubmed.ncbi.nlm.nih.gov/26225103/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4516070/
https://doi.org/10.1016/j.tripleo.2007.05.004
https://pubmed.ncbi.nlm.nih.gov/17900939/
https://doi.org/10.1007/s13244-014-0379-4
https://doi.org/10.1007/s13244-014-0379-4
https://pubmed.ncbi.nlm.nih.gov/25575868/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4330237/
https://doi.org/10.1186/s13005-017-0135-3
https://doi.org/10.1186/s13005-017-0135-3
https://pubmed.ncbi.nlm.nih.gov/28228135/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc5322610/
https://doi.org/10.1186/s40729-015-0015-1
https://pubmed.ncbi.nlm.nih.gov/27747639/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc5005697/
https://journals.aiac.org.au/index.php/ABCMED/article/view/1543
https://jrds.ir/browse.php?a_id=290&slc_lang=fa&sid=1&printcase=1&hbnr=1&hmb=1
http://dx.doi.org/10.4103/0976-433X.176476
https://doi.org/10.5624/isd.2014.44.2.121
https://doi.org/10.5624/isd.2014.44.2.121
https://pubmed.ncbi.nlm.nih.gov/24944961/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4061295/

) Journal of . .
ﬂj Dentomaxillofacial Spring 2023, Volume 12, Number 2
L W Radiology, Pathology and Surgery

Radiography and Cone-Beam Computed Tomography in 21. Doundoulakis JH, Eckert SE, Lindquist CC, Jeffcoat MK. The

Cadavers. ] Periodontal Implant Sci. 2012; 42(2): 39-44. [DOL: implant-supported overdenture as an alternative to the complete

10.5051/jpis.2012.42.2.39] [PMID] [PMCID] mandibular denture. ] Am Dent Assoc. 2003; 134(11): 1455-8.
[DOI: 10.14219/jada.archive.2003.0073] [PMID]

Ostovarrad F, et al. Accuracy of Panoramic Radiography in Determining the Distance to Anatomical Landmarks Compared to Cone-Beam Computed T Journal of D il ial Radiology, Pathology and Surgery. 2023; 12(2): 36-43



https://doi.org/10.5051/jpis.2012.42.2.39
https://doi.org/10.5051/jpis.2012.42.2.39
https://pubmed.ncbi.nlm.nih.gov/22586521/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc3349045/
https://doi.org/10.14219/jada.archive.2003.0073
https://pubmed.ncbi.nlm.nih.gov/14664262/

