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Introduction
The newest imaging modality to become available to dentists is making its impact
quickly. General dentists, periodontists, orthodontists, oral surgeons and other
specialists have begun the “early adoption” phase in earnest. As you may have read in
my previous article “Clinical Experence with Cone Beam Volumetric Imaging – Report of
Findings in 381 Cases”,1 there is a lot to get excited about. Evaluation of implant sites,
the TMJ, periodontal bone problems, the paranasal sinuses, and airway assessment
are but a few of the current popular applications. New applications are being found
almost continually. Orthodontists are using this imaging technique for finding suitable
“anchorage sites” for TADs (Temporary Anchorage Devices) to enable them to have
additional, previously unavailable, anchorage to move teeth and capture impacted teeth
to bring them into an appropriate eruption position. This modality will be used by most
dentists in the next 5 years. If it becomes so popular and ubiquitous, we should
understand the risk/benefit ratio in terms of patient dose associated with the particular
dental procedure for which we need this incredible x-ray data. In this article I hope to
clarify some “issues” associated with patient x-ray exposure dose to help you, my
colleague, make the appropriate decisions for Cone Beam use.

Better Data, Better Decision-making

Until recently, all of us made our clinical decisions using 2D plain films or digital images
for most of our “x-ray” assessment. Only when there was a large lesion, a significant
TMJ problem or an implant case with a large number of potential implant sites did we
use advanced imaging modalities such as CT (computed tomography) or MRI (magnetic
resonance imaging). These modalities were too costly, performed primarily in hospitals

and at a very high dose. The risk of deleterious effects far outweighed the information
we needed as dentists to treat simple diseases like dental caries, periodontal diseases
and malocclusions. “High-end” implant dentists, oral surgeons and “TMJ specialists”
were the only dentists using CT (implant site assessment) and MRI (TMJ disk
displacement). Orthodontists used multiple plain film or digital views, but only rarely
used CT. Cone Beam Volumetric Imaging has all that changed – dramatically!

With the advent of CBCT (cone beam computed tomography – which it is not) or CBVT
(cone beam volumetric tomography – also not exactly precise) or CBVI (cone beam
volumetric imaging – probably the best term) we have an opportunity to acquire
significantly improved patient x-ray data for decisions we make daily. And, we can have
this data at a significant reduction in patient x-ray dose. Does this mean we can replace
all x-ray imaging with CBVT or CBVI. No, it does not.

Some vendors are telling their clients that they can replace their panoramic machines
with cone beam, because they can get a panoramic image form the data volume
acquired. Pardon the violent analogy, but this is like using a shotgun to kill a rabbit. It’ll
do the job, but there’s not much left to eat!

Why would any dentist actually expose their patient to 4 - 74 times the
radiation dose of a panoramic image just to see a mixed dentition!?

The answer is – and should be – we wouldn’t! Even though the information might be
more complete, the benefit of seeing the location and eruptive timing of the permanent
successor teeth in 3D color or in the axial plane DOES NOT outweigh the risk of
deleterious effects to a young patient – one with more radiosensitive tissues. Dentists
must use sound clinical judgment to select the proper time and imaging modality to
prescribe to each individual patient.

Just because you CAN take or order a cone beam image
doesn’t mean you NEED to!

By the same token (I always wondered what that meant), you do NOT now need to
prescribe a medical CT examination, at greater expense and MUCH greater absorbed
x-ray dose, to image implant sites. Cone beam imaging for this task is a much safer,
less costly alternative. And, with the right software, the images are vastly superior to
medical CT solutions. The dose form a medical CT examination is about 375 times the
dose of a panoramic image, and 5 to 90 times the dose of typical dental cone beam
machines. How did I arrive at these numbers?

Cone Beam Imaging Dose Comparisons
In 2005, at our 15th International Congress of Dentomaxillofacial Radiology in Cape
Town, South Africa, Ludlow et al.2,3 presented data from the initial 3 machines sold in
the world to our members. The table appears in a slightly modified form below. The
column I used for this comparison was “Dose as Multiple of Single Panoramic Dose”
(ICRP 1990).

Newer machines such as the Sirona Galileos and the Planmeca ProMax CBVT will
have very low dose image acquisition as well. Current estimates are between 4 and 10
panoramic equivalents.

TABLE 1
CBCT Machine X-Ray Dose Comparisons
th

(modified from Ludlow et al, 15 Congress of the ICDMFR, Cape Town, ZA, 2005)

Technique

NewTom3G - Full (12”)
FOV*
CB Mercuray - F (12”)
FOV 10 mA-100 kV*
CB Mercuray - P (9”)
FOV*
CB Mercuray - I (6”) FOV
(maxillary)*

Effective Dose in Dose as multiple of Dose in days of
uSv - 1990 ICRP single Panoramic
per capita
tissue weights
Dose (ICRP-1990) background dose

Dose in terms of %
annual
per capita
background dose

45

7

4

1.2%

477

74

48

13.2%

289

45

29

8.0%

169

26

17

4.7%

i-CAT - Full (12”) FOV*

135

21

13

3.7%

Panoramic (OrthoPhos
Plus DS)+

6

1

1

0.2%

CT Maxillo-Mandibular++

2100

385

243

58.3%

CT Maxillary++

1400

164

103

38.9%

* Ludlow JB, Davies-Ludlow LE, Brooks, SL, Howerton B. Dosimetry of 3 CBCT Units for Oral and Maxillofacial
Radiology, 15th International Congress of the International Association of Dento-Maxillo-Facial Radiology, Cape
Town, South Africa June 2005.
+ Ludlow JB, Davies-Ludlow LE, Brooks, SL. Dosimetry of two extraoral direct digital imaging devices: NewTom cone
beam CT and Orthophos Plus DS panoramic unit. Dentomaxillofacial Radiology 2003;32:229-34
++ Ngan DC, Kharbanda OP, Geenty JP, Darendeliler MA. Comparison of radiation levels from computed
tomography and conventional dental radiographs. Aust Orthod J. 2003; 19:67-75

What Procedures Justify Cone Beam Imaging?
Although there are many applications for Cone Beam Volumetric Imaging, I have
attempted to list below, in Table 2, those clinical situations in which cone beam imaging
“dose” would be justified in terms of the “expected benefit(s)”.

Examples of clinical cases where Cone Beam Volumetric Imaging displayed superior
data for the referring dentist’s clinical decision.

Case 1

A nine year-old female was referred to an imaging laboratory in the Northeast for Cone
Beam imaging of the maxilla for a “suspected” supernumerary tooth.

A typical panoramic x-ray of the patient. Arrows indicate the supernumerary.

Case 1 cont’d

A MIP (maximum intensity profile) image of the same area, reconstructed from the CBVI data.

2D axial slice at the level of the supernumerary and 3D color reconstruction seen form head end.

Case 1 cont’d

2D sagittal slice at 0.15mm thickness at the level of the supernumerary showing precise orientation and
possible palatal approach.

2D color sagittal slice at 0.15mm thickness at the level of the supernumerary.

TABLE 2
Clinical Situations justifying Cone Beam Imaging

Clinical Situation

Preferred Radiographic Examination
Plain film or digital
images/tomography

New patient examination, child*

++

New patient examination, adult*

++

CBVI/CBVT

Orthodontic assessments

1. New child patient, initial
evaluation*

++

2. New child patient, suspected

++

impaction(s)
3. Young adult/adult, initial
evaluation

+++

4. Suspected craniofacial
problem
5. Follow-up/post-treatment

+++
+

++

+

++

Implant site assessment
1. Single site, non-anatomic concern
2. Single site posterior maxilla
or mandible
3. Multiple sites

+++
-

+++

Temporomandibular joint evaluation

-

+++

Paranasal sinus evaluation

-

+++

Odontogenic/Non-odontogenic lesion evaluation

-

+++

Surgical extraction(s)

-

+++

* If there were an occult finding on the initial plain radiographic exam, a follow-up CBVI/CBVT volume
could be prescribed to delineate the problem more precisely following the screening images.

Case 2
A 59 year-old female was referred to an imaging laboratory for the “evaluation of the
mandible for implants”. This is the type of case that could be dramatically improved by
the use of a radiographic stent. Our article “Pre-surgical Implant Site Assessment” can
be used to help dentists learn how to easily fabricate a custom stent in their office.
Markers at the desired clinical implant locations can then be simply imaged and
precisely measured.

The nerve(s) are easily located on a thin slice pseudo-panoramic using CyberMed OnDemand3D software
tools. The darker blue line (arrow) is a reference line placed at the location for tooth #30.

Case #2 cont’d

The CyberMed OnDemand3D software automatically marks the cross-sectional slice in red. Precise
measurements (with 1/10 mm) are made at the desired location. An implant fixture longer than 6-7 mm would
engage the inferior alveolar nerve or perforate the lingual cortex, either of which resulting in a failed case.
This anatomic data/detail is NOT available from a panoramic image.

A larger image of potential implant site #30 prepared for the referring dentist. All structures in a CBVI image
are rendered 1:1 in the initial reconstruction. There is NO magnification error.

Summary
CBVI image information is precise, easily and inexpensively obtained and superior to
any other imaging data available to dentists for clinical decision-making. However, not
all patients require this type of examination. Manufacturers that claim you can “get rid of
your panoramic machine” are doing our profession a great disservice by suggesting that
every patient can have a cone beam image for dental treatment. Used prudently, Cone
Beam Volumetric Imaging is vastly superior to any other image modality. You just have
to use common send and “Selection Criteria” to determine when and on whom you
should prescribe it.

Dale A. Miles, CEO
Digital Radiographic Solutions
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