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ABSTRACT

Background: Imaging techniques play a very important role in the specialty of endodontic. The ultrasonographic
technique is non-expensive procedure, safe, and reproducible. The aim of the study was to determine the sensitivity,
specificity, and accuracy of ultrasound and color Doppler ultrasonography in evaluation of periapical lesions (cyst,
granuloma, mixed lesion “cyst within graulomas mass”, and abscess.

Subject, Material and method: The sample consists of prospective study for 64 Iraqgi participants who attended
Karbalaa Specialized Center for Dentistry (males & females).

Those patients were diagnosed clinically and radiographically as having periapical lesions of dental origin. They were
examined by real time ultrasound and color Doppler ultrasonography with echographic predilection about the type
of the lesion based on three parameters measured by ultrasound including: content, outline, and the vascularity. The
echographic diagnosis was compared to the final histopathological and /or surgical findings obtained from the
periapical surgeries.

Results: The sensitivity, specificity and accuracy of ultrasound diagnosis were respectively as follow: for periapical
cyst, they were 92.3%, 96.1%, and 95.3%. While for periapical granulomam, they were 87.0%, 92.7%, and 90.6%. For
mixed lesions, they were 66.7%, 98.4%, and 96.9% and lastly for periapical abscess, they were 92.0%, 97.4%, and 95.3%.
The ultrasound diagnosis in our study had an overall agreement of 89% between ultrasound diagnosis and final
diagnosis based on histopathological and/ or surgical findings.

Conclusion: Ultrasound is a non- invasive, low cost, and complementary method for examination and diagnosis of
periapical lesions and there is correlation of ultrasonographic findings with histopathological and /or surgical findings
for final diagnosis.
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INTRODUCTION Magnetic resonance imaging (MRI) is useful

Periapical lesions resulting from necrotic in the diggnosjs, but it is not practical_ ir_l _the
dental pulp are among the most frequently der!tal' field. Ultrasound has no ionizing
occurring pathologies found in the alveolar bone, rediation, no known harmful effects at the

exposure of the dental pulp to bacteria and their energies and doses used, in addition the
by-products, acting as antigens, may €licit non El%():hnlque is widely available and inexpensive

specific inflammatory responses as well as

specific  immunological reactions in  the
raician s caso o romaion s MATERIALSAND METHODS
periapical lesion . Radiology is the first, but (males and females) with periapical lesions

gf:rgfggﬁ'smﬁzd u?;g ;ﬂs'der(‘i'LV mt(r:?i-n?Cnald referred for treatment to Kerbalaa Specialized

o ‘ Centre between September 2011 and April 2012.
examination and radiographs alone cannot .
differentiate between cystic and non cystic Their age ranged_ bet_ween (15-60) years old. The
lesions. Being able to distinguish between the “'”3:'9‘?“”0' examination was performed by_ using
two may be of importance in predicting treatment a Ph|||ps of HI 11 XE uItr_asound system with 7.5
failure ®, and it is very important to accurately MHz linear array probe in (Al-Hussain general

. o : hospital). The parameters measured by
:j;ragnosﬁa;h; pe(r)::apl EZIOILI&:;IZS aggcjrrcelr?g: a(rg ultrasound were as shown in figures (1, 2, 3, and
. . 4):
Computerized tomography (CT) can be used to . . .
makga differential g:gnc))/si(s be)tween cystic and 1- Texture of the lesion: the interpretation of
non cysticl&ionsa’s) grey values on an image is based on a
Unfortunately, routine use of CT is associated qL_JaIititative comparison .Of the echo intgnsity
with high dosage of radiation, even though dose with that of normal tissue. Hypoechoic o

reduction methods have been established © transonic is an area with low echo intensity;

. — anechoic is an area where no reflection occurs (i.
(1) Master Student, Department of Ora Diagnosis, College of . . . LN
Dentistry, University of Baghdad. e. any area filled with fluid), and _hyplelrechow is
(2) Assistant Professor, Department of Oral Diagnosis, College an areawhich has high echo intensity V.

of Dentistry, University of Baghdad.
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2- Vascularity: by the color power Doppler,
the vascularization within the lesion can be seen.
A differential diagnosis between cystic lesion
and granuloma may be done based on the
following principles: cystic lesion is a transonic,
well defined cavity filled with fluid and with no
evidence of internal vascularization at the color
power Doppler, while the granuloma is a distinct
lesion shows hyperechoic texture and internal
vascularization with out well defined contour.

3- The margin of the lesion: if it is regular or
irregular.

Figure 1: Ultrasound of periapical cyst show
hypoechoic texture, well defined margin and
reinforced bone

Figure 2: Uultrasound of periapical
granuloma show hyperechoic texture and
vascularization (blue and red spots)

Figure 3: Ultrasound of mixed periapical
cyst/granuloma show hypoechoic and
avascular center with hyperechoic and

vascular periphery
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Figure 4: Ultrasound of periapical abscess
show irregular margin and hypoechoic
texture

Statistical dataanalysis

OR (odds ratio) to measure the strength of
association between 2 categorical variables, such
as the presence of certain US criteria and having
a specific fina diagnosis, the odds ratio (OR)
was used. For example OR for the association
between having a hypoechoic texture and having
a final diagnosis of periapical cyst, egquals the
ratio of the odds of having the specific US
criteria versus lacking it among cyst cases to the
similar odds among non-cyst cases.

Having periapical
cyst
+| - A
orR =B -AD
Presence of specific US|+|A|B % BC
criteria clo

Sengitivity isthe conditional probability that a
diseased person has a positive result.

Specificity is the conditional probability that
a disease-free person has a negative test result.

Positive Predictive Vaue (PPV) is the
conditional probability that a person with a
positive test result is truly diseased.

Negative predictive value (NPV) is the
conditional probability that a person with a
negative test result istruly free of the disease.

Accuracy (percent agreement) is the
proportion of true results among all test results
(positive and negative) (12)

RESULTS

Asshown in table (1):

The US diagnosis had an overall accuracy
(agreement) of 89% with the final diagnosis. The
US diagnosis was most accurate in periapical
abscess (highest agreement) and least accurate
for mixed lesion (lowest agreement).
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Asshown in table (2):

Three US criteria, namely: hypoechoic texture,
avascular pattern, and well defined margin were
tested for their strength of association in
predicting a final diagnosis of periapical cyst
(PAC). The presence of awell defined margin on

US was the strongest criteria among the three
tested. It increased the risk of having PAC by
294 times. Coming second in importance was
hypoechoic texture, which increased the risk of
positive diagnosis of PAC by 69.8 times.
Avascular pattern ranked third in importance. It
increased the risk of having PAC by 24.1%. All
the three tested US characteristics had a
statistically significant association with diagnosis
of PAC
Asshown in table (3)

The US criteria, namely: hyperechoic texture,
vascular pattern, and the absence of well defined
margin  were tested for ther strength of
association in predicting a fina diagnosis of
perigpica granuloma (PAG). The vascular
pattern on color Doppler US was the strongest
criteria among the three tested. A positive
vascular pattern increased the risk of having
PAG by 266.7 times. Coming second in
importance was hyperechoic texture, which
increased the risk of positive diagnosis of PAG
by 84.4 times. The absence of well defined
margin on US was the least important among the
three. The vascular pattern and hyperechoic
texture on US had a dstatisticaly significant
association with diagnosis of PAG, while the
irregularity of the lesion margin did not have
statistical association with the diagnosis of PAG.
Asshown in table (4):

Four US criteria, namely: hypoechoic texture,
anechoic texture, avascular pattern, and the
absence of well defined margin were tested for
their strength of association in predicting a find
diagnosis of PAA. The avascular pattern was the
strongest criteria among the four tested, this
increased the risk of having PAA by 80.6 times.
Coming second in importance was the anechoic
texture which increased the risk of having PAA
by 62.7 times. The absence of well defined
margin ranked third in importance that it
increased the risk of having PAA by 29.0, while
the hypoechoic texture did not have statistical
association with the diagnosis of PAA.

Asshown in table (5)
Three US criteria, namely: mixed texture

(hypoechoic center and hyperechoic periphery),
mixed vascularity (avascular center and vascular
periphery) and the absence of well defined
margin  were tested for ther strength of
association in predicting a fina diagnosis of
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mixed lesion. The mixed texture and mixed
vasculariy increased the risk of having mixed
lesion by 120 times, while the absence of well
defined margin @ did not have dStatistical
association with the diagnosis of periapical
mixed lesion.

As shown in table (6):

For periapica cyst (PAC):

Two US criteria had a perfect sensitivity
(100%).These criteria are hypoechoic texture and
avascular pattern which are most useful when
being negative since it can exclude possible
presence of PAC with 100% confidence
(negative predictive vaue).

The most specific US criterion was a well
defined margin 96.1%.

A well defined margin was also the criterion
associated with highest accuracy (95.3%).

An US diagnosis of PAC had an overall accuracy
of 95.3%, sensitivity of 92.3%, and a specificity
of 96.1%.

Asshown in table (7):

For periapical granuloma (PAG):

The most sensitive US criteria was the absence
of well defined margin 91.3% which is most
useful when being negative since it can exclude
the possibility of being PAG with 96.8%
confidence(negative pretest probability).

The most specific US criterion was the vascular
pattern 97.6.

The vascular pattern was also the criterion
associated with highest accuracy (93.8%).

An US diagnosis of PAG had an overall accuracy
of 90.6%, sensitivity of 87% and specificity of
92.7%.

Asshown in table (8):

For periapical abscess (PAA):

1 Two US criteria had a perfect sensitivity
(100%6).These criteria are the absence of well
defined margin and the avascular pattern which
are most useful when being negative since it can
exclude possible presence of PAA with 100%
confidence (negative predictive value).

2. The most specific US criterion was the
anechoic texture (100%).

3. The anechoic texture was the criterion
associated with highest accuracy (78.1%).

4. An US diagnosis of PAA had an overall
accuracy of 95.3%, sensitivity of 92% and
specificity of 97.4%.

Asshown in table (9):

For periapical mixed lesions:

The most sensitive US criteria was the absence
of well defined margin 100% which is most
useful when being negative since it can exclude
the possibility of being mixed PAL with 100%
confidence (negative pretest probability).
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Two US criteria were the most specific. These
criteria were the mixed texture and mixed
vascularity, each criterion had specificity of
98.4%.

The mixed texture and mixed vascularity were
the criteria associated with highest accuracy
(96.9%).

An US diagnosis of mixed PAL had an overall
accuracy of 96.9%, senstivity of 66.7% and
specificity of 98.4%.

DISCUSSION

Ultrasound is easy, reproducible, and the
equipment is relatively cheap compared to the
other advanced imaging modalities. The images
obtained are easy to read once the observer is
trained. By obtaining a real time image, a
working diagnosis can be made without delay
and it also prevents unnecessary exposure of the
patient to ionizing radiation ® . From a
biological standpoint , in experimental and
clinical studies, no adverse effect of US waves
have been shown to occur in the tissues as a
consequence of echographic examination, and
even if the effect of repeated echographic
examination is less certain, the risks entailed by
radiography are much greater 19 The
possibility of identifying lesion content before
any surgical procedure can be obtained by using
US examination, using the higher frequency (7.5
MHz) in the technique to increase the signals
penetration of the lesion “”. The current study
used sample size (n=64) and a clear methodol ogy
relating the US diagnostic criteria to final
diagnosis obtained by histopathology and / or
surgical assessment. Allowing for an accurate
reporting of validity parameters of each US
criteria, making the US as an excellent guide for
the surgeon. In the present study four
pathologica types of PAL were identified. The
most commonly identified lesion was PAA in
two fifth of the sample (39.1%) followed by
PAG in more than one third (35.9%). Ranked
third in frequency was PAC reported in one fifth
(20.3%) of the sample. A rare finding was a
mixture of periapical cyst and granuloma in only
4.7% of the sample. The US diagnosis in our
study had an overall agreement of 89% with the
final diagnosis based on histopathological and /or
surgical evauation. The agreement was higher
for PAA (95.8%) compared to PAC and PAG
(85.7% and 87.0% respectively). Dib et a in
1996 in their study on a sample of 72 patients
with intraosseous lesions of the jaws reported an
overal agreement of US ranging between 92.3%
for lesions with solid content, 73.9% for lesions
with liquid content, 92.8% for lesions with mixed
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content, and 7.7% for lesions with dense liquid

content. Other pioneer studies based on very

small sample size reached to a conclusion that

US in combination with color Doppler were

sensitive and very useful in differentiating

between PAC and PAG and correlated well with
the histological findings of the PALS; however
no validity parameters were reported because of

the small sample size (161819,

The conclusions that can be drawn from this
study are:

1. This study supported the fact that real time
imaging ultrasound as a new imaging
technique that can be used in endodontic field
for the study of periapical lesions.

2. US is a good diagnostic tool for
differentiation of PALs (cyst, granuloma,
abscess, and cystic cavity within granuloma)

based on ultrasonic selected  criteria
including; echo content, vascularity, and
lesion margin.

3. US was highly sensitive in the diagnosis of
PAC (92.3%), followed by PAA (92.0%),
then PAG (87.0%), while the sensitivity of
US diagnosis of mixed PAL was relatively
moderate (66.7%).

4. US was highly specific in the diagnosis of
mixed PAL (98.4%), followed by PAA
(97.4%), then PAC (96.1%), and lastly the
specificity of US diagnosis of PAG was
92.7%.

5. The US diagnosis in our study had an overall
agreement of 89% with the final diagnosis
based on histopathological and /or surgica
evaluation. The agreement was higher for
PAA (95.8%) compared to PAC (85.7%) and
PAG (87.0%), and it was less for mixed
cyst/granuloma periapical lesions (66.7%).

6. The strength of association (OR) was greater
in PAA (437.0) followed by in PAC (294.0)
then in mixed PAL (120) and lastly in PAG
(84.4).

REFERENCES

1. Liapatas S, Nakou M, Rontogianni D. Inflammatory
infiltrate of chronic periradicular lesions. an
immunohistochemical study. Int Endod J 2003;
36(7):464-71.

2. Ricucci D, Mannocci F, Ford TR. A study of
periapical lesions correlating the presence of a
radiopague lamina with histological findings. Oral
Surg Oral Med Oral Pathol Oral Radiol Endod 2006;
101(3): 389-94.

3. Underhill TE, Katz JO, Pope TL et a. Radiologic
findings of diseases involving the maxilla and
mandible. AJR 1992; 159:345-50.

4. Weber AL. Imaging of cysts and odontogenic tumors
of the jaw: Definition and classification. Radiol Clin
North Amer 1993; 31:101-12.



J Bagh College Dentistry

10.

11.

12.

Nair R. New perspective on radicular cyst: do they
heal? Intern Endod J 1998; 31, 155-60.

Shah N, Sarkar C. Plasmacytoma of anterior maxilla
mimicking periapical cyst. Endod Dent Traumatol
1992; 8:39-41.

Trope M, Pettigrew J, Petras J, Barnett F, Tronstad L.
Differentiation of radicular cysts and granulomas
using computerized tomography. Endodontics and
dental traumatology 1989; 5: 69-72.

Cotti E, Vargiu P, Dettori, Malarini G.
Computerized tomography in the management and
follow-up of extensive periapical lesion. Endod Dent
Traumatol 1999; 15:186

Dula K, Mini R, Van der Stelt PF, Lambrecht JT,
Schneeberger P, Buser D. Hypothetical mortality risk
associated with spiral computed tomography of the
maxilla and mandible. European J Ora Sciences
1996; 104: 503-10.

Whaites E. Essentials of Dental Radiography and
Radiology. 3" ed. Edinburg: Elsevier Science limited
Chirchil livingstone; 2003.

Auer LM, Van Vethoven V. Intraoperative
Ultrasound Imaging in Neurosurgery. Berlin:
Springer-Verlag. 1990. pp.1-11.

Sorlie DE. Medical biostatistics and epidemiology:
Examination and Board review. 1% ed. Norwalk,
Connecticut, Appleton and Lange: 1995, 47-88.

Vol. 25(Special Issue 1), June 2013

13.

14.

15.
16.

17.

18.

19.

Thevalue of ultrasound

Agarwal V, Logani A, Shah N. The evauation of
Computed Tomography Scans and Ultrasounds in the
Differential Diagnosis of Periapical Lesions. J Endod
2008; 34:1312-5.

Liebeskind D, Koenisherg M, Koss L, Raventos C.
Morphological changes in the surface characteristics
of cultured cells after exposure to diagnostic
ultrasound Radiology 1981; 138,419-23.

Martin AO. Can ultrasound cause genetic damage? J
Clinical Ultrasound 1984; 12: 11-20.

Cotti E, Campisi G, Ambu R, Dettori C. Ultrasound
real time imaging in the differential diagnosis of
periapical lesions. Int Endod J 2003; 36:556-63.

Dib LL, Chammas MC, Torloni H. Ultrasonography
evaluation of bone lesions of the jaw. Oral surgery
Oral medicine Oral pathology 1996; 82: 3:351-7.
Cotti E, Campis G, Garau V, Puddu G. Anew
technique for the study of periapical lesions:
ultrasound real time imaging. Intern Endod J 2002;
35: 148-152.

Cotti E, Simbola V, Dettori C, Campis G.
Echographic evaluation of bone lesions of endodontic
origin: report of two cases in the same patient. JOE
2006; 32(9): 901-905.

Table 1: Agreement between US and final diagnosis

Final diagnosis
Periapical Periapical Periapical Mixed periapical Cyst
Total
granuloma cyst abscess Granuloma
H % N % N % N % N| %
U/S diagnosis
Periapical granuloma 20 87.0 0 0.0 2 8.7 1 4.3 23/100.0
Periapical cyst 2 14.3 12 | 857 0 0.0 0 0.0 14{100.0
Periapical abscess 0 0.0 1 4.2 23 95.8 0 0.0 24(100.0
Mixed periapical Cyst 1 83 | 0| 00| 0| 00 2 66.7 311000
Granuloma
Per cent agreement = 89%

Table 2: Strength of association between US criteria and positive final diagnosis of PAC

Total |Positive final diagnosis of periapical cyst
N N % OR| P |95% CI of OR

U/Sdiagnosis of periapical cyst

Negative 50 1 2 Ref

Positive 14 12 85.7 294.0{<0.001|(24.6 to 3518.2)

Hypoechoic texture on U/S
Negative 37 0 0 Ref
Positive 27 13 48.1 69.8 |<0.001| (8.410578.8)
Avascular pattern

Negative 24 0 0 Ref

Positive 40 13 325 24.1|0.003| (2.910196.3)
Irregular lesion margin on U/S

Irregular 50 1 2 Ref

Regular 14 12 85.7 294.0/<0.001|(24.6 to 3518.2)
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Table 3: Strength of association between US criteria and positive final diagnosis of PAG

Total Positive final diagnosis of periapical
ranuloma

N N % OR P 95% ClI of OR
U/Sdiagnosis of periapical
granuloma
Negative 41 3 7.3 Ref
Positive 23 20 87 84.4| <0.001 |(15.6t0457.4)
Hyper echoic texture on U/S
Negative 41 3 7.3 Ref
Positive 23 20 87 84.4| <0.001 |(15.6to457.4)
Vascular pattern
Negative 43 3 7 Ref
Positive 21 20 95.2 266.7| <0.001 | (26t02729.8)
Irregular lesion margin on U/S
Regular 14 2 14.3 Ref
Irregular 50 21 42 4.3 |0.072[NS]| (0.9t0215)

Table4: Strength of association between US criteria and positive final diagnosis of PAA

Total |Positive final diagnosis of periapical abscess

N N % OR P 95% CI of OR
U/S diagnosis of periapical abscess
Negative 40 2 5 Ref
Positive 24 23 95.8 437.0] <0.001 |(37.5t05093.1)
Hypoechoic texture on U/S
Negative 37 13 35.1 Ref
Positive 27 12 4.4 1.5 |0.452[NS]| (0.5t04.1)
Anechoic texture on U/S
Negative 53 14 26.4 Ref
Positive 11 11 100 62.7| <0.001 | (7.5t0524.4)
Avascular pattern
Negative 24 0 0 Ref
Positive 40 25 62.5 80.6| <0.001 | (9.9t0654.1)
Irregular lesion margin on U/S
Regular 14 0 0 Ref
Irregular 50 25 50 20.0| 0.002 | (3.6t0235.9)

Table5: Strength of association between US criteria and positive final diagnosis of mixed PAL

Positive final diagnosis of periapical
Total
cyst/granuloma

N N % OR P 95% CI of OR
U/S diagnosis of mixed periapical
cyst/granuloma
Negative 61 1 1.6 Ref
Positive 3 2 66.7 120.0] 0.003 | (5.4to0 2688.8)
Hypoechoic center / hyperechoic
periphery texture on U/S
Negative 61 1 16 Ref
Positive 3 2 66.7 120.0f 0.003 | (5.4to 2688.8)
Avascular center / vascular periphery
Negative 61 1 1.6 Ref
Positive 3 2 66.7 120.0f 0.003 | (5.4to 2688.8)
Irregular lesion margin on U/S
Regular 14 0 0 Ref

(0.2 to

Irregular 50 2.1 |0.511[NS] 20.6)
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Table 6: Validity of UScriteriafor PAC

Thevalue of ultrasound

PPV at pretest probability [NPV at pretest probability
Sensitivity|Specificity[Accuracy 50% 90% 10%
U/S diagnosis of
periapicalcyst
Negative 923 96.1 953 95.9 99.5 99.1
Positive
Hypoechoic texture on U/S
Negative 100 725 711 78.4 97.0 100.0
Positive
Avascular pattern
Negative 100 47.1 57.8 65.4 94.4 100.0
Positive
Irregular lesion margin on U/
S
Irregular 92.3 96.1 95.3 95.9 99.5 99.1
Regular
Table 7: Validity of UScriteriafor PAG
PPV at pretest NPV at pfeteist
probability= probability =
10%
Sensitivity|Specificity|Accur acy 50% 90%
U/S diagnosis of periapical
granuloma
. 98.5
Negative 87 92.7 90.6 92.3 99.1
Positive
Hyper ectoic texture on U/S
Negative 87 92.7 90.6 92.3 99.1 98.5
Positive
Vascular pattern
Negative 87 97.6 93.8 97.3 99.7 98.5
Positive
Irregular lesion margin on U/S
Irregular 91.3 29.3 51.6 564 92.1 96.8
Irregular
Table 8: Validity of UScriteriafor PAA
PPV at pretest| NPV at pretest
probability= |probability = 10%
Sensitivity|Specificity|Accuracy| 50% | 90%
U/S diagnosis of periapical abscess
Negative 92 974 95.3 97.3 | 99.7 99.1
Positive
Hypoechoic texture on U/S
Negative 48 61.5 56.3 555 | 91.8 91.4
Positive
Anechoic texture on U/S
Negative 44 100 78.1 | 100.0 | 100.0 94.1
Positive
Avascular pattern
Negative 100 61.5 76.6 722 | 95.9 100.0
Positive
Irregular lesion margin on U/S
Regular 100 359 60.9 60.9 | 934 100.0
Irregular
Oral Diagnosis 65
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Table 9: Validity of UScriteriafor mixed PAL
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PPV at NPV at
pretest
probability= | Pretest
— 90% probability=
Sensitivity Specificity|Accuracy| 50% 10%
U/S diagnosis of mixedpenapical cyst granuloma
Negative 66.7 9S4 96.9 97.7 | 99.7 96.4
Positive
Hypoechoic center hyperechoic periphery texture on
u/s
Negative 667 98.4 96.9 97.7 | 99.7 96.4
Positive
Avascular center vascular penphery
Negative 66.7 93.4 96.9 97.7 | 99.7 96.1
Positive
Irregular lesion margin on U/S
Regular 100 23 26.6 56.5 | 92.1 100.0
Irregular
Oral Diagnosis 66




