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ABSTRACT
Dental Implantology is an exciting and rapidly advancing
restorative field, and as with any surgical technique involving
manipulation of bone, medical imaging is an invaluable tool for the
implantologist. Imaging of the implant sites is required in the diagnostic,
surgical, prosthetic and follow-up stages of treatment. However, the sideeffects of ionizing radiation associated with medical imaging coupled with
an increasing risk of exposure to natural radiation weigh heavily against
the choice of imaging modality that is to be used. An informed choice
regarding the correct imaging modality at each stage of treatment is
therefore of prime importance in the successful treatment of the patient.
This review examines the various medical and dental imaging modalities
available to the implantologist and attempts to provide a guide for the
selection of imaging tool at various stages of treatment to ensure that all
required structures are clearly visualized while exposing the patient to the
minimal effective dose of radiation throughout the treatment and also
inthe follow-up stages.

INTRODUCTION
The rehabilitation of the Stomatognathic system of patients involves a complex dynamic of diagnosis,
treatment and follow-up. In all three realms of the rehabilitation process, the clinician must rely on observable
systemic and local clinical findings as well as support from Radiology and laboratory data.
Implantology is a rapidly advancingtreatment option in occlusal rehabilitation of partially dentate and
edentulous patients. The implantologist has to therefore to be up-to-date with advancingdiagnostic and treatment
procedures and technology for successful treatment and for the benefits of the patient. Failure to do so would put
the practitioner at a greater risk of failed treatment outcomes and malpractice liabilities [1, 2].
The Need for Imaging in Oral Implantology
One can safely state that “Imaging is required at every stage of treatment” in the field of Oral Implantology.
Literature has very clearly shown us that failure to employ the correct modality of diagnostic imaging i.e. one that
does not reveal critical structures or bony conditions [3,4,5,6] or utilize the same in the follow-up phase [7] can have
disastrous consequences for the patient. (Figure 1)
Frederikson [8] in the early days of oral implantology outlined the ideal requirements for an imaging
modality that could be used in diagnosis and treatment planning of a case for dental implantology. His guidelines
still hold good today and serve as a valuable tool in the selection of an imaging modality. However an analysis of his
guidelines will bring the implantologist to the conclusion that “No single treatment modality is ideal for all phases of
site selection and fixture evaluation – A Combination of Techniques is necessary”
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Figure 1: Accidental Migration of the Implant into the maxillary sinus, during an indirect sinus lift possibly due to
failure to estimate bone quality and quantity at the floor of the sinus.
Imaging Modalities at the Disposal of the Implantologist
Currently the imaging modalities that are available for use may be summarized as:
1. 2-Dimentional Imaging (Plain Film and Digital)
a.
b.
c.
d.

Intraoral Radiography
Cephalometric Radiography (Cranial Teleradiography)
Panoramic Radiography
Conventional Film Tomography

2. 3-Dimensional Imaging
a.

Computed Tomography (CT)
i. Conventional CT
ii. Cone Beam CT (CBCT)
iii. Magnetic Resonance Imaging (MRI)

The Intra-Oral Radiograph or the periapical radiograph (IOPA) is a readily available, quick, chair-side
modality. Its value in the surgical and post-operative follow-up stages has been well documented. In the hands of a
skilled clinician, the Standardized periapical radiograph [9] using a long cone paralleling technique [10] is capable of
delivering accurate images in terms of longitudinal measurement of bone height and implant lengths. However the
critical landmarks are such as the mandibular canal and maxillary sinus are generally not visible in the small field of
the radiograph.
Table 1 – Overview of Effective Radiation Doses in Implant Diagnostic Imaging
Imaging Modality
Intra-Oral Periapical (IOPA)[43]
Panoramic [33]
Transverse Slices [33]
3D Computed Tomography (Low Dose) [33]
3D Cone Beam Volumetric Imaging
(CBVT/CBCT)[33]

Effective Dose(µSv)
5-35
6.2 µSv ; 5 to 14 µSv (Digital)
10 µSv; 16 to 21 µSv (film)
3 to 12 µSv
150 to 610 µSv
20 to 599 µSv

Orthopantomography (OPG)or Panoramic Radiographs (PA)provides a wide, overall view of the dentition or
residual ridges of both the maxilla and mandible with a small radiation dose (Table 1). Beason et al [11] reported
that 95% of dentists took panoramic radiographs as a pre-surgical assessment radiograph. Sakakura et al [12]
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reported that 80% of dentists took Panoramic Radiographs either as a single examination or in combination with
peri-apical radiographs.
The image is however, subject to magnification errors in the vertical plane,distortion in the horizontal
plane.True image data may not represent the actual dimensions at a particular location. The data may also be
inconsistent between different positions in the arch.
The panoramic radiograph is particularly of use in treatment planning and post-surgical evaluation of cases
where multiple implants have been placed, however it must be remembered that panoramic radiographs possess
limitations for assessing implant sites when used alone [13]. Immediate post-surgical evaluation and follow-up for
zygomatic implants can be accomplished only with the panoramic radiograph.
Table 2 – Public Exposure to Natural Radiation [49]
Source of exposure
Cosmic Radiation

External Terrestrial
Radiation
Inhalation

Ingestion

Direct Ionizing and Photon
Component
Neutron Component
Cosmogenic
Radionucelotides
Total Cosmic and
Cosmogenic
Outdoors
Indoors
Total External Terrestrial
Radiation
Uranium and Thorium Series
Radon (222Rn)
Thoron (220Rn)
Total Inhalation Exposure
40K
Uranium and Thorium Series
Total Ingestion Exposure
Total

Annual Effective Dose (mSv)
Average
Typical Range
0.28
0.10
0.01
0.39

0.3-1.01

0.07
0.41
0.48
0.006
1.15
0.1
1.26
0.17
0.12
0.29
204

0.3-1.0i

0.2-10ii
0.2-1.0iii
1.0-13

Cephalometric Radiography or Cranial Teleradiography gives information on the mandibular symphysis for
central edentulous areas, including angulations and vestibule-lingual thickness. Preoperative frontal and profile
cranial radiography images are useful prior to bone grafting allowing precise evaluation of the donor site, including
cranial vault thickness and bone volume at the symphysis [14]. In addition it also provides information on the
inclination of the maxillary and mandibular alveolar processes, and on their vertical and facial-lingual dimensions in
the mid-sagittal plane.
Conventional Tomography is useful for planning single or multiple implants in a single quadrant [15]. In the
image obtained, structures of interest are relatively sharp allowing for a linear measurement of width and height to
critical structures and have been shown to be acceptable for dental implant planning [16]. Image detail of
surrounding structures may not be sharp due to slight patient movement or superimposition of adjacent structures.
The use of a metal marker is a necessity for panoramic machine to accurately position the slices. However some
authors argue that in the present day, conventional tomography is not of diagnostic value in dental implantology [17].
Computed Tomography (CT) [18,19]. Despite its limitations – high radiation dose, appropriate dental software
not always being available, high cost and beam artifacts and scatter from metal restorations, CT has established
itself as the gold standard in dental implant imaging [10].
“Computerized tomography provides a more accurate visualization of anatomic structures without superimposition
and allows for a continuous view of surface topography while preserving the soft tissue detail” [20]. (Figure 2)
Computed Tomography has been found to be of immense use in the pre-surgical (diagnostic) stage [21, 22]
especially where bone augmentation procedures and the need for the visualization of critical structures such as the
maxillary sinus [23], and inferior alveolar nerve is critical. CT has also proven itself in the follow-up of grafted sites [24,
25]. The implantologist must remember that CT is of no value in the assessment of the integration of the implant as
a radiolucent band is usually present around the implant on CT Images [10].
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Figure 2 – CT-Scan data providing continuous viewing of diagnostic data in a case with deficient bone and
pnematized sinus.
Data from the DICOM image generated from the machine allows for digital planning [26] and digital mock
surgeries to be performed aiding in selection of implant fixtures and generation of CAD-CAM surgical stents.
Cone Bean Computed Tomography(CBCT):CBCT allows the creation in “real time” of images not only in the
axial plane but also 2-dimensional (2D) images in the coronal, saggital and even oblique or curved image planes - a
process referred to as multiplanar reformation (MPR). In addition, CBCT data are amenable to reformation in a
volume, rather than a slice, providing 3-dimensional (3D) information while simultaneously reducing the radiation
dose on the patient [27,28,29,30,31,32]. The superior radiographic information for high contrast structures in pre-surgical
planning using CBCT over Computed Tomography and Orthopantomography has been well documented [33,
34,35].CBCT has also been advocated for sinus graft assessment and Bone Block Graft assessment [36]. However,
obtaining bone density readings from the CBCT data is difficult as the technique does not use Hounsfields.
Dental Cone Beam CT Units are now available that are the sizes of present day Panoramic Radiograph
machines, generally allowing the unit to have both – sensors for panoramic radiography and the Cone Beam CT in
one machine. The patient isallowed to sit or stand based on the construction of the machine and manufacturer.
Magnetic Resonance Imaging (MRI) measures spin-down rates of photons in the body within a magnetic
field and provides enhanced imaging contrast between soft tissue structures. The lack of ionizing radiation is a
promising advantage of MRI.
MRI, when compared with CT, has been reported to be reliable in respect to bone measurements for dental
implant planning [37]. However, studies by other authors havestated that MRI has been shown to have only a
potential for pre-implant imaging due to the limited bone information generated [38, 39] and large costs to the
patient.
Hubálková H et al [40, 41] and Costa AL et al [42] have reported that orthodontic wires, dental implants and
metallic restorations do produce artefacts on the MRI image that may even render the resultant image useless, but
do not pose a threat to a patient undergoing an MRI examination.
The Dental Implant Radiology Prescription – Factors to be considered
Radiological diagnosis for treatment planning as well as effective evaluation during surgical and prosthetic
phases,and future continuous evaluation of the treated patient is the prime requirement in the treatment of
patients with osseointegrated supported prosthesis.
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A prescription for radiographs in the treatment should be made keeping in mind the guidelines put forward
by Frederikson [8], the requirement at each stage and the effective dose of radiation that the patient would be
exposed to at the end of the treatment process and follow-up appointments.
The recommended annual dose limits of radiation for the general public has been cited as 5mSv for
infrequent exposure and 1mSv for non-continuous exposure. A 50mSv limit has been cited for the lens of the eye,
skins and extremities[43]. Normal radiographic diagnostic procedures, even the periapical radiograph result in a
comparatively large dose of radiation to the patient. Table 1 [43, 44] outlines the effective radiation doses for various
imaging modalities in implant dentistry.
A significant point that one should remember is that the rehabilitation with osseointegrated supported
prosthesis is a procedure which could very well take months to complete. In this time frame, the patient would
possibly be exposed to a number of other natural and man-made sources of radiation [45,46,47,48] the largest of which
would be from medical imaging for a non-dental condition which may arise during the course of the implant
treatment. It therefore becomes imperative that these external sources be factored into the radiology prescription
at every point of implant treatment. Table 2 lists the public exposure to Natural Radiation [49].
When prescribing a radiograph during any of the stages of implant treatment the implantologist must take
into account the cumulative amount of radiation that the patient is has been exposed to, the current exposure and
what possible exposure he/she may undergo in the near future.
Based on the above considerations, the authorspropose the following guide for the prescription of
radiographs over the course of implant treatment. An overview of the guide is given in Tables 3 and 4. Figure 3
provides a schematic work-flow and sequence of the various imaging modalities in the sequence of rehabilitating a
patient with animplant-supported-prosthesis.
For diagnostic scenarios which do not involve bone augmentation or sinus lift procedures the implant
surgeon would find that the use of panoramic radiographs with diagnostic markers would be more than adequate
(Fig 4a). In cases where immediate extraction and placement of implants are indicated, a periapical radiograph with
a radiographic marker alongside the tooth indicated for extraction would provide data for calculation of the length
and width of the required implant fixture, (Fig 4b) which again could be verified when the tooth is atraumatically
removed. Cases involving single implant restorations in the presence of a pneumatized sinus can be successfully
diagnosed with a periapical radiograph with a radiographic marker properly positioned. (Fig 4c). Conventional
Transverse Slicing or conventional tomography will aid in the determination of the buccal-lingual dimension of bone
available in the absence of a CT-Scan. (Fig 4d)
The ideal radiographic marker would be a 5mm (diameter) metal sphere. Other radiographic markers that
may be used are Gutta Percha points and barium coated or specially designed radio-opaque teeth [50].
For cases which involve multiple implant fixtures such as a fixed full arch bridge or a removable
overdenture, diagnosis is accomplished with a panoramic radiograph containing radiographic markers at the
proposed implant sites.Only if difficulty is encountered in locating critical structures such as the mandibular canal
or if the sinus is found to be pneumatized is a CBCT or a Dental CT indicated. The CBCT or the Dental CT should be
the diagnostic aid of choice when the case requires bone augmentation – both at the donor and recipient sites for
the determination of bone volume and density of the donor graft and the bone at the recipient site.
When using radiographic markers are used Computed Tomography, a ball of 2mm diameter has been
recommended be used to reduce the amount of scattering that may occur in the image generated. The use of gutta
percha markers and radio-opaque teeth also provide the radiologist and technician information about the proposed
implant site [48].
Following placement of the graft, a panoramic radiograph with CT scan can be used to confirm the quality
of bone grafts in terms of density and homogeneity, perfect integration of the graft with existing bone, and the
absence of resorption of the graft or other bone fragments [14, 51].
The consolidation of graft is best visualized by microscopic examination of a specimen of the bone taken
prior to delayed placement of the fixture or at the time of loading when a fixture was placed simultaneously the time
of graft placement.
No matter how many fixtures are being placed, radiographs for in-surgical navigation must be made using
chair side periapical radiographs (preferably digital) for no more than practical reasons – the patient cannot be
repeatedly moved to a panoramic machine! Clinical use of paralleling pins would aid in reducing the number of insurgical navigation radiographs.
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Table 3: Radiographic Guide for the Implantologist for cases that Do Not Involve Hard Tissue Grafting

Prosthetic
Design

Single Tooth
Replacements

Region
Anterior
Maxilla /
Mandible
Posterior
Maxilla
Posterior
Mandible

Multiple Fixed
/ Removable
Prosthesis

Anterior
Maxilla /
Mandible

Posterior
Maxilla

Diagnostic
Tool
(With
Radiographic
Markers)
Panoramic
(OPG)
Panoramic
(OPG) orCone
Beam CT
orConventional
Dental CT
Panoramic
(OPG) orCone
Beam CT
orConventional
Dental CT
Panoramic
(OPG) orCone
Beam CT
orConventional
Dental CT

Surgical
In
Operative

Immediate
Post –
Surgical

Prosthetic
Phase

Follow-up

Estimated Minumum
Effective Dose at the
End of the 1st FollowUp Appointment

IOPAi

IOPAi

IOPAi

IOPA

26.5µSv

IOPAiv

Panoramic
(OPG)

1.

Panoramic
(OPG)iii
IOPAiii

27.4-50µSv
(Using Dental ConeBeam CT)

1.

Panoramic
(OPG) IOPA

27.4-50µSv
(Using Dental ConeBeam CT)

1.

Panoramic
(OPG)
IOPA

27.4-50µSv
(Using Dental ConeBeam CT)

IOPA

IOPAiv

Panoramic
(OPG)

IOPAiv

Panoramic
(OPG)

IOPA

IOPAiv

Panoramic
(OPG)

IOPA

2.

2.

Table 4: Radiographic Guide for the Implantologist for cases that Involve Hard Tissue Grafting
Surgical
Prosthetic
Design

Single Tooth
Replacements

Region

Diagnostic Tool
(With
Radiographic
Markers)

Anterior
Maxilla /
Mandible

Cone Beam CT
orConventional
Dental CT

Posterior
Maxilla

Panoramic
(OPG) orCone
Beam CT
orConventional
Dental CT
Panoramic
(OPG) orCone
Beam CT
orConventional
Dental CT
Panoramic
(OPG) orCone
Beam CT
orConventional
Dental CT
Conventional
Dental CT

Posterior
Mandible
Anterior
Maxilla /
Mandible
Multiple Fixed
/ Removable
Prosthesis

Posterior
Maxilla
Posterior
Mandible

In
Operative

Immediate
Post –
Surgical

Evaluation
of Graft

Prosthetic
Phase

Follow-up

IOPA

IOPA

Panoramic
(OPG)

IOPA

IOPA

IOPA

Panoramic
(OPG)

Panoramic
(OPG)

IOPA

Panoramic
(OPG)

Panoramic
(OPG)

IOPA

Panoramic
(OPG)

Panoramic
(OPG))

Panoramic
(OPG)

Panoramic
(OPG)

IOPA

1.
IOPA
2.
1.
IOPA
2.

1.
IOPA
2.

Panoramic
(OPG)
IOPA
Panoramic
(OPG)
IOPA

Panoramic
(OPG)
IOPA

Estimated
Minumum
Effective
Dose at the
End of the
1st Follow-Up
Appointment
56.2 µSv
(Using
Dental ConeBeam CT)
33.6-48.62
µSv
(Using
Dental ConeBeam CT)
33.6-48.62
µSv
(Using
Dental ConeBeam CT)
33.6-48.62
µSv
(Using
Dental ConeBeam CT)

iDepending

on radionuclide composition of soil and building material
on indoor accumulation of radon gas
iiiDepending on radionuclide composition of foods and drinking water
ivTo evaluate direction of osteotomy and proximity to nearby structures
vFor Immediate Post-Surgical Evaluation and final surgical placement
vito ensure accurate fit of the prosthesis at the abutment-implant junction and the prosthesis -abutment junction
viiFor General evaluation of the fixtures and prosthesis
viiiFor a specific evaluation of pathology around any of the implants.
iiDepending

During the prosthetic phase, single implant fixtures are examined for pathologies and osseointegration
using periapical radiographs. A true test of osseointegration would be a clinical examination of the fixture (E.g.: use
of the Osstel Diagnostic device), Multiple implants should be examined using a panoramic radiograph. A
conventional film based technique is recommended to avoid confusion due to mach band effects seen on digital
radiographs (Fig 5). Examination of the fit of the prosthetic restoration should always be examined with periapical
radiographs to avoid errors due to magnification and distortions seen on the panoramic film.
During the follow-up phase single implant restorations may be examined with peri-apical radiographs and
multiple fixtures with panoramic radiographs keeping in mind the mach band effect that may occur in a digital
radiograph. If reasonable doubt arises on the condition of one or more fixtures on the panoramic radiograph,
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periapical radiographs may be made of the fixtures in question. Zygomatic Implants should be mandatorily
evaluated with panoramic radiographs.
Figures 6 and 7show typical sequence of radiographs in the rehabilitation of a patient with implant
supported restorations.

Figure 3: A general Sequential flow of radiographs in the treatment of a patient with implant-supported-prosthesis

Figure 4: Use of Diagnostic Markers. a – Use on a panoramic radiograph. b – on a periapical radiograph to
determine available bone height from the sinus floor. c – adjacent to tooth indicated for immediate extraction and
implant placement, to determine implant length. d – In conventional tomography to aid in determination of buccolingual dimension and distance from the mandibular canal.
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Figure 5: Mach Band Effect: Radiolucent Halo’s around two healthy implants and metallic restorations

A

C

B

D

E

Figure 6: Sequence of Radiographs for treatment of loss of a single tooth with a dental implant: a- Scout OPG, bPre-Operative Peri-apical Radiograph. c- Immediate Post-Operative IOPA, d- IOPA prior to prosthetic phase to
evaluate osseointegration. e- Post Cementation peri-apical radiograph.

Figure 7: Sequence of Radiographs for treatment of a completely edentulous patient with dental implants. a- Preoperative panoramic radiograph with diagnostic markers. b – Post Operative. c and d – Evaluation of Prosthetics
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CONCLUSION
James Hunter said “Treat the patient not the X-Ray”
An imaging modalityshould be considered only a thorough clinical diagnosis of the case at hand and after
ensuring that the expertise is available to provide accurate assessment with that particular modality. This ensures
that the patient is not put in harm’s way or that the imaging modality be unwarranted for that case. Advances in the
field of medical imaging, both new and diversification of existing modalities [52], will no doubt provide better
visualization of structures for diagnosis, planning and treatment of the patient with possibly lower health risks for
the patients and operators
A complete dental oral implant treatment is therefore complete only when the correct imaging modality is
employed for the particular phase of the treatment.
ACKNOWLEDGEMENT
The authors would like to thank Dr. Shishir Ram Shetty, Associate Professor, Department of Oral Medicine
and Radiology, A. B. Shetty Memorial Institute of Dental Sciences for his advice during the preparation of the
manuscript.
Conflict of Interest (all authors)
There are no financial or other relations that could lead to a conflict of interest.
REFERENCES
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

Pollack BR: Legal Risk associated with implant dentistry. In: Hardin JF, editor, Clark’s Clinical Dentistry, Vol.
5. Philadelphia. J.B. Lippincott, 1992. Pg.1.
Bundy A: Radiology and the Law. Rockville Aspen Publishers, 1988. Pg. 95-107.
Mordenfeld A, Andersson L, Bergström B.: Hemorrhage in the floor of the mouth during implant placement
in the edentulous mandible: A case report. Int J Oral Maxillofac Implants. 1997; 12(4):558-61.
Isaacson RJ: Sublingual Hematoma formation during immediate placement of mandibular endosseous
implant. J Am Dent Assoc. 2004 Feb; 135(2):168-72.
Budihardja AS, Pytlik C, Haarmann S, Holzle F.: Hemorrhage in the Floor of the Mouth After Second-Stage
Surgery: Case Report. Implant Dent. 2006; 15(2):148-52.
Cascone P, Ungari C, Filiaci F, Gabriele G, Ramieri V.: A dental implant in the anterior cranial fossae. Int J
Oral Maxillofac Surg. 2010; 39(1): 92-3.
Reycheler H, Olszewski R: Intracerebral penetration of a zygomatic dental implant and consequent
therapeutic dilemmas: case report. Int J Oral Maxillofac Implants. 2010; 25(2): 416-8.
Frederikson NL: Diagnostic imaging in dental implantology. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod. 1995; 80(5): 540-54.
Price C: Standardized Periapical Radiographs. Proc R Soc Med. 1975; 68(2): 126-7.
Mansour PA, Dudhia R: Implant radiography and radiology. Aust Dent J. 2008 Jun;53 Suppl 1:S11-25
Beason RC, Brooks SL: Preoperative implant site assessment in southeast Michigan. J Dent Res. 80:137
(Abstr.810), 2001.
Sakakura CE, Morais JA, Loffredo LC, Scaf G.: A survey of radiographic prescription in dental implant
assessment. Dentomaxillofac Radiol. 2003; 32(6): 397-400.
Potter BJ, Shrout MK, Russell CM, Sharawy M: Implant site assessment using panoramic cross sectional
tomographic imaging. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 1997; 84(4): 436-42.
Khoury F, Antoun H, Missuka P: Bone Augmentation in Oral Implantology. Quintessence Publishing Co. Ltd.
2007.
Shetty V, Benson BW In: White SC, Pharoah MJ: Oral Radiology Principles and Interpretation. 5th Ed. Mosby
2004.
Peltola JS, Mattila M: Cross Sectional tomographs obtained with four panoramic radiographic units in the
assessment of implant site measurements. Dentomaxillofac Radiol. 2004; 33(5): 295-300.
Sethi A, Kaus T: Additional Diagnostic Procedures. In: Sethi A, Kaus T: Practical Implant Dentistry: The
Science and Art. Quintessence Publishing Company, Incorporated, 2005. Page 20.
FDA.org: Computed Tomography. [updated 2013 June 06; cited 2013 August 13]Available from
http://www.fda.gov/Radiation-Emitting
Products/Radiation
Emitting
Products
and
Procedures/MedicalImaging/MedicalX-Rays/ucm115317.htmd
Gahleitner A, Watzek G, Imhof H: Dental CT: imaging technique, anatomy, and pathologic conditions of the
jaws. Eur Radiol. 2003; 13(2): 366-76.
Williams MY, Mealey BL, Hamilton WW. The role of computerized tomoraphy in dental implantology. Int J
Oral Maxillofac Implants. 1992; 7(3): 373-80.

RRJDS | Volume 1 | Issue 3 | October-December, 2013

20

21.
22.
23.
24.
25.
26.
27.
28.
29.

30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.

e-ISSN:2320-7949
p-ISSN:2322-0090
Cremonini CC, Dumas M, Pannuti C, Lima LA, Cavalcanti MG: Assessment of the availability of Bone Volume
for Grafting in the Donor Retromolar Region using Computed Tomography: A Pilot Study. Int J Oral
Maxillofac Implants. 2010; 25(2): 374-8.
Bergkvist G, Joh KJ, Sahiholm S, Kilnström E, Lindh C: Bone Density at Implant Sites and its relationship to
assessment to Bone Quality and Treatment Outcome. Int J Oral Maxillofac Implants. 2010; 25(2): 321-8.
Neugebauer J, Ritter L, Mischkowski RA, Dreiseidler T, Scherer P, Ketterle M, et al: Evaluation of Maxillary
Sinus Anatomy by Conebeam CT Prior to Sinus Floor Elevation. Int J Oral Maxillofac Implants. 2010; 25(2):
258-65.
Tyndall DA, Rathore S: Cone-Beam CT Diagnostic Applications: Caries, Periodontal Bone Assessment, and
Endodontic Applications. Dent Clin North Am. 2008; 52(4): 825-41.
Park JB, Lim HS, Yoo KB: Computed Tomographic Evaluation of Sinus Augmentation with Simultaneous
Endosseous Implant Placement. Implant Dent. 2009; 18(5): 380-6.
Terzioglu H, Akkaya M, Ozan O: The Use of Computerized Tomography-Based Software Program with a
Flapless Surgical Technique in Implant Dentistry: A Case Report. Int J Oral Maxillofac Implants. 2009;
24(1): 137-42.
Ludlow, JB, Ivanovic M: Comparative dosimetry of dental CBCT devices and 64-slice CT for oral and
maxillofacial radiology. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 2008; 106(1): 106-14.
Scarfe WC, Farman AG: What is Cone Beam CT and How Does it Work? Dent Clin North Am. 2008; 52(4):
707-30.
FDA.org: Dental Cone-beam Computed Tomography. [updated 2013 May 07; cited 2013 August
13]Available
fromhttp://www.fda.gov/RadiationEmittingProducts/RadiationEmittingProductsandProcedures/MedicalImaging/MedicalXRays/ucm315011.htm
Scarfe WC, Farman AG, Sukovic P: Clinical Applications of Cone-Beam Computed Tomography in Dental
Practice. J Can Dent Assoc. 2006; 72(1):75-80.
Beltran C, Lukose R, Gangadharan B, Bani-Hashemi A, Faddegon BA: Image quality & dosimetric property
of an investigational Imaging Beam Line MV-CBCT. J Appl Clin Med Phys. 2009; 10(3): 3023.
MacDonald D: Oral and Maxillofacial Radiology: A Diagnostic Approach, John Wiley & Sons, 2011.
Dreiseidler T, Mischkowski RA, Neugebauer J, Ritter L, Zoller JE: Comparision of Cone-Beam Imaging with
Orthopantomography and Computerized Tomorgraphy for Assessment in Pre-surgical Implant DentistryInt J
Oral Maxillofac Implants. 2009; 24(2): 216-25.
Naitoh M, Hiraiwa Y, Aimiya H, Ariji E: Observation of Bifid Mandibular Canal using Cone-Beam
Computerized Tomography. Int J Oral Maxillofac Implants. 2009; 24(1): 155-9.
Song YD, Jun SH, Kwon JJ: Correlation between Bone Quality Evaluated by Cone-Beam Computerized
Tomography and Implant Stability. Int J Oral Maxillofac Implants. 2009; 24(1): 59-64.
Ganz SD in Sonick M, Hwang D: Implant Site Development.Wiley and Sons Ltd, 2012.
G. Pompa et al: A comparative study of Magnetic Resonance (MR) and Computed Tomography (CT) in the
pre-implant evaluation. Ann Stomatol (Roma). 2010; 1(3-4): 33-8.
Salvolini E, De Florio L, Regnicolo L, Salvolini U:Magnetic Resonance applications in dental implantology:
technical notes and preliminary results. Radiol Med. 2002; 03(5-6): 526-9.
Gray CF, Redpath TW, Smith FW, Staff RT. Advanced imaging: Magnetic resonance imaging in implant
dentistry.Clin Oral Implants Res. 2003; 14(1): 18-27.
Hubakova H, Hora K, Seidl Z, Krasensky J. Dental materials and magnetic resonance imaging. Eur J
Prosthodont Restor Dent. 2002; 10(3): 125-30.
Hubalkova H, La Serna P, Linetskiy I, Dostalova T: Dental Alloys and magnetic resonance imaging. Int Dent
J. 2006; 56(3): 135-41
Costa AL, Appenzeller S, Yasuda CL, Pereira FR, Zanardi VA, Cendes F. Artifacts in brain magnetic
resonance imaging due to metallic dental objects. Med Oral Patol Oral Cir Bucal. 2009; 14(6): E278-82.
Radiation Safety and Protection In: White SC, Pharoah MJ: Oral Radiology Principles and Interpretation. 6 th
Ed. Mosby 2008.
Keeve E, Kusch J, Hey J, Ritter L: Fundamentals of Cone-Beam Volumetric Imaging Technology IN Zöller JE,
Neugebauer J: Cone-beam Volumetric Imaging in Dental, Oral and Maxillofacial Medicine.
Wahl LE: Environmental Radiation. Health Phys Fact Sheet, 2010
Vasconcelos DC, Oliveira AH, Silva MRS, Penna R, Santos TO, Pereira C, Rocha Z, Menezes MA: Natural
Radioactivity in Extreme South of Bahia Brazil using Gamma-Ray Spectrometry. INAC 2009, Rio de Janeiro,
RJ, Brazil.
Green BMR, Hughes JS, Lomas PR, Janssens A: Natural Radiation Atlas of Europe. Radiation Protection
Dosimetry 1992; 45: 491-493.
Hendry et al: Human exposure to high natural background radiation: what can it teach us about radiation
risks? J Radiol Prot. 2009; 29(2A):A29-42.
United Nations Scientific Committee on Effects of Atomic Radioation: Sources and Effects of Ionizing
Radiation. UNSCEAR 2008 Report to the General Assembly. (Vol.1) Page 339.
Borrow JW, Smith JP: Stent Marker Materials for Computerized Tomograph – Assisted Implant Planning. Int
J Periodontics Restorative Dent. 1996; 16(1): 60-7.

RRJDS | Volume 1 | Issue 3 | October-December, 2013

21

51.
52.

e-ISSN:2320-7949
p-ISSN:2322-0090
Szabo G, Scuba Z, Hrabak K et al. Autogenous bone versus beta tricalcium phosphate graft alone for
bilateral sinus elevations (2- and 3- dimensional computed tomographic, histological, and
histomorphometric evaluations): preliminary results. Int J Oral Maxillofac Implants. 2001; 16(5): 681-92.
Choi M, Culjat MO, Singh RS, White SN: Ultrasound imagery for dental implant diagnosis and treatment
planning in a porcine model. J Prosthet Dent. 2012; 108(6): 344-53.

RRJDS | Volume 1 | Issue 3 | October-December, 2013

22

