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Abstract:

Panoramic radiography has a role in support
of maxillofacial surgery in the evaluation of
suspected jaw fractures involving teeth, and
in assessment of fractures of the mandibular
body and angle. Panoramic radiographs,
however, should not be relied upon for
detecting subtle changes in the
temporomandibular joint and condylar head
consequent to trauma. To evaluate maxillary
trauma, the panoramic radiograph should be
considered merely adjunctive to computed
tomography. While panoramic radiography is
especially useful in demonstrating changes
involving teeth and alveolar bone, modern
computed tomography better defines the
bony structures of the maxilla.
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After studying this article,
the reader should be able to:

m Define the role of panoramic radiology in
the detection of mandibular fractures.

m Describe the areas where fractures of the
maxillofacial structures are not well
illustrated by panoramic radiographs.

m Understand the value panoramic
radiography has over computed
tomography in the detection of fractures
involving teeth and alveolar bone.
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The panoramic radiograph is, without a doubt, one of the
most frequently selected and utilized diagnostic images for the
initial workup of maxillofacial surgery patients. It also is
especially relevant when teeth are in close proximity to
pathoses or intricately involved in bone fractures following facial
trauma. However, this does not mean that the panoramic
radiograph is always sufficient in itself. Not infrequently, clinical
and panoramic radiographic findings will lead to selection of
additional advanced imaging, including computed tomography
with three-dimensional reconstruction.

For maxillofacial surgery, panoramic radiography is helpful
in evaluation of: (1) dental impactions; (2) mandibular and
dental fractures; (3) maxillofacial cysts and tumors; and (4)
other jaw pathoses. This article will focus mainly on the use of
panoramic radiography in detection of fractures of the
mandible, and conditions predisposing to such fractures
consequent to maxillofacial trauma. Suspected maxillary bone
fractures are better detected using computed tomography
(CT) than with plain films or panoramic images; however,
panoramic radiography is still valuable for evaluation of dental
fractures and fractures limited to the alveolar bone.

Fractures of Teeth and Alveolar Bone

Traumatic injuries can be localized to the dentition (Fig. 1A,
B) and are usually demonstrated on either panoramic or
periapical radiographs. While periapical radiographs have
higher spatial resolution, their field of view is restrictive.
Further, if such high resolution is needed to find a fracture
line, it is quite likely that contrast considerations and beam
geometry will obscure the fracture. Periapical radiographs
also need to be placed in the mouth,and that might not be a
pleasant experience for the patient with a bruised or
lacerated lip. When the alveolar bone is also fractured, the
extent of the injury can be difficult to assess simply by
periapical radiography (Fig. 1C,D,E). Cardinal radiologic signs
of traumatic injuries to teeth are listed in Table 1.

Fractures of the Body and Angle of the Mandible

At times, an alveolar fracture with dental subluxation may
be the obvious consequence of facial trauma; however, a
panoramic radiograph still can be useful in detecting
additional unsuspected fractures (Fig.2A).In this case, alveolar
fracture in the anterior mandible was accompanied by a
hairline fracture through the mandibular body, extending
from the roots of the one standing periodontally involved
right molar tooth (Fig. 2A - detail). It should be remembered
that even a negative finding is of value in determining the
correct treatment plan. The value of the panoramic view to
clinical management should not be second guessed
retrospectively away from the clinical situation that evoked

radiograph selection. A more readily detected mandibular
body/angle fracture - also associated with the periodontal
space of a molar tooth - is illustrated in Figure 2A and 2B -
detail. Case 2B is more readily detected than Case 2A due to
slight displacement of the bony fragments, obvious loss of
continuity of the mandibular cortex, and the radiographic
beam geometry being perfectly tangential to the fracture
line.In Case 2A, there is little or no displacement of the bony
fragments in the fracture of the mandibular body. The
fracture line is “double” indicating that the beam geometry
was not tangential to the fracture. Additional cases where
teeth were associated with mandibular fracture are illustrated
in Figure 3.This leads to the question of the role of teeth in
predisposition to jaw fracture.

Table 1:Radiological Signs of
Traumatic Injuries to Teeth

Recent Tooth Fracture

* Thin radiolucent line(s) extending through any
portion of tooth.

«“Step defect.”

+ Well-defined yet soft radiolucent band
(where central x-ray beam cuts fracture
line obliquely).

« For crown, transillumination and/or
disclosing solutions often useful.
Tooth Displacement

+ Concussion - no radiologic sign or periodontal
ligament (pdl) space widening, most frequently
apically.

+ Subluxation - often tooth mobility with no
radiologic sign or pdl widening.

+ Luxation — widened pdl (unless intrusive); minor
alveolar fracture(s); step in dental occlusion.
Later Changes Following Luxation

« Pulp necrosis - widened pulp due to absence of
continued secondary dentin formation.

+ Apical periodontal pathosis.
« External root resorption and possible ankylosis.

* Pulpal obliteration.




Dental Impactions as Predisposing Factors to Mandibular Fracture

The question of whether the mandibular third molar (M3) is a risk factor for
mandibular angle fracture was posed by Ma‘aita and Alwrikat (Ammam, Jordan) in
year 2000." They examined the medical records and panoramic radiographs of 615
patients who had suffered mandibular fractures. The presence or absence and
degree of impaction of the M3 teeth were assessed for each patient and related to
the occurrence of fracture at the mandibular angle. Other information collected
included patient age, sex, mechanism of injury, number, and specific location of
mandibular fracture. Chi-square and Student t tests were used to statistically
evaluate the data, and the incidence of mandibular angle fracture was found to be
significantly greater when an unerupted M3 was present (p<.05). Of the 426
maxillofacial trauma patients with an M3, 127 (29.8%) had angle fractures. Of the 189
patients without an M3, 25 (13.2%) had angle fractures. Hence, the mandibular angle
that contains an impacted M3 is more susceptible to fracture when exposed to
trauma than is the mandibular angle where the M3 is absent.

Meisami, et al. (Toronto, Canada) further assessed the influence of the presence,
position, and severity of impaction of the M3, on the incidence of mandibular angle
fractures.? A retrospective cohort study was designed for patients presenting to the
Division of Oral and Maxillofacial Surgery, Toronto General Hospital for treatment of
mandibular fractures from January 1995 to June 2000. The study sample comprised
413 mandibular fractures in 214 patients. The independent variables in this study
were the presence, position and severity of impaction of M3 teeth. The outcome
variable was the incidence of mandibular angle fractures. Hospital charts and
panoramic radiographs were used to determine and classify these variables.
Demographic data collected included age, sex, mechanism of injury and number of
mandibular fractures. The incidence of angle fractures was found to be significantly
higher in males than in females and was most commonly seen in the third decade of
life. Assault was the most frequent etiological factor. Patients with M3 had three times
the increased risk of angle fractures when compared to patients without these teeth
(p<0.001). Impaction of M3 significantly increased the incidence of angle fractures
(p<0.001); however, the severity and angulation of M3 impactions were not proven to
be significantly associated. This study provides evidence that patients with retained
impacted M3 molars are significantly more susceptible to mandibular angle fracture
than those without. The risk for angle fracture, however, was not proven to be
influenced by the severity of tooth impaction.

lida and co-workers (2005) from Heidelberg, Germany also investigated the risk of
mandibular angle fractures in relation to the status of the incompletely erupted M3.?
They used panoramic radiographs to review 436 mandibular halves in 218 patients

Table 2:
Radiological Signs of Mandibular Fractures

Alveolar Bone

+ Sharply defined, uncorticated and occasionally jagged radiolucent line in alveolus.
« Fracture line(s) mostly horizontal.

+ Segment of teeth may be displaced.

+ Widened periodontal ligament spaces.

+ Possible associated tooth root fractures.

Mandibular Body

+ Radiographic visible line of cleavage if x-ray beam parallels fracture line.

+ Line of cleavage may be indistinct if x-ray beam is not parallel to fracture line.
+ Step defect.

« Contralateral condylar head frequently fractured.

Mandibular Condylar

+ Condylar head “sheared off” and telescoped inward on itself.

+ Step defect.

+ Overlap of trabecular pattern seen as band of increased opacity.
+ Deviation of mandible to affected side.

* Rarely, condylar head maintains integrity.

Fig. 1. Traumatic dental injuries: A. Detail of panoramic radiograph showing fracture of crown of right
maxillary central incisor tooth. B. Periapical radiograph demonstrating root fracture of left maxillary
central incisor tooth. C. Panoramic detail. Luxation of mandibular anterior teeth. D. Panoramic detail.
Mandibular alveolar fracture. E. Panoramic detail. Maxillary alveolar fracture.

Fig. 2. A. Alveolar fracture in anterior mandible (red arrows). There is also a fracture in the right molar
region of the same jaw (yellow arrow and detail). B. Tooth-associated fracture of left mandibular angle.

Fig. 3. A. Mandibular fracture in right third molar region (blue arrows). B. Mandibular fractures in
right molar and left premolar regions (incidentally, molars are taurodonts).



Fig. 4. A. Mandibular fracture (depressed) in left canine/premolar region. Note fracture line and step in
cortical outline. B. Comminuted fracture of left mandibular body (positioning error are not unusual in
trauma victims — the patient’s chin was too low and head too far forward in this case).

Fig. 5. Cone beam computed tomography of mandibular body fracture: A. Axial section (0.4 mm voxel
thickness) B. Detail from axial slice. C. Surface rendered 3-D reconstruction: Submental view D. Surface
rendered 3-D reconstruction: Lateral view.

Fig. 6. A. Fracture of right mandibular condyle and at left angle of mandible. B. Fractures of
mandibular symphysis and left condyle.

between the ages of 15 and 40 years old with mandibular fractures. The incidence of
angle fractures in the mandibular halves with incompletely erupted M3 teeth was
30.8% and this was statistically significantly higher than that in controls (p<0.0001).
Moreover, the deeply located M3 was associated with a higher incidence of
mandibular angle fracture when compared with the adjacent second molar
(p<0.0001). This differs from the finding of Meisami, et al* lida and co-workers
concluded that the incompletely erupted M3 close to the inferior border of the

mandible significantly increases the risk of mandibular angle fractures in individuals
subjected to maxillofacial trauma.

Panoramic Radiographs and Mandibular Fracture Assessment
Cardinal radiologic signs of alveolar bone fracture are listed in Table 2.

Nair and Nair (Pittsburg, PA) compared the diagnostic efficacies of panoramic
radiographs, plain film mandibular trauma series (comprising an anteroposterior view,
a reverse Towne's and two lateral obliques), and digitized radiographs for detection of
simulated fractures of the mandible.’ Fractures were induced using blunt trauma to 25
cadaver mandibles. Six observers recorded their interpretations using a five-point
confidence rating scale. The data were analyzed using receiver operating
characteristic curve analysis. Significant differences based on imaging modalities were
found (p< 0.0015) in the area under the curves (A,): panoramic radiograph, 0.8762;
mandibular series, 0.7521; panoramic plus anteroposterior radiographs combination,
0.8886; and digitized mandibular series, 0.7723. Condylar and coronoid fractures were
more difficult to detect than those in other areas of the mandible (p<0.033).Intra- and
inter-observer agreements were high (kappa(w) = 0.81 and 0.76, respectively). It was
concluded that panoramic radiographs are adequate for detection of mandibular
fractures. Addition of an anteroposterior view augments diagnostic accuracy.

In year 2000, Guss, et al. (San Diego, CA) stated that the two primary radiographic
techniques used in Emergency Medicine for the evaluation of mandible injury were
panoramic radiography (PR) and the standard four-view mandibular series.® A
prospective, blind study of 54 patients presenting with acute mandibular injury was
used to compare mandibular plain radiographic series with panoramic radiography in
detection of mandibular fractures. Two board-certified emergency physicians and a staff
radiologist read the series of mandibular series and panoramic radiographs in a
randomized fashion without access to clinical information or identifying patient data.
The absolute number of fractures present was determined by a neuroradiologist with
access to both sets of images simultaneously as well as pertinent clinical information. 30
patients had 47 mandibular fractures. The sensitivity for fracture detection for each
physician was 0.85,0.77, and 0.89 with mandibular plain film series and 0.79, 0.74, and
0.83 with panoramic radiography (p> or = 0.51, p>1.00, and p>0.51, respectively,
McNemar's binomial test). The specificity for fracture detection for each physician was
0.88, 0.92, and 0.96 when using the mandibular series and 0.96, 1.00, and 0.92 for
panoramic radiographs (p > 0.625, p > 0.50, and p = 1.00, respectively, McNemar's
binomial test). Hence, a panoramic radiograph was proven to be equal to a four-film
mandibular series in sensitivity and specificity for the detection of mandibular fractures.

Certainly, extensive mandibular fractures through the body of the mandible with
segment displacement or comminution are clearly demonstrated on panoramic
radiographs (Fig.4.) even though precise patient positioning may be impaired by the
patient’s injury.

The Roles of Computed Tomography and Panoramic Radiology in
Mandibular Fracture Detection

A prospective comparison of axial computed tomography (CT), versus standard
mandibular plain film series and panoramic radiographs in the detection of
mandibular fractures was made by Markowitz, et al. (Los Angeles, CA).” The authors
studied 33 mandibular fractures in 21 consecutive patients with standard mandibular
series, panoramic radiography, axial CT, and coronal CT. Differences in diagnostic
accuracy and sensitivity were calculated for four blinded reviewers. Overall sensitivities
of mandibular fracture detection were not statistically significant between the imaging
studies. Excluding technically inadequate studies, panoramic radiography was 100%
accurate and sensitive. Diagnostic accuracy and sensitivity did not correlate
measurably with reviewers' impressions of the quality of a particular exam. Observers
using axial CT detected significantly fewer angle fractures than they did with standard
radiographs (60% versus 98%, p = 0.006) and coronal CT (60% versus 100%, p = 0.008).
False-positives were unusual except when observers used plain mandibular
radiographs.The clear definition of both coronal and axial CT scans made their analysis



simpler than the plain radiographs. Lack of fracture displacement was the single most
important factor in missed fractures with all modalities. The authors concluded that in
clinically stable and cooperative patients with mandibular trauma, panoramic
radiography and coronal CT are recommended to confirm clinical suspicions when
the mandibular series is equivocal. To supplement the mandibular series in the
uncooperative or multisystem trauma patient, axial CT scans were not found to be
beneficial. Moreover, the authors noted that no diagnostic modality obviates the
need for a careful physical exam of the patient. An example of the use of cone beam
computed tomography demonstrating a mandibular body fracture in axial section
and 3D reconstruction is provided by Figure 5.

In 2001, Wilson, et al. (Minnesota, USA) reported a prospective study that
compared the sensitivity of panoramic tomography to that of helical computed
tomography (CT) in detection of 73 mandibular fractures in 42 consecutive patients.®
The study sought to determine the optimal radiologic examination for the diagnosis
and operative management of mandibular fractures. The attending surgeons'
interpretations of panoramic radiographs and helical CT images in the axial plane
were compared with the patients' known surgical findings. A series of questions
assessed the relative contribution of the two radiologic examinations in formulating
an optimal operative plan for each patient. In the 42 patients studied, the sensitivity
of helical CT was 100% for observer detection of mandibular fractures, compared
with 86% (36 of 42) for the observers performance in using panoramic radiography
(p=0.041).In the six patients where fractures were not noted by the observers using
panoramic radiography, operative management was altered because of the
additional fractures that were detected on helical CT. Comparing fracture detection
by region, seven fractures found on helical CT were not visualized on panoramic
radiography - and six of these were in the posterior mandible. Helical CT sufficiently
demonstrated details of fractures in 41 of 42 patients; however, in one patient, the
nature of a dental root fracture was better delineated by panoramic tomography
than CT.These findings suggest that panoramic radiography can be equal to helical
CT for fractures of the body of the mandible and more reliable than helical CT when
teeth are involved in the fracture line, but that helical CT should be performed when
there is concern over possible fractures in the mandibular ramus and condyle
regions. Druelinger, et al. (Chicago, IL) report that plain films can serve as a
springboard, giving direction and orientation to CT when this is indicated.” This
undoubtedly is also the case for panoramic radiographs.

Roth et al. (2005) compared the identification of mandible fractures by helical
computed tomography and panoramic imaging.”” They noted that while the
introduction of CT in 1972 revolutionized the radiographic evaluation of patients who
had experienced facial trauma, panoramic radiography continues to be superior in
sensitivity to CT in the identification of mandible fractures and has been considered
the gold standard. On the other hand, for fractures of the maxilla the gold standard is
high-resolution helical CT providing multiplanar analysis for detection of fractures of

—

the upper two thirds of the face. In the study by Roth et al. to compare the sensitivity,
physician interpretation error, and interphysician agreement of helical CT and
panoramic radiography in the identification of mandible fractures, the number and
anatomical location of mandible fractures identified by helical CT and panoramic
radiography was not significantly different. However, the number and location of 96%
of fractures identified by helical CT was agreed on by neuroradiologists compared
with only 91% of fractures identified by panoramic radiography. Furthermore, the
interphysician agreement when no fracture was identified was 96% for helical CT
versus only 81% by panoramic radiography.The authors conclude that helical CT now
surpasses panoramic radiography for evaluation of mandibular fractures.
Nevertheless, an alternative conclusion might be that neuoradiologists need better
training in reading panoramic radiographs.

Extensive condylar head displacement subsequent to fracture is obvious on
panoramic radiography (Fig. 6), however, the beam geometry of panoramic
radiography precludes this being the technique of choice where more subtle changes
due to trauma to the temporomandibular joint are present. There is often simply too
much superimposition of anatomic structures in the temporomandibular joint region
when the mouth is closed and standard panoramic radiography is employed.

A comparative study of the sensitivity and specificity of panoramic radiographs
with those of coronal CT scans in the diagnosis of mandibular condylar fractures in
children was made by Chacon, et al. (Seattle, WA)." Medical, dental, and
radiographic records of patients who presented between 1995 and 2000 were
evaluated for injuries involving the mandibular condyle. The sample included 22
males and 15 females with ages ranging from 2 to 15 years (mean, 8 years). Control
subjects matched by age and gender were added.The panoramic radiographs were
blocked to allow separate evaluation of each condyle. Representative images from
the CT scans were selected and individually photographed for projection. Both sets
of images were evaluated by four groups of examiners: oral and maxillofacial (OMF)
surgeons who regularly deal with pediatric trauma (n = 2), community OMF
surgeons who had been out of training for at least five years (n = 6), OMF
radiologists (n = 3),and OMF surgery residents (n = 6). Each image was shown for 20
seconds and the examiners were given three options to choose from: (1) fracture,
(2) no fracture, and (3) uncertain. The overall diagnostic accuracy of observers
utilizing CT scans was 90% (sensitivity, 92%; specificity, 87%), and that of panoramic
radiographs was 73% (sensitivity, 70%; specificity, 77%). Statistical analysis of the
results was performed using Chi* analysis. The differences for sensitivity
measurements using the CT scan were not statistically significant (p>.1); however,
the differences in sensitivity measurements using the panoramic radiographs and
the specificity measurements using both the CT and panoramic radiographs were
statistically significant (p <.05). CT scans provided consistently greater accuracy of
diagnosis, sensitivity, and specificity than panoramic radiographs in the assessment
of children suspected of having condylar fractures. In view of the high rate of false-

Fig. 7. A. Pathological fracture associated with large apical periodontal (dental) cyst in left  Fig. 8. Comminuted fracture of left mandibular ramus caused by qunshot injury. A. Panoramic

mandibular first molar region. B. Pathologic fracture associated with large apical periodontal cyst

(lateral-oblique view from same patient).

radiograph. B. Posterior-Anterior radiograph.








