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ABSTRACT

Objective
The aim of the study was to evaluate the contribution of lateral and frontal teleradiographs to the identification and location of calcifications 
in soft tissues, when compared with those observed in panoramic radiographs.

Methods
Radiopaque references in gutta-percha were placed unilaterally on the heads of three cadavers, endeavoring at all times to keep to the same 
level as the bifurcation of the common carotid artery in different structures, sites of possible calcifications, and three radiographic incidences 
were obtained for each anatomic part. Thus, the sample of this study was composed of 27 panoramic radiographs, 27 lateral teleradiographs 
and 27 frontal teleradiographs, totaling 81 radiographs.

Results
According to the criteria of Cicchetti and Sparrow, the intraclass correlation coefficients (ICCs) obtained were below 0.40. 

Conclusion
It can be concluded that the lateral and frontal teleradiographs did not contribute efficiently to the identification and location of 
radiopacities in the cervical region, and that the anatomic conformation interferes in the observation of the presence of radiopacity 
in the cervical region.

Indexing terms: Atherosclerosis. Diagnosis. Radiography.

RESUMO

Objetivo
Avaliar a contribuição das telerradiografias, nas normas lateral e frontal, na identificação e localização de calcificações em tecidos moles, 
quando comparado com as observadas em radiografia panorâmica.

Métodos
Referências opacas em guta percha foram posicionadas unilateralmente, em três cabeças de cadáveres, procurando manter sempre no 
mesmo nível da bifurcação da artéria carótida comum, em diferentes estruturas, sítios de possíveis calcificações e foram obtidas três 
incidências radiográficas para cada peça anatômica. Assim, a amostra deste estudo foi composta por 27 radiografias panorâmicas, 27 
telerradiografias em norma lateral e 27 telerradiografias em norma frontal, totalizando 81 radiografias.

Resultados
De acordo com os critérios de Cicchetti e Sparrow observou-se valores inferiores a 0,40  de coeficiente de correlação intraclasse (CCI) entre 
os métodos.

Conclusão
Foi possível concluir que as telerradiografias em norma lateral e frontal não contribuem eficazmente na identificação e localização de 
radiopacidades na região cervical, e que a conformação anatômica interfere na observação da presença de radiopacidade na região cervical.

Termos de indexação: Arteriosclerose. Diagnóstico. Radiografia. 
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INTRODUCTION

Panoramic radiography is the most used extra-oral 
radiographic exam in dentistry, providing a broad vision of 
the dental-buccal-maxillary-facial complex. When present, 
calcifications in soft tissues can be observed by means of 
this exam, but it is necessary to know the principles of 
interpretation in these radiographs, in order to identify 
these calcifications in the head and neck regions. The 
literature has warned about the presence of radiopaque 
images in panoramic radiographs, adjacent to the spine, 
indicative of calcifications in the bifurcation of the carotid 
artery, representing signs of the presence of atheromas, 
which my degenerate into more serious cerebrovascular 
and cardiac diseases1-3. 

Different radiopaque images can be observed 
in the cervical region (anatomic and pathologic), whose 
characteristics should be known. 

There are, however, considerations to be made 
with regard to the different physical constitutions between 
sexes, races, and even related to the physical type of the 
individual, which may produce differentiated projections in 
panoramic radiographs.

Historically, dentists have used lateral cephalometric 
radiographs to evaluate the facial morphologic characteristics 
of children and adolescents in the stage of growth; that is, 
persons with low risk of developing atherosclerosis. Recently, 
however, dentists have used this image modality to evaluate 
adult patients that sought orthodontic treatment, implants 
and sleep apnea therapy. The prevalence of atherosclerosis 
in the carotid artery among these patients is undoubtedly 
greater, therefore becomes advantageous for dentists to pay 
attention to observing calcified atheromas in cephalometric 
radiographs. Many dentists could help in the prevention of 
certain diseases, especially those who treat a large number 
of patients over the age of 40 years, and those who use this 
exam for some type of dental evaluation4. 

In panoramic radiographs, there are still doubts about 
the exact location of these calcifications in soft tissues, which 
may lead to errors in interpretation, so that it is justifiable to 
conduct this study using lateral and frontal teleradiographs as 
complementary radiographic images for diagnosis.

METHODS

The research project was evaluated and approved 
by the Research Ethics Commission of the Pontifical Catholic 
University of Parana, Curitiba, State of Parana, Brazil, and 

the Research Ethics Commission of the Dental Faculty of 
University of São Paulo, Brazil was informed about it. 

The sample of this study was composed of 27 
panoramic radiographs, 27 lateral teleradiographs and 27 
frontal teleradiographs, totaling 81 radiographs, obtained 
from three anatomic parts of cadavers, conserved in formol, 
consisting of the head and neck, belonging to the Anatomy 
Department of the Pontifical Catholic University of Parana, 
Curitiba, and State of Parana, Brazil.

To simulate calcifications in soft tissues in the anatomic 
parts, round shaped radiopaque references (Rr) were made of 
gutta-percha on a sharp pointed rod made from polystyrene 
(Figure 1).These references were placed unilaterally, at all 
times seeking the same level of the common carotid artery 
bifurcation, in the following structures and locations:

- Submandibular gland: in the inferior third of the 
superficial face of the superficial portion of the submandibular 
gland, in the anterior-posterior and superior-inferior direction. 

- Thyroid cartilage: on the superior horn.
- Triticeous cartilage: on the triticeous cartilage.
- Bifurcation of the common carotid artery: inside 

the bifurcation.
- Hyoid Bone: greater horn of the hyoid bone.
- Stylohyoid Ligament: close to the insertion of the 

stylohyoid ligaments on the greater horn of the hyoid bone. 
- Stylomandibular ligament: close to the insertion of 

the stylomandibular ligament on the angle of the mandible.
- Palatine Tonsil: in the central region.
- Epiglottis: on the apex.

Figure 1. Radiopaque references in gutta-percha.

For each of the above-mentioned structures, a 
panoramic radiograph, a lateral teleradiograph and a frontal 
teleradiograph were obtained, thus totaling three incident 
radiographic images for each anatomic piece.
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To obtain the radiographs, the panoramic 
appliance Orthophos CD (Siemens Corp®, Munich, Bavaria, 

Table 2. Frequency of correct answers by examiners in evaluating the 
anatomic structures in the heads of cadavers.

Head Anatomic structure Correct answers %
3 60
7 40
8 40
9 40

1 1 0
2 0
4 0
5 0
6 0
4 60
9 60
1 40
7 40

2 8 40
3 20
6 20
2 0
5 0
3 80
9 80
5 60
1 40

3 7 40
8 40
4 20
6 20
2 0

Note: Anatomic structures: 1 - Submandibular gland; 2 - superior horn of the 
thyroid cartilage; 3 - triticeous cartilage; 4 - carotid artery bifurcation; 
5 - greater horn of  the hyoid bone; 6 - stylohyoid ligament; 7 - 
stylomandibular ligament; 8 - palatine tonsil; 9 - epiglottis.

Germany) was used. The working regime established is 
shown in Table 1:

Table 1. Working regimes use for performing different techniques on different heads.

kVp
Panoramic Lateral telerradiograph Frontal telerradiograph

mA seconds kVp mA seconds kVp mA seconds
Head 1 60 14 14 84 13 0,25 84 13 0,25
Head 2 60 10 14 84 13 0,25 84 13 0,32
Head 3 60 14 14 84 13 0,25 84 13 0,25

The radiographic films used were T-Mat G/RA 
(Kodak®, Rochester, N.Y. USA), size 15x30 cm, with Lanex 
intensifying screen (medium), size 15x30 cm (Kodak®, 
Rochester, N.Y. USA) for taking the panoramic radiograph. 
To take the lateral and frontal teleradiographs, T-Mat G/RA 
(Kodak®, Rochester, N.Y. USA), size 18x24 cm films, with 
Lanex intensifying screen (medium), size 18x24 cm (Kodak®, 
Rochester, N.Y. USA) were used. All the radiographs were 
processed automatically with a Glunz & Jensen- Electronic 
and Mechanical Engineering® processor, Model Multi-X 36 
(Glunz & Jensen Inc.®, Copenhagen, Denmark) with Kodak® 
brand processing solutions. 

To standardize the positioning of the anatomic part 
and stabilize it on the panoramic appliance, a mannequin 
bust made from polypropylene (Legas Metal®, São Paulo, 
S.P, Brazil) was used. 

Each anatomic part was therefore, placed in the 
panoramic appliance on the mannequin bust, following the 
habitual orientations for positioning patients. 

The radiographs were evaluated by 5 dental 
radiologists with a minimum of 5 years’ professional 
experience. Evaluations were made in a room with subdued 
ambient light with standart viewing box, without the use 
of magnifying lenses. They were asked to evaluate the 81 
radiographs, and answer two questions: 

1 Using the lateral and frontal teleradiographs and 
panoramic radiographs, check which was the most probable 
location of the radiopaque reference. Identify with letters of 
the alphabet using the options provided below.

a) Stylohyoid ligament
b) Carotid artery bifurcation 
c) Superior horn of the thyroid cartilage
d) Epiglottis
e) Stylomandibular ligament
f) Submandibular gland
g) Triticeous  cartilage
h) Greater horn of  the hyoid bone
i) Palatine tonsil
2 In your opinion, in the cases presented, when 

observing the radiopaque images in the locations suggestive of 

calcifications in soft tissues in the panoramic radiograph, and 
lateral and frontal teleradiographs, do they help in the differential 
diagnosis of these calcifications? Answer S (yes) or N (no).

Statistical analysis

The data collected on the examiners’ observations 
were analyzed for the intraclass correlation coefficient 
for more than 2 examiners, with the use of the “on line” 
statistical package of the University of Hong Kong (2009).

RESULTS

With regard to the first question, an intraclass 
analysis of correct answers among five examiners was made. 
The results the observations are shown in Table 2.
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Head 1

The (Rr) that was located on the triticeous cartilage 
received the highest percentage of correct answers (60%) 
by the examiners. Followed by 40% for the reference 
located on the stylomandibular ligament, palatine tonsil and 
epiglottis. There were no correct answers for the following 
structures: submandibular gland, superior horn of the thyroid 
cartilage,carotid artery bifurcation, greater horn of the hyoid 
bone and stylohyoid ligament.  

Head 2

The examiners obtained 60% of correct answers 
in the radiographs in which the (Rr)  were situated in the 
bifurcation of the carotid artery and epiglottis, 40 % in 
the submandibular gland, stylomandibular ligament and 
palatine tonsil, 20 % in the triticeous cartilage and stylohyoid 
ligament.  There were no correct answers for the following 
structures: superior horn of the thyroid cartilage and greater 
horn of the hyoid bone. 

Head 3 

The (Rr) that were located on the triticeous cartilage 
and epiglottis  obtained the highest percentage of correct 
answers (80%) by the examiners; on the greater horn of 
the hyoid bone (60%); 40% on the submandibular gland, 
stylomandibular ligament and palatine tonsil; 20 % in the 
bifurcation of the carotid artery and stylohyoid ligament. There 
were no correct answers in the radiographs in which the (Rr) 
were on the superior horn of the thyroid cartilage. 

Table 3 refers to the intraclass correlation coefficients 
(ICC) obtained using the "on line” statistical package of the 
University of Hong Kong (2008), which were: 0.0977 for all the 
results; 0.0075 for head 1; 0.0645 for head 2; 0.0977 for head 
3. According to the criteria of Cicchetti and Sparrow5 the ICC 
can be classified for the levels of clinical significance, as: poor < 
0,40; reasonable, 0.40 to 0.59; good, 0.60 to 0.74; excellent, 
0,.75 to 1.00. All the ICCs obtained were below 0.40.

regards the help of lateral and frontal teleradiographs in the 
differential diagnosis of calcifications when the radiopaque 
images were observed in the locations suggestive of 
calcifications in soft tissues in the panoramic radiograph.

DISCUSSION

The observation of radiopaque images adjacent 
to the cervical regions in panoramic radiographs has 
been of considerable interest over the last few years, 
particularly with regard to the presence of calcifications 
in the carotid artery region. The clinician must distinguish 
calcified atheromas of the carotid artery from anatomic 
and pathologic radiopacities present in these proximities. 
The anatomic radiopacities include the hyoid bone, 
epiglottis, and stylomandibular and stylohyoid ligaments. 
The pathologic radiopacities that may present in the 
carotid artery region include the calcified thyroid 
cartilage, more precisely the superior horn, calcification 
in the submandibular gland, phleboliths, calcified lymph 
nodes and tonsilloliths. Based on the location and typical 
morphology of the above-mentioned  entities, there 
is rarely any problem with distinguishing them from 
calcified atheromas1. The purpose of this research work 
was to help in the identification of these variabilities 
and draw attention to the existence of these structures, 
thereby reducing the possibility of these being diagnosed 
as calcified atheromas of the carotid. To do this, (Rr) were 
distributed by inserting them in the structures in which 
the highest number of mistaken identifications was 
believed to occur, and after this panoramic radiographs 
and lateral and frontal teleradiographs of the heads 
of cadavers were obtained. The (Rr) were inserted on 
the anatomic structures on purpose, at the same level 
of the carotid artery bifurcation. After obtaining the 
images, they were submitted to 05 dental radiologists 
with a minimum experience of 5 years, so that they 
would mark which would be most probable location of 
the calcification, or the anatomic structure, in the 81 
radiographs handed to them.

Many practitioners do not know that a calcified 
triticeous cartilage could be confused with a calcified 
atheroma1. However, the results of the present study 
pointed out that the (Rr) that was located on the 
triticeous cartilage obtained the highest percentage 
of correct answers (60%) by the examiners in head 
01; 20 % in head 02 and 80 % in head 03 (Figures 2, 
3, 4).  Since the study of Friedlander and Lande3, in 

Table 3. Intraclass Correlation Coefficient in evaluating the anatomic 
structures of the heads of cadavers.

Exams ICC*
Total 0.0977

Head 1 0.0075
Head 2 0.0645
Head 3 0.0977

Note: ICC - Intraclass Correlation Coefficient. * Absence of correlation 
among the observers.

With regard to the second question, 95.55% of 
affirmative answers were obtained by the examiners as 
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which they determined the presence and frequency of 
the occurrence of atherosclerotic plaques in panoramic 
radiographs, these observations gave rise to a certain 
trend among professionals, so that every and any 
calcification observed close to this region in panoramic 
radiographs would be pointed out as atheromas of the 
carotid6. Nevertheless, over the last few years, studies 
conducted by authors7-10 have been used as references 
with respect to calcifications of the triticeous cartilage and 
furthermore, the most recent studies11-12, emphasizing 
the importance of this anatomic structure with regard to 
diagnosis of the location of the radiopacity.

teleradiographs helped in diagnosis, since such structures 
are located more centrally (Figure 5).

Figure 2. Panoramic radiograph of head 3 with radiopaque reference on triticeous 
cartilage (arrow).

Figure 3. Head 3-Lateral telerradiograph of head 3 with radiopaque reference on 
triticeous cartilage (arrow).

Figure 4. Head 3-Frontal telerradiograph of head 3 with radiopaque reference on 
triticeous cartilage (arrow).

Figure 5. Head 1 - Frontal telerradiograph of head 1 with radiopaque reference on 
epiglottis (arrow).

The results of the present study also point out 
correct answers with regard to the epiglottis (40% in heads 
01; 02 and 03) and the palatine tonsil (40 % in head 01; 
60% in head 02 and 80 % in head 03). The use of frontal 
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The results obtained in the present study 
corroborate those observed by Carter1 that the calcifications 
of the superior horn of the thyroid cartilage are frequently 
unknown by dentists, as in general, only the superior 
portion (2 to 3 mm) of this calcified  cartilage is visible at the 
inferior edge of the panoramic radiograph. Only if the film 
were positioned beyond the inferior limit, would a longer 
view of this cartilage be seen. In the present research there 
were no correct answers when the radiopaque reference 
was located on the superior horn of the thyroid cartilage. 

Until a short time ago, only children and 
adolescents were submitted to orthodontic treatments 
using cephalometric radiographs. There are reports of the 
calcified thyroid cartilage image and its ossification being 
observed by means of cephalometric radiography13-14, but 
the ossification of this cartilage does not occur before the 
second decade of life. With the growing demand by adult 
patients in the age bracket from 20 to 60 years of age for 
orthodontic treatment, it is believed that calcification of 
the superior horn of the thyroid cartilage, when it occurs, 
could be noted more frequently and easily by dentists. 

In the study conducted to determine whether 
calcified lesions could be detected by means of conventional 
lateral cephalometric radiographs, it was concluded 
that such radiographs could demonstrate calcifications 
consistent with atherosclerosis of the carotid artery4. The 
same result was not obtained in the present study, since 
the mean of correct answers by the examiners was not 
constant with regard to the radiopaque reference located 
in the region of the carotid artery bifurcation. In head 1 
there were no correct answers; in head 2 there were 60% 
of correct answers and 20% for head 3. This probably 
occurred, as it is known that calcifications in the carotid 
artery may appear as a nodular radiopaque mass, or as two 
vertical radiopaque lines within the walls of the artery, at the 
level of the inferior margin of the third cervical vertebra15 or 
even adjacent, but not contiguous to the third and fourth 
cervical vertebrae. However, in head 01 the bifurcation was 
at the level of the second cervical vertebra (C2), which is very 
rare. In the study conducted by Klosek and Rungruang16 

the majority of carotid bifurcations were found at the level 
of C3, between C3 and C4, and vertebra C4, and a trend 

towards the more inferior position in men was also noted. 
In this study, the larger portion of carotid bifurcations were 
found at the level of vertebrae C3 and C4, but two cases 
of high carotid bifurcation at the level of vertebrae C2 and 
C3 were noted unilaterally, corresponding to 2.7% of all 
the carotid bifurcations, which could be explained by the 
embryology of the internal carotid artery from the second 
aortic arch17.The incidence of this variation is rare, around 
1%18. In the studies of Anu et al.19 the carotid bifurcation 
was found at the level of C2 in 10% of cases and only in 
1% was it at the level of C5.  

With regard to the second question, even 
the percentage of affirmative answers of 95.55% by 
the examiners about the help of lateral and frontal 
teleradiographs with differential diagnosis of calcifications, 
the correct answers corresponded to intraclass correlation 
coefficients (ICC) below 0.40. The ICC could be classified 
for the clinical level of significance as poor < 0.405.

The few correct answers related to head 1 
occurred due to the anatomic variation of this specimen, 
thus confirming that in different biotypes, there are doubts 
about the location of calcification. Moreover, the difficulty 
of answering correctly about the insertion of (Rr) can be 
justified, because they were always positioned seeking the 
same level of the carotid artery bifurcation.

CONCLUSION

The normal and frontal teleradiographs did not 
contribute effectively to the identification and location 
of radiopacities in the cervical region. The anatomic 
conformation interferes in the observation of the presence 
of radiopacity in the cervical region.
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