
While dental imaging 
techniques have advanced 
with the introduction of 

tomography and panoramic imaging, 
2D images possess inherent limitations, 
including magnification, distortion, 
and superimposition, that can mis-
represent structures. 

Cone beam computed tomography 
(CBCT) is capable of producing three-
dimensional (3D) images that can 
guide diagnosis, treatment, and follow-
up. In addition, CBCT provides 1:1 

The Many Clinical 
Applications of Cone Beam 
Computed Tomography

From Our Office
to Yours...

The benefits of the use of com-
puted tomography (CT/CBCT) tech-
nologies in dental implant surgery 
are widely known.

Less well known is the wide 
range of applications of CT techno-
logies in the diagnosis and treatment 
planning of other dental conditions.

CBCT scanning is widely used in 
oral and maxillofacial surgery, ortho-
dontics, periodontics, endodontics, 
restorative and forensic dentistry, 
and in the diagnosis and treatment 
of temporomandibular joint dys-
function (TMJ). For many dental 
applications it has become the stan-
dard of care.

This issue of The PerioDontaLetter 
will review the many ways in which 
the dental cone beam CT scanner 
can be used to diagnose and treat 
dental problems where the third 
dimension is essential in under-
standing how to best treat our 
patients. 

As always, we welcome your 
comments and suggestions on this 
significant advancement in dental 
imaging.

measurements and eliminates super-
imposition and geometric distortions.

Conventional medical CT systems 
offer similar advantages, and also 
provide information about soft tissue 
which CBCT does not. However, 
dental CBCT generates 3D data at a 
lower cost and with substantially lower 
absorbed doses of radiation than 
conventional CT. 

In addition, the larger size of 
conventional CT units makes them 
poor alternatives for dental offices.
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 Figure 1.      
The clinical   
appearance of 
this edentulous 
site creates the   
suspicion of a 
thin alaveoloar 
ridge. See 
Figures 2 and 3  
on page 2.
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Applications in 
Endodontics

CBCT imaging is useful for detecting, 
diagnosing and determining the appro-
priate treatment for many endodontic 
conditions.

While controversial, several studies 
have suggested that in diagnosing 
periapical lesions, CBCT images can be 
used to differentiate between apical 
granulomas and apical cysts.

CBCT is often a reliable and far more 
accurate tool than 2D imaging to:

• Detect external, internal and cervical 
  root resorption and the extent of a
  lesion.
• Determine the number and
  morphology of roots and associated 
  canals, both main and accessory,
  establish working lengths, and 
  determine the type and degree of 
  root angulation. 
• Determine pulpal extensions and the 
  position and location of fractured 
  instruments. 
• Assess a tooth’s proximity to
  adjacent vital structures, which
  allows for accurate  measurement of 
  the size and extent of a lesion and 
  the anatomy of the area.
• Detect vertical root fractures, 
   measure the depth of dentin fracture, 
  and detect horizontal root fractures.
 • Detect inflammatory root resorption, 
  a diagnosis that is rarely possible 
  when using conventional 2D
  radiographs.

Conclusion

CBCT scanning represents a signi-
ficant advancement in dental and 
maxillofacial imaging and offers 
numerous advantages over 2D 
radiography.

 Figure 6.
This patient 
presented with 
a draining   
fistula on the 
labia of tooth 
#8.

 Figure 7.
A periapical 
radiograph 
shows prior 
endodontic 
treatment, and 
suggests the 
possibility an 
immediate  
dental implant 
could be 
placed.

 Figure 8.  A 
CBCT scan 
rules out the 
placement of 
an immediate 
implant due to 
a very deficient 
buccal plate, 
and significant 
bone loss in 
the sinus tract 
area.
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5. Poorly positioned implants.
6. Excessive occlusal forces such
    as bruxism and malocclusion.
7. Systemic diseases such as
    diabetes, and bisphosphonate-
    related osteonecrosis of the jaw.
8. Smoking and drug abuse.

Preventing 
Peri-Implant 

Disease
It appears that both the clinicians 

who place the implant and those 
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who restore it can mitigate some of 
the risk factors for peri-implant 
disease.

The surgical placement should be 
as ideal as clinically possible. The 
correct site, depth and angulation of 
the implant will minimize restorative 
complications. A restoratively-
driven treatment plan is imperative 
for a predictable outcome.

The risk of peri-implant disease is 
substantially greater with cemented 
restorations.

• It is absolutely essential that
  residual cement be removed  
  when a cement-retained

     restoration is used. Unfortunately, 
  the onset of these inflammatory 
  signs and symptoms can take
  years to develop and is not
  often discovered until there is  
  substantial loss of attachment.
• The cementation process
  must be well controlled. 
  Wadhwani has presented an
  approach to minimize excess
  cement which allows the 
  clinician to control cement
  flow by using a custom-made 
  duplicate abutment. The use
   of a die spacer provides sufficient 
  space to accommodate a thin
  layer of cement.
• Fabricating a polyvinyl
  siloxane copy abutment allows 
  extra cement to be extruded out 
  of the crown extra-orally before
  it is seated.
• Clinical data has shown that
  subgingival cement remnants
  are nearly impossible to remove.
• Few cements, if any, are tested
  for antibacterial properties.     
• The soft tissues adhere to an
  abutment surface via a fragile 
  hemidesmosomal attachment—
  the weakest cell attachment in
  the body. As a result, the implant

   attachment can be readily 
   disrupted by cement flow.
•  Custom abutments have 
   generally become the standard
   of care. These permit the design
   of the abutment crown interface 
   to be well-controlled.
•  The patient must be able to
   adequately clean the restoration
   with an oral hygiene device such 
   as an interproximal brush. The 
   embrasure space simplifies
   access for enhanced plaque
   control.
• Pontic areas should be convex 
   rather than concave to ensure
   cleansability.
• The peri-implant tissues should
   be monitored for early indications
   of disease. Treatment should 
   begin immediately to prevent the
   development of peri-implantitis 
   associated with bone loss.
Screw-retained restorations vir-

tually eliminate the problems 
associated with cement-retained 
restorations.

The implant industry is developing 
new, innovative designs which 
simplify screw-retained restorations. 

One such design is the angulated 
screw channel (ASC) abutment which 
simplifies screw access.

Diagnosing and 
Treating 

Peri-Implant 
Diseases

Peri-implant mucositis is a 
reversible condition and requires 
minimal intervention to treat.  

Thorough mechanical debridement 
of the area along with improved 
plaque control and local anti-
microbials such as chlorhexidine 
irrigation is usually sufficient to 
resolve peri-implant mucositis.

On the other hand, treating peri-
implantitis is problematic at best.

Figure 2. Severe bone loss with an 11mm direct facial pocket.  Figure 3. Ten months after flap 
debridement, decontamination of the implant surface and guided bone regeneration, significant bone 
regeneration appears to have formed.

Once infection and bone loss 
starts, treatment becomes unpre-
dictable, at times complex, and 
particularly difficult to perform 
due to bacterial contamination of 
the implant surface.

Nonsurgical 
Treatment

Currently, the only proven way to 
stop the progress of peri-implantitis 
is mechanical debridement to 
remove the bacteria and their 
byproducts.

The use of antimicrobial oral 
rinses, irrigation, and local drug 
delivery systems have been shown 
to have a beneficial adjunctive 
effect when used in combination 
with mechanical debridement.

     

Surgical and 
Regenerative 

Treatment
If nonsurgical therapy has been 

attempted and the inflammation 
has not resolved, surgical therapy 
is required.

A full-thickness flap around the 
affected dental implant must be 
raised to completely expose the 
cement on the implant surface. The 
implant can then be mechanically 
debrided to fully remove the 
retained cement. 

Curettage can and should be used 
to remove the bacteria from the 
implant surface.

Other methods to debride a plaque-
contaminated abutment or implant 
surface include sonic and ultrasonic 
scalers, lasers, air-powder abrasion, 
various chemical solutions such as 
citric acid, hydrogen peroxide and 
saline.

Schwarz et al have described a 
modification of the contaminated 

implant surface which involves 
removal of the threads to the bone 
level and polishing the surface in 
conjunction with removal of all 
granulation tissue. This effectively 
turns the affected surface into an 

 
Figures 5 and 6. Advanced 
periodontitis has progressed 
to severe peri-implantitis,     
creating a very poor 
prognosis.

     Fig. 2      Fig. 3 

       Fig.4 

Figure 4. 
Sixteen 
months after 
surgery, the 
radiographic 
appearance 
of the bone 
remains 
stable.
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Applications in 
Periodontics

The rapidly increasing use of CBCT 
combined with the use of dedicated 
dental implant software has revo-
lutionized the planning and placement of 
dental implants.

CBCT offers a more accurate and safer 
positioning of dental implants, may 
reduce the time necessary for implant 
surgery, and often eliminates the need for 
open flap surgery. Furthermore, it 
facilitates a team approach, facilitating a 
truly restoratively-driven  treatment plan.

Dedicated computer software allows 
visualization and manipulation of the 
images of the patient’s jaw bone and 
surrounding tissue, making possible the 
most accurate approach to implant 
surgery. Without CBCT, clinicians would 
not be able to perform guided surgery, 
which facilitates extremely precise 
implant placement. 

Quality images obtained by 
computerized tomography permit the 
implant surgeon to determine the height 
and width of available bone, soft-tissue 
thicknesses, proximity and root anatomy 
of adjacent teeth, and other vital 
structures.  
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The use of three-dimensional imaging 
also allows accurate visualization of 
structures within the antral space. 
Thickened sinus membranes, mucous 
retention cysts, septa, lateral wall bony 
thickness and location of the arterial 
vessels traversing the lateral wall are 
not able to be accurately discerned on 
the traditional two-dimensional peri-
apical radiograph.

This information is critical to 
performing sinus lifts and may have a 
significant impact on the results of 
open sinus lift surgery. 

CBCT enables the clinician to choose 
the correct implant size to position it 
appropriately in the arch.

CBCT also provides a more accurate 
measurement of bone defects thus 
allowing clinicians to assess dehiscence, 
fenestration defects, and the true 
dimensions of intraosseous cysts. 

Misch et al have observed that 2D 
radiographs are inadequate for detecting 
changes in bone levels or determining 
the architecture of osseous defects. 
Projection errors in 2D radiography 
may cause dentists to underestimate the 
amount of bone loss or available bone, 
thus leading to errors in identifying 
anatomical reference points.

Applications in Oral and 
Maxillofacial Surgery

Because CBCT eliminates the 
structural superimpositions seen in 
panoramic images, it allows accurate 
measurement of surface distances. This 
particular advantage has made CBCT 
the technique of choice for investigating, 
evaluating and managing maxillofacial 
trauma.

CBCT is widely used in planning 
orthognathic and facial orthomorphic 
surgeries. Because advanced CBCT 
software allows minimum visualization 
of soft tissue, oral surgeons can control 
post-treatment esthetics in cases of 
cleft palate.

CBCT images are also used for:
• Determining bone structure
  and tooth orientation.
• Assessing impacted or 
  supernumerary teeth and the
  relationship of these teeth to vital       
  structures.
• Pre- and post-surgical assessment 
  of bone graft recipient sites.
• Evaluation of jaw changes 
  resulting from osteonecrosis.
• Evaluation of paranasal sinus 
  pathology and/or defects.

• Evaluation of patients with 
  obstructive sleep apnea to
  determine an appropriate
  surgical approach.
• Locating the origin, location
  and extent of jaw pathology.
• Detecting, measuring and
  treating jaw tumors.

Applications in 
Orthodontics

CBCT is a reliable tool for assessing 
the proximity of impacted teeth to vital 
structures that could inhibit orthodontic 
movement. With new orthodontic 
assessment software, orthodontists can 

Figure 2. A CBCT scan confirms the thickness of the bone in the buccal-lingual dimension is         
inadequate for placement of a dental implant. Figure 3. Following ridge augmentation, a follow-up 
CBCT scan shows the bone is now sufficient for placement of an implant.

use CBCT images for cephalometric 
analysis, making it the tool of choice 
for assessing facial growth, age, 
airway function, and tooth eruption 
disturbances.

When temporary anchorage devices 
(TADs) are used to enhance anchorage, 
CBCT provides visual guides for safe 
insertion, thus avoiding accidental and 
perhaps irreparable damage to existing 
roots.

Applications in
TMJ Disorders

Diagnostic imaging of the 
temporomandibuler joint (TMJ) is 

crucial for proper diagnosis of joint 
disease and dysfunction.

CBCT makes it possible to examine 
the joint space and the true position of 
the condyle within the fossa, which is 
instrumental in revealing possible 
alterations in the position of the joint 
disk.

CBCT’s accuracy and elimination of 
superimposition makes it possible to 
measure the roof of the glenoid fossa 
and visualize the location of the soft 
tissue around the TMJ, which can 
reduce the need for MRI. 

CBCT is the best imaging device for 
cases involving trauma, fibroosseous 
ankylosis, pain and condylar cortical 
erosion and cysts.

Fig. 2      Fig. 3 

Figure 4. A periapical radiograph reveals a horizontal fracture on the upper right lateral incisor at 
the level of the crestal bone. Figure 5. A CBCT scan of the fractured tooth reveals good buccal and 
lingual plates, which would allow a plan for immediate implant placement.

Fig. 4 Fig. 5
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who restore it can mitigate some of 
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Applications in 
Periodontics

The rapidly increasing use of CBCT 
combined with the use of dedicated 
dental implant software has revo-
lutionized the planning and placement of 
dental implants.

CBCT offers a more accurate and safer 
positioning of dental implants, may 
reduce the time necessary for implant 
surgery, and often eliminates the need for 
open flap surgery. Furthermore, it 
facilitates a team approach, facilitating a 
truly restoratively-driven  treatment plan.

Dedicated computer software allows 
visualization and manipulation of the 
images of the patient’s jaw bone and 
surrounding tissue, making possible the 
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surgery. Without CBCT, clinicians would 
not be able to perform guided surgery, 
which facilitates extremely precise 
implant placement. 

Quality images obtained by 
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implant surgeon to determine the height 
and width of available bone, soft-tissue 
thicknesses, proximity and root anatomy 
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The use of three-dimensional imaging 
also allows accurate visualization of 
structures within the antral space. 
Thickened sinus membranes, mucous 
retention cysts, septa, lateral wall bony 
thickness and location of the arterial 
vessels traversing the lateral wall are 
not able to be accurately discerned on 
the traditional two-dimensional peri-
apical radiograph.

This information is critical to 
performing sinus lifts and may have a 
significant impact on the results of 
open sinus lift surgery. 

CBCT enables the clinician to choose 
the correct implant size to position it 
appropriately in the arch.

CBCT also provides a more accurate 
measurement of bone defects thus 
allowing clinicians to assess dehiscence, 
fenestration defects, and the true 
dimensions of intraosseous cysts. 

Misch et al have observed that 2D 
radiographs are inadequate for detecting 
changes in bone levels or determining 
the architecture of osseous defects. 
Projection errors in 2D radiography 
may cause dentists to underestimate the 
amount of bone loss or available bone, 
thus leading to errors in identifying 
anatomical reference points.

Applications in Oral and 
Maxillofacial Surgery

Because CBCT eliminates the 
structural superimpositions seen in 
panoramic images, it allows accurate 
measurement of surface distances. This 
particular advantage has made CBCT 
the technique of choice for investigating, 
evaluating and managing maxillofacial 
trauma.

CBCT is widely used in planning 
orthognathic and facial orthomorphic 
surgeries. Because advanced CBCT 
software allows minimum visualization 
of soft tissue, oral surgeons can control 
post-treatment esthetics in cases of 
cleft palate.

CBCT images are also used for:
• Determining bone structure
  and tooth orientation.
• Assessing impacted or 
  supernumerary teeth and the
  relationship of these teeth to vital       
  structures.
• Pre- and post-surgical assessment 
  of bone graft recipient sites.
• Evaluation of jaw changes 
  resulting from osteonecrosis.
• Evaluation of paranasal sinus 
  pathology and/or defects.

• Evaluation of patients with 
  obstructive sleep apnea to
  determine an appropriate
  surgical approach.
• Locating the origin, location
  and extent of jaw pathology.
• Detecting, measuring and
  treating jaw tumors.

Applications in 
Orthodontics

CBCT is a reliable tool for assessing 
the proximity of impacted teeth to vital 
structures that could inhibit orthodontic 
movement. With new orthodontic 
assessment software, orthodontists can 

Figure 2. A CBCT scan confirms the thickness of the bone in the buccal-lingual dimension is         
inadequate for placement of a dental implant. Figure 3. Following ridge augmentation, a follow-up 
CBCT scan shows the bone is now sufficient for placement of an implant.

use CBCT images for cephalometric 
analysis, making it the tool of choice 
for assessing facial growth, age, 
airway function, and tooth eruption 
disturbances.

When temporary anchorage devices 
(TADs) are used to enhance anchorage, 
CBCT provides visual guides for safe 
insertion, thus avoiding accidental and 
perhaps irreparable damage to existing 
roots.

Applications in
TMJ Disorders

Diagnostic imaging of the 
temporomandibuler joint (TMJ) is 

crucial for proper diagnosis of joint 
disease and dysfunction.

CBCT makes it possible to examine 
the joint space and the true position of 
the condyle within the fossa, which is 
instrumental in revealing possible 
alterations in the position of the joint 
disk.

CBCT’s accuracy and elimination of 
superimposition makes it possible to 
measure the roof of the glenoid fossa 
and visualize the location of the soft 
tissue around the TMJ, which can 
reduce the need for MRI. 

CBCT is the best imaging device for 
cases involving trauma, fibroosseous 
ankylosis, pain and condylar cortical 
erosion and cysts.
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Figure 4. A periapical radiograph reveals a horizontal fracture on the upper right lateral incisor at 
the level of the crestal bone. Figure 5. A CBCT scan of the fractured tooth reveals good buccal and 
lingual plates, which would allow a plan for immediate implant placement.
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dard of care.
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measurements and eliminates super-
imposition and geometric distortions.

Conventional medical CT systems 
offer similar advantages, and also 
provide information about soft tissue 
which CBCT does not. However, 
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Applications in 
Endodontics

CBCT imaging is useful for detecting, 
diagnosing and determining the appro-
priate treatment for many endodontic 
conditions.

While controversial, several studies 
have suggested that in diagnosing 
periapical lesions, CBCT images can be 
used to differentiate between apical 
granulomas and apical cysts.

CBCT is often a reliable and far more 
accurate tool than 2D imaging to:

• Detect external, internal and cervical 
  root resorption and the extent of a
  lesion.
• Determine the number and
  morphology of roots and associated 
  canals, both main and accessory,
  establish working lengths, and 
  determine the type and degree of 
  root angulation. 
• Determine pulpal extensions and the 
  position and location of fractured 
  instruments. 
• Assess a tooth’s proximity to
  adjacent vital structures, which
  allows for accurate  measurement of 
  the size and extent of a lesion and 
  the anatomy of the area.
• Detect vertical root fractures, 
   measure the depth of dentin fracture, 
  and detect horizontal root fractures.
 • Detect inflammatory root resorption, 
  a diagnosis that is rarely possible 
  when using conventional 2D
  radiographs.

Conclusion

CBCT scanning represents a signi-
ficant advancement in dental and 
maxillofacial imaging and offers 
numerous advantages over 2D 
radiography.
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immediate  
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could be 
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 Figure 8.  A 
CBCT scan 
rules out the 
placement of 
an immediate 
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and significant 
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