RADIOGRAPHIC PATHOLOGY

A PRACTICAL INTERPRETATIVE APPROACH
The evaluation of pathologic lesions of the head and neck routinely involves the use of radiographs in attempting to determine the nature of the disease process.  In medical practice, diagnostic radiographs are nearly always evaluated by a radiologist who provides a written interpretation of the nature of the pathologic process on which the primary physician bases the treatment decisions.  In the practice of dentistry, however, it is the treating clinician who normally evaluates the radiographs rather than a radiologist, and a formal written interpretation of the radiographic findings is not routinely generated.  While lesions of the jaws very often have characteristic features that allow the clinician to arrive at an accurate differential diagnosis, the manner in which the radiographs are evaluated in order to arrive at the differential diagnosis is not well defined.  Few dental practitioners, therefore, develop a systematic approach to the routine evaluation of radiographs, and when the clinician encounters a lesion without a characteristic radiographic appearance, evaluation of the nature of the disease process and the formulation of a differential diagnosis becomes increasingly more difficult.  A systematic approach to the evaluation will, in most cases, allow the practitioner to successfully develop an accurate differential diagnosis for most, if not all, radiographic pathology encountered despite a lack of characteristic or pathognomonic features.

Evaluation of radiographic pathology in the jaws begins with a delineation of the density of the lesion.  Lesions are characterized into three categories:




1.  Radiolucent lesions




2.  Radiopaque lesions




3.  Mixed radiolucent-radiopaque lesions


1.  Radiolucent lesions


Identification of radiolucent lesions is normally not a problem.  They 



routinely appear as a "hole" in the bone.  In most cases, little or no trabecular 



pattern can be seen through the area occupied by the radiolucency.  By their 



very nature, radiolucent lesions are at least locally destructive.


2.  Radiopaque lesions



Recognition of radiopaque lesions is also not usually a problem.  The 



increased density of the lesion in comparison to normal bone makes it stand 



out from the surrounding tissues.  With a few notable exceptions, 



radiopaque lesions should be considered benign.  When evaluating 



radiopaque lesions, however, it is important to critically evaluate the 



interface of the radiopaque mass with the surrounding normal bone.  Two 



variations may be encountered:



a.  Entirely opaque lesions:




In this situation, the denser lesion is noted to abut directly against the 




surrounding bone which appears normal in radiographic density.  No 




separation between the two is readily apparent and it would lead the 




clinician to expect that, at surgery, it might be difficult to separate 




lesional from non-lesional tissue.



b.  Lesions with a radiolucent halo:




In this case, despite the fact that the lesion is readily recognizable as 




an opacity, close scrutiny will reveal a thin radiolucent halo that 




separates the radiodense material from the surrounding bone.  This 




appearance normally leads the surgeon to expect easy delineation of 




lesional and non-lesional tissues.  While this is often true and the 




lesion may be noted to "pop out" at surgery, it is not always the case.  




When the lesion is associated with a tooth, this thin radiolucent halo 




will occasionally be noted to be contiguous with the periodontal 




membrane space.  This strongly suggests an odontogenic (periodontal 




membrane) etiology for the lesion and it also usually indicates that 




there may be difficulty distinguishing between the lesion and the 




surrounding normal tissue at the time of surgery, making excision 




more problematical.   


3.  Mixed radiolucent-radiopaque lesions


Mixed radiolucent-radiopaque lesions may show a wide spectrum in the 



degree and amount of calcification noted.  Many lesions will show a 



maturation, beginning as a predominantly radiolucent lesion that will 



gradually increase in degree of calcification the longer the lesion is present.  



For this reason, they can, at times, be difficult to specifically identify.  This 



usually occurs in the early stages of the lesion when the degree of 



calcification is minimal.  Therefore, in most cases where they are 



misinterpreted, they are confused with radiolucencies.  As the degree of 



opacity in the lesion increases, the more readily identifiable it becomes as a 



mixed lucent-opaque lesion.  A true mixed radiolucent-radiopaque lesion will 



always retain a significant degree of lucency associated with it.  A lesion that 



matures to the point of almost complete calcification will normally retain a 



thin lucent halo but is more likely to be interpreted as a radiopacity than as 



a mixed lesion.  



As with radiopaque lesions, the vast majority of mixed lucent-opaque lesions 



are benign.  In addition, however, most mixed lucent-opaque lesions found in 



the jaws will prove to be of odontogenic origin, arising from the tooth 



forming apparatus or cells of the periodontal membrane.  For this reason, the 



differential diagnosis of mixed radiolucent-radiopaque lesions will be heavily 



weighted with odontogenic and periodontal membrane tumors.



When evaluating an area believed to be a mixed lucent-opaque lesion, the 



examiner should determine the nature of the calcified product that is being 



produced.  The product may be classified as either:





a.  Fine grained radiopacity





b.  Coarse radiopacity



a.  Fine grained radiopacities




These type lesions compose a relatively small group of the mixed 





lucent-opaque lesions.  Calcifications normally remain very small and 





are often spread uniformly throughout the lesion, making it difficult, 





on occasion, to positively identify the lesion as a mixed one.  





Differential diagnosis would include:






Adenomatoid odontogenic tumor (AOT, OAT)






Keratinizing and calcifying odontogenic cyst (KCOC, COC, 







Gorlin cyst)






Ameloblastic fibro-odontoma (AFO)






Odontoma--(rarely)






Cemento-ossifying fibroma--(rarely)






Fibrous dysplasia--(rarely)




b.  Coarse radiopacities





Most mixed lucent-opaque lesions will show this type of calcified 





product.  Once calcification is noted, it is not difficult to identify it as a 





mixed lesion because of the prominence of the calcified product 





which is usually very dense. Differential diagnosis includes:






Periapical cemental dysplasia (cementoma)






Cemento-ossifying fibroma--(most often)






Calcifying epithelial odontogenic tumor (CEOT, Pindborg 







tumor)






Odontoma--(most often)






Ameloblastic fibro-odontoma (AFO)






Paget's disease

Once a lesion has been classified as lucent, opaque, or mixed, the specific features of the disease process can begin to be evaluated.  The primary goal is always to establish a differential diagnosis.  Once the differential diagnosis is formulated, logical and proper treatment decisions can be made.  In most cases the perceived biologic potential of the disease process will be revealed by the radiographic appearance and, hence, the differential diagnosis will normally be dominated by lesions that demonstrate that expected biologic potential.  As previously stated, a systematic approach to the evaluation of the radiograph will normally provide the best evaluation of the biologic potential of the disease.

Remember to use common SENSE in evaluating radiographs.  An easy mnemonic to remember for systematic evaluation of radiographs is, therefore, "SENSE."




S = 
Shape




E = 
Edge




N = 
Number




S =
Site




E =
Effects
Shape of the lesion:


Lesions may assume a multitude of different shapes, and a variety of descriptive 


terms have been used to separate them one from another.  Examples would 


include round, pear-shaped, scalloped, multilobular, multilocular, etc.  The most 


important consideration when evaluating the shape of a lesion, however, is not 


necessarily the exact descriptive term for it but whether it is basically 


symmetrical or irregular in its outline.  Benign, slow growing lesions generally 


tend to produce symmetrical lesions.  Locally aggressive tumors and malignant 


neoplasms more often produce lesions that are irregular in their outline and 


asymmetric in shape.  Multilocular lesions present some problems in this type 


evaluation.  Therefore, when evaluating multilocular lesions, it is often 


advantageous to consider the symmetry of the individual loculations as well as 


the lesion as a whole.  A multilocular lesion that has symmetry in the individual 


loculations as well as in the lesion as a whole will normally be found to be 


benign or minimally locally aggressive.  If the multilocular lesion has symmetry 


in the individual loculations but the lesion as a whole is somewhat irregular, it is 


very likely to be a more locally aggressive, but not a malignant lesion.  


Multilocular lesions are only rarely found to be malignant.  A simple mnemonic 


to help remember the lesions most often found to be multilocular is 


"MACROMAC."




M =
Multilocular cyst




A =
Ameloblastoma




C =
Central giant cell granuloma




R =
Rare odontogenic tumors




O =
Odontogenic keratocyst




M =
Myxoma (odontogenic)




A =
Aneurysmal bone cyst




C =
Cherubism

Edge of the lesion


The second step in evaluation of radiographic pathology is to examine the 


interface of the lesion with the surrounding normal bone.  The edge may be well 


defined or it may be poorly defined.  



Well defined:




A well defined edge is one in which the examiner has no difficulty 




determining where the lesion stops.  If necessary, a line could be drawn 




around the lesion and separate examiners would produce equivalent line 




drawings.  Well defined lesions are further subclassified into two 




categories:  





Corticated:





A corticated lesion has a thin, radiodense line that surrounds 






and demarcates the lesion.  The corticated border resembles 






the lamina dura normally found around the roots of the teeth.  






It provides clear evidence of the extent of the lesion.  It is 






indicative of a static or only slowly enlarging process.





Punched-out:





Punched out lesions are always radiolucent.  Though the lesion 






is very well defined and there is no doubt about the extent of 






the lesion, there is no cortical border around it.  There is a 






sudden density change from black (lesion) to white 






(surrounding bone).  A punched out lesion is normally 






indicative of the presence of inflammatory cells.  The 






inflammatory cells may be reactive or neoplastic, but in most 






cases the inflammation is not actively growing, enlarging, or 






proliferating to the point of producing a clinically evident lesion.






Multiple myeloma and lymphoma are the neoplasms of






inflammatory cells that can produce punched-out lesions in bone.






Any static, non-neoplastic inflammatory process could feasibly 






produce punched out radiolucencies.



Poorly defined:




A poorly defined edge is one in which the examiner has particular 




difficulty determining where the lesion stops.  If asked to outline the 




lesion, it might not be possible to do so and separate examiners might 




produce different results.  As with well defined lesions, poorly defined 




lesions can be subclassified into two types:





Moth eaten border:






A moth eaten border is one in which there appears to be a 






double edge to the border or a "lesion within a lesion."  The 






edge is often irregularly scalloped as is characteristically seen 






in a moth hole in clothing, giving the impression of 






multidirectional growth within the lesion as the cause of the 






irregularity.





Diffuse:






A diffuse border is one in which there is absolutely no 






indication of an interface with normal surrounding tissue.  The 






lesional area blends imperceptibly into the surrounding bone.  






For this reason, diffuse lesions usually are radiopaque.  Only 






occasionally do radiolucent lesions produce a diffuse border.

Number of lesions


The next step in the evaluation of radiographs is to determine whether the 


pathologic process is limited to a single lesion or whether multiple lesions are 


present.  This may require additional radiographic exposures in order to 


completely survey the areas of concern.  In most cases, only a single lesion will 


be present.  When multiple lesions are discovered, the examiner must consider 


the very good likelihood that a systemic disease process is present.  This 


systemic disease process may be developmental (genetic), metabolic, or 


neoplastic in its origin and all of these possibilities must be explored.  It is 


important to remember that the presence of multiple lesions does not necessarily 


herald a systemic disease, and it is possible that the multiple lesions represent 


separate, unrelated, and distinct pathologic entities.  It is also possible that 


multiple lesions of the same pathologic process may be present without a 


systemic etiology.



Single lesions:




Usually indicate localized disease



Multiple lesions:




1.  Systemic disease:





Developmental (Hereditary or genetically based)





Metabolic (Endocrine abnormalities)





Neoplastic (Metastatic disease)




2.  Multiple without systemic etiology




3.  Multiple unrelated lesions

Site of the lesion


The fourth step in evaluating radiographic pathology entails determining the site 


of the lesion.  While it can be important to classify lesions by their exact 


anatomic location at times, it is often more valuable, for general evaluations, to 


simply separate the site of the lesion into two very broad categories:





1.  Lesions intimately associated with a tooth





2.  Lesions unassociated with a tooth



1.  Lesions intimately associated with a tooth:



In general, lesions that are intimately associated with a tooth will be 




found to be odontogenic in origin in most cases.  If the tooth is 




embedded in the center of the radiographic lesion, the likelihood of 




odontogenic origin is even greater.  This holds true whether the tooth in 




question is erupted, partially erupted, or impacted.  Sometimes the tooth 




may lie adjacent to the radiographic lesion and it may not be possible to 




determine with certainty whether it is an intimate part of the pathologic 




process.  Statistically, however, the chances of odontogenic origin are 




still greatest and this should be reflected in the differential diagnosis.  The 




differential diagnosis will vary depending on the location of the lesion 




relative to the tooth, and three categories will be seen:






a.  Periapical lesions






b.  Lateral root lesions






c.  Pericoronal lesions




a.  Periapical lesions 






Periapical lesions are most often seen with erupted teeth, 






although occasionally a periapical lesion can be seen in an 






impacted tooth too.  A very high percentage of lesions at the 






periapex will be found to be inflammatory in origin.  While 






unusual things like odontogenic tumors and malignancies 






might be considered as well, these are decidedly unusual in 






this setting.  Differential diagnosis for lesions at the periapex 






would always include:






Periapical granuloma






Periapical cyst






Periapical abscess






Periapical scar






Periapical cemental dysplasia





b.  Lateral root lesions






Lesions at the lateral root encompass a broader spectrum than 






either periapical or pericoronal lesions.  Because of the 






presence of lateral root canals, all the inflammatory lesions 






noted at the periapex could likely occur at the lateral root area 






as well, with the exception of the periapical scar.  Periapical 






cemental dysplasia is also not normally associated with a 






lateral root location.  Those lesions normally associated with a 






pericoronal location should also be included in the differential 






diagnosis of lateral root lesions.  This group includes most of 






the odontogenic tumors.  Tumors of the periodontal ligament 






are commonly noted in a lateral root location.  In addition, two 






specific entities, both odontogenic in origin, are classically 






associated with a lateral root location--the lateral periodontal 






cyst and the botryoid odontogenic cyst.





c.  Pericoronal lesions






Pericoronal lesions are associated with impacted, partially 






impacted, or erupting teeth.  They rarely are found to be 






entirely inflammatory in etiology.  Ordinarily the etiology is 






associated with the formative epithelium of the tooth bud and 






the vast majority of these lesions will be developmental 






odontogenic cysts or odontogenic tumors.  Few other entities 






need to be considered in the differential diagnosis, but this is 






dependent on the individual clinical situation.  Standard 






differential diagnosis would include;






Hyperplastic dental follicular tissue






Dentigerous cyst






Odontogenic keratocyst






Odontoma






Ameloblastoma






Other odontogenic tumors



2.  Lesions unassociated with a tooth:




While the possibility of odontogenic origin can never be entirely 




discounted when dealing with lesions of the jaws, when lesions are 




unassociated with teeth, the likelihood that they will not be of 




odontogenic origin is certainly enhanced.  Thus, non-odontogenic cysts 




and tumors, developmental anomalies, metastatic disease, and traumatic 




injuries become a more prominent component of the differential 




diagnosis.  Lesions with an odontogenic etiology will still be a part of the 




differential diagnosis, however.  

Effects of the lesion


The final step in the analysis of radiographic pathology is to evaluate changes that 


occur due to the presence of the lesion.  These effects may be produced on 


adjacent structures such as the erupted or developing teeth, nerve canals, and 


anatomic boundaries or they may be seen to affect the delimiting cortical bone.  In 


either case, the effects of the lesion will fall into three categories.  Thus the effects of 


the lesion on surrounding tissues can be divided as follows:



1.  Effects on adjacent structures (teeth, etc.)



a.  None:





No change noted despite the presence of the lesion.  This is usually 





indicative of a benign lesion that is very slow growing or even 





static.




b.  Pushing or displacing:





Objects are obviously pushed out of their normal position without 





significant destruction of the object.  This is usually indicative of a 





benign lesion that is actively growing, albeit slowly in most 





instances.  Occasionally some destruction of the object is seen, 





depending on the clinical situation, and most often this presents as 





root resorption.  When present, lesions producing displacing effects 





cause root resorption in the same pushing type manner and in the 





same direction as they displace the tooth.  This is best described as 





unidirectional resorption and, again, indicates a slow growing, 





benign process.




c.  Destructive:  




Objects are destroyed rather than displaced.  Little or no alteration 





of the normally expected position of the object is detected.  This 





usually indicates a very rapidly growing lesion, often malignant, that 





is "chewing up" everything in its path.  The least calcified structures 





are destroyed first, and therefore the teeth are at first somewhat 





resistant to destruction while the surrounding bone is not.  Because 





the tooth can easily become entirely surrounded by the lesion, 





resorption can occur in the absence of displacement since the 





neoplasm will begin to destroy the tooth from more than one 





direction.  Thus, root resorption in destructive lesions usually takes 





on one of two characteristic appearances.  The first is termed a 





"spiked root" form in which the root is resorbed fairly evenly and 





circumferentially producing a thin, sharp periapex.  The second 





characteristic appearance for root resorption in destructive lesions is 





described as "moth-eaten," with an irregular scalloped edge 





normally being seen.  In either case, the resorption demonstrated is 





multidirectional.



2.  Effects on cortical bone:




a.  None:





The lesion is contained within the anatomic confines of the normal 





bone.  This is indicative of a benign lesion that is very slow 





growing or even static.




b.  Expanding:





The cortex is intact over the lesion but the normal anatomic form of 





the bone is distorted.  In most cases, the bone appears bowed over 





the lesion.  Most often, a thin but dense cortical layer of bone is 





maintained; occasionally it may appear less dense.  This normally 





indicates a benign lesion but one that is enlarging and placing 





pressure on the cortex.  If allowed to continue to grow and reach 





very large size, there may be a tendency to pathologic fracture 





because of the sheer size of the pathologic lesion.  While pathologic 





fracture may distort the interpretation, in most cases the lesion will 





continue to show characteristic features in areas away from the 





fracture site.




c.  Destroying:





The cortex is destroyed; there is no evidence of expansion.  An 





intact cortex adjacent to the lesion makes an abrupt change into the 





lesional area.  This is often accompanied by a moth-eaten or diffuse 





border in other areas of the lesion.  This finding heralds a rapidly 





growing, malignant lesion in nearly all instances.

Importance of clinical correlation


It cannot be emphasized strongly enough that the evaluation of radiographic 


pathology must include correlation with the clinical information.  The clinical 


information will often provide invaluable clues to the exact nature of the 


pathologic process.  In addition, clinical findings can significantly alter the 


differential diagnosis by providing information that cannot be obtained by 


viewing of the radiographs alone.  Thus, a patient with an otherwise benign 


appearing radiographic lesion but with paresthesia would generate more 


concern than if there was no paresthesia.  Clinical information of value in all 


instances would include:



Age



Race



Sex



Tooth vitality



Past medical history:




of benign neoplasms




of malignant disease




of metabolic or endocrine disease



Symptoms:




presence or absence of pain




presence or absence of paresthesia/anesthesia




obvious clinical expansion (perhaps unseen on the radiograph)




rate of growth



Duration of the lesion

Characteristic radiographic presentations:


Buzzwords:


Certain radiographic appearances are typically associated with specific 



disease processes.  It should be remembered, however, that the radiographic 



appearance of any lesion is never pathognomonic.  Therefore, while we 



commonly associate the following radiographic characteristics with the 



diseases listed, other entities must also always be considered in the 



differential diagnosis.



Ground glass:
Fibrous dysplasia, hyperparathyroidism



Peau d'orange:
Fibrous dysplasia, hyperparathyroidism



Onion skinning:
Ewing's sarcoma, Garre's osteomyelitis



Sun-ray:
Osteosarcoma, chondrosarcoma, hemangioma



Cotton wool:
Paget's disease



Tooth in air:
Histiocytosis X, malignant neoplasms, periodontitis



Driven snow:
Calcifying epithelial odontogenic tumor



Stepladder trabeculae:
Sickle cell anemia, thalassemia


Widened periodontal membrane space:


A widened periodontal membrane space may be the only early evidence of 



certain diseases and is often viewed as an ominous sign.  However, there are 



several other disease entities that can also produce this radiographic sign.  A 



differential diagnosis for widened periodontal membrane space should 



include:



Osteosarcoma



Chondrosarcoma



Scleroderma



Vertical root fracture



Orthodontic tooth movement
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