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ABSTRACT 

 

Aim of study: To evaluate the efficiency of ultrasound with color Doppler ultrasound in differential diagnosis of 

periapical lesions. 

 

Subjects Material and Methods: Twenty six  patients aged between 8-40 years classified as age groups: Group 1 from 

8-18  years, Group 2 from  19-29 years, Group 3 from   30- 40 years and  with periapical lesion in maxillary and 

mandibular anterior teeth and premolars diagnosed by their clinical sign and symptoms and radiographic findings who 

attended to the maxillofacial unit in al Al Jamhori Teaching Hospital and Specialist Center of Dentistry/Right in Mosul 

city were include in this study.Ultrasonographic examinations were performed and, according to the ultrasonography 

findings, lesions were classified into four groups: granuloma,radicular cyst, abscess and phoenix abscess. Additionally, 

color Doppler ultrasonography examinations were performed to evaluate blood flow in all patients. After the 

ultrasonography examination, the patients underwent surgical treatment. The correlation between ultrasonography and 

Doppler ultrasonography findings of the lesions and histological findings was investigated. 

 

Result: In all cases it was possible to  differentiate between cyst , abscess granuloma and granuloma with acute 

exacerbation(phoenix abscess) by using ultrasound with color Doppler ultrasound and  it was also possible to measure 

the lesions, to evaluate their content and to evaluate  their vascularization in the anterior part of the upper and lower 

jaws and premolars teeth. A accuracy percentage, sensitivity percentage and specificity percentage for each type of 

periapical lesion also determined. 

 

Conclusion: Ultrasound as a reliable diagnostic technique for differentiating periapical lesions.  
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INTRODUCTION 

 

Periapical lesions are the most common pathologic conditions that develop in the root tip of a non-vital tooth. These 

lesions are infectiousand exhibit a difference in clinical and radiographic manifestations
1;2;3 

A proximity 90% of the periapical inflammatory lesions, clinically and radiologically diagnosed are belong to the 

groups of periapical granuloma, periapical cyst and periapical abscess. Nevertheless, a range of other lesions caused by 

developmental, metabolic, odontogenic or neoplastic disorders that greatly similar the inflammatory processes on 

radiographs can be demonstrate in the periapical region
2 

The periapical lesions are usually asymptomatic and are discovered during routine radiographic examination, 

sometimes after having become quite large.Histopathological categories of periapical lesion referred to as apical 

periodontitis
4,5,6,7 

 

Apical periodontitis represents as an inflammatory immune response of periradicular tissues to the progression of 

microorganism from an infected root canal space to the periapical area that lead to demineralization of bone and bone 

resorption
8;9;10;11;12 

It is a multifactorial inflammatory disease that is resultant of the interaction of numerous host inflammatory cells and 

bacterial factors
13 

Bacteria, their metabolic products and debris of infected pulp tissues remaining in lateral canals , dentinal tubules or 

gaps between the root canal and root filling materials consider the major ethological factors of apical periodontitis
14. 
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Virus regard as one of etiological agents that participated in the pathogenesis of apical periodontitis and currently use 

of polymerase chain reaction method to detect herpes viruses in periradicular lesions has suggested that some herpes 

viruses, particularly  human cytomegalovirus (HCMV) and Epstein-Barr virus (EBV) can contribute in the 

pathogenesis of the apical periodontitis
15;16;17;18;19;20 

Ultrasonography’’ means imaging with ultrasound; ‘‘ultra’’ means beyond or  in excess; ‘‘sound’’ means audible 

sound energy so the term of sonography means the form of sound energy beyond audible range
21;22

 

Ultrasound real time imaging has numerous application in several diagnostic fields of medicine. It is relies on the 

phenomenon of reflection of ultrasound waves (echoes) at the interface between two tissues that have different acoustic 

impedance
23 

The phenomenon of ultrasound occur as a result  of periodic change in the pressure of air against the eardrum. The 

periodicity of these changes positioned  between 1500 and 20,000Hz, more precisely ultrasound has a periodicity 

greater than 20 kHz, greater than the audible range. The clinical application of ultrasound uses vibratory frequency in 

the range of 1-20MHz
24 

Scanner used for sonography produce electrical impulse that are change into ultra-high frequency sound wave by a 

transducer  that can change  the electrical energy into sonic energy
28 

Piezoelectric crystal of transducer is  made up of huge number of dipoles arranged in a geometric pattern. A dipole may 

be thought of as  a distorted molecule that appear to have a positive charge on one end and negative charge on the 

other. The electrical impulse produce by the scanner cause the dipoles in the crystal to arrange themselves with the  

electrical field and thus cause sudden  change in the crystal
'
s thickness. This suddenly change starts a series of vibration 

that are transmit into the tissue being investigated
24

 

 

As ultrasound energy is pass through tissue  is attenuated by combination of reflection, scattering, refraction and 

absorption, some of the reflected ultrasound returns to the probe to be converted back to electrical energy. This 

electrical information is processed by the system’s computer to ultimately produce the sonographical image
29 

By measuring reflected waves(echoes), it is possible to determine the objects’ size, shape and nature. The image is 

produced relied on the amplitude (loudness), frequency (pitch) and time it takes for the ultrasound signal to return from 

the area of the patient being examined to the transducer, as well as the composition of body tissue through which and 

the kind of body structure the sound travels through. Data are shown as two dimension vector of pixels (picture 

elements) whose intensity is represented on a grey-scale: position and grey value correspond to echo source and 

amplitude
26 

Recent techniques allow  echoes to be processed at a sufficiently rapid rate to permit perception of motion; this 

technique is known as  real time imaging
24 

Doppler ultrasound are non invasive technique that can be utilize to examine movement and particularly evaluate blood 

flow in arteries and veins, it also can be employed to supply information considering the perfusion of blood flow in 

organ or inside the area of interest
25

 

The movement of blood cells causes a change in pitch of the reflected sound waves (called the Doppler effect). A 

computer collects and processes the sounds and creates graphs or color pictures that represent the flow of blood through 

the blood vessels
26 

Cotti et al., in 2003 proposed that ultrasound may help to make a differential diagnosis between cysts and granulomas 

by revealing the nature of the content of a bony lesion
27

 

 

MATERIAL AND METHODS 

 

Twentysix patients aged between 8-40 years classified as age groups: Group 1 from 8-18  years, Group 2 from  19-29 

years, Group 3 from   30- 40 years and  with periapical lesion in maxillary and mandibular anterior teeth and premolars 

diagnosed by their clinical sign and symptoms and radiographic findings who attended to the maxillofacial unit in Al 

Jamhori Teaching Hospital and Specialist Center of Dentistry/Right bank in Mosul city were include in this study.  

Informed consent was taken from all the patients before their inclusion in the study. A special patients record sheet was 

formulae to record  the history, clinical examination, radiographic findings, ultrasound examination and 

histopathological examination. 

 

Conventional Periapical Film Radiographic Examination: 

 

The periapical radiograph for all twenty six  patients had taken  by bisecting angle technique. Dental x-ray unit 

(68kVp,8Ma, 2 mm filtration) and Kodak E –speed used to take the periapical radiograph. This  technique involve that 

the appropriate sized film packet(size 2), is positioned and orientated in the mouth with about 2 mm extending beyond 

the incisal or occlusal edges, to ensure that all of the tooth will appear on the film. The patient is then asked to gently 

support the film packet using either an index finger or thumb  keeping the film as close to the teeth as possible. The 

central x- ray beam is directed perpendicular to the imaginary bisector that bisects the angle formed by long axis of the 

tooth and the film. The  imaginary bisectors creates two equal angles and provides a common side for the two 

imaginary equal triangles, the two imaginary triangles are right angles and are congruent. The conventional radiographs 
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were then processed automatically  in fresh chemicals, the radiographs were viewed and evaluated on a viewing box 

under normal operating illumination and the surgeon specialist in maxillofacial unit  were asked  to make a detailed 

description of periapical lesion. 

 

Ultrasound Examination 

 

An ultrasound examination was then performed using the diagnostic ultrasound machine, H D11 XE (Philips Medical 

System, Japan), with color Doppler function, incorporating a high definition, multifrequency, 40 mm linear foot print, 

ultrasonic Probe operating at a frequency of 3-12 MHz . The ultrasound probe covered with a layer of ultrasound 

gel(ultrasonic transmission gel. Larser poortweg 26.8218 NK Leiystad). The probe was positioned outside the mouth 

on the skin overlying the periapical area. The probe position was changed several times in order to obtain an adequate 

number of transverse scans (axial plane) to define the bony defect. Longitudinal scans (sagittal plane) were also 

obtained. Where possible, the ultrasound probe was also positioned intraorally in the buccal sulcus overlying the apical 

area of the infected tooth. Transverse and longitudinal scans were obtained.  

 

However, in some patients, intraoral scanning was not possible because the vestibule was too shallow. The thin anterior 

buccal bone and possible fenestration allowed ultrasound images to be obtained in all cases and the echo characteristics 

(hypoechoic/anechoic) of the apical lesions to be determined. Color Doppler was applied to each examination to detect 

blood flow. 

 

 

 
 

 

Figure(1): Ultrasound examination of maxillary incisors; A: longitudinal scan; B: transverse scan 

 

The images of each lesion were analyzed by an expert ultrasonographer. A tentative differential diagnosis was agreed 

upon, based on the following principles: 

  

Cystic lesion: a anechoic well-contoured cavity  surrounded by reinforced bone walls, filled with fluid and with no 

evidence of internal vascularization on color Doppler examination 

 

 
Figure (2): Demonstrated of radicular cyst 

 

Periapicalabscess predominantly hypoechoic area with focal anechoic area(heterogeneous echogenicity, light grayish), 

showing vascularity in some areas on color Doppler examination. 
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Figure(3): Ultrasound image of periapical abscess  

 

Granuloma , a poorly defined hypoechoic area, showing rich vascular supply on color Doppler examination 

 

 
Figure(4): Ultrasound images of periapical granuloma 

 

Phoenix Abscess(Acute Exacerbation of Chronic Periapical Granulom): Ill defined hypoechoic area with internal 

echoes and with rich  internal vasculaization on color Doppler ultrasound 

 

 
Figure(5): Ultrasound image of phoenix abscess  

 

Surgical Operation and Histopathological Examination 

 

Surgical operation were made to all the patients and biopsies were obtained from the periapical areas. After fixation in 

10% buffered formalin, the twenty surgical specimens were processed for routine histopathological examination.  

 

RESULTS 

 

Six  cases show well defined anechoic area with reinforced bony walls and on color Doppler ultrasound  shows no 

internal vascularization , these lesions diagnosed as radicular cyst. 

Four cases show ill defined hypoechoic area with internal echoes and with internal vascularization on color Doppler 

ultrasound these lesion indicated granuloma with acute exacerbation  (phoenix abscess). 

One case  shows ill  defined hypoechoic area  and with no vascularization on color Doppler ultrasound which is 

granuloma with fluid filled cavity inside. 

Eight from 12 to 19 cases show ill defined hypoechoic area with vascularization on color Doppler ultrasound which 

indicated granuloma, one of these case  show areas of extensive destruction of the architectural picture of the 

granulation tissue which is referred histologically as “ulceration. 
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In case twenty the echographist  successfully described the lesion as periapical abscess with no vascularization on color 

Doppler ultrasound although histopathological report proved granuloma this may be due  to blood collection following 

trauma just few hours before echogrphic examination or due to pus collection at acutely periapical lesions. 

 

Five lesions show well defined hypoecheoic area with focal anaechoic area with evidence of bony wall echo structure 

of these lesion shows heterogeneous echeogenicity(light grayish) and without or trace vascularization on color Doppler 

ultrasound this lesion describe as periapical abscess. 

 

In the case sixty two the  periapical lesion appears in a ultrasound as hypoecheoic area with internal echoes which 

indicated as phoenix abscess, while histopathological report reveal as a granuloma this may be due to the date of 

operation and access opening is done for the patient to relive the pain of the patients  and loss of abscess occurs before 

operationsurgery. 

 

Histopathologic Reports 

 

The results from the histopathological examination confirmed the echographic observations, in six lesions  diagnosed 

as cystic lesions and showed the presence of a cavity lined with stratified squamous epithelium. Within the lumen of 

the cavity, necrotic debris and numerous impressions from cholesterol crystals were seen in two cysts while the other 

four cysts were with empty lumen which may be due to improper section preparation or loss of fluid during the 

histopathological reports on four lesions diagnosed as granuloma with acute exacerbations shows collection of 

granulation tissues with infiltrate of macrophage, netrophile and some of pus cell in addition  to the tissue necrosis and 

derbies. 

 

The histopathological reports of case number eleven with periapical cyst shows vascularization  granulation tissues 

with infiltrate by netrophilis, macrophage with no evidence of stratified squemus epithelium lining. 

 

The histopathologic reports on eight lesions consistently described a typical granulomatous appearance: connective 

tissue with widespread areas of polymorphs, lymphocytes, monocytes and newly formed blood vessels. 

 

In five cases from 21 to 25 the morphological signs of a high level of inflammatory activity made it possible to 

establish the diagnosis ‘‘periapical abscess’’. Histological sections revealed the central necrotic area consisting of 

clusters of aged, exposed, causing break down polymorphonuclear cells and vital leucocytes. The outer fibrous 

connective tissue with groups of proliferating endothelial cells was infiltrated by the cells of acute (neutrophils) and 

chronic (lymphocytes, macrophages, plasma cells) inflammation and cholesterol crystals.  

 

 

 

 

 

 

 

 

  

Ultrasound result Histopathological result Case number 

Radicular cyst Radicular cyst 1 

Radicular cyst Radicular cyst 2 

Radicular cyst Radicular cyst 3 

Radicular cyst Radicular cyst 4 

Radicular cyst Radicular cyst 5 

Radicular cyst Radicular cyst 6 

Phoenix abscess Phoenix abscess 7 

Phoenix abscess Phoenix abscess 8 

Phoenix abscess Phoenix abscess 9 

Phoenix abscess Phoenix abscess 10 

Granuloma Granuloma with fluid filled 

cavity 
11 

Granuloma Granuloma 12 

Granuloma Granuloma 13 
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Table(1): The  result of ultrasound with histopathological examination 

 

 

DISCUSSION 

 

Apical periodontitis is induced by prolonged exposure of periapical tissues to microbial agents derived from the 

infected root canal
30. 

 

In the present study, the potential of ultrasound imaging and color Doppler ultrasound to describe the different content 

of periapical lesions and their vascularization was evaluated. The results obtained on twenty six lesions showed that 

there was a definite correlation between the echostructures of a lesion, its vascular supply and the nature of the lesion: 

cystic lesion, abscess, phoenix abscess and granuloma and this results  agree with the result ofCotti et al,.2002; Cotti et 

al,.2003; Gundappa et al,.2006
31; 27; 23

 

Our study proved that ultrasound can give excellent result if there is bone perforation and this results are compatible 

with the results of Tikku et al.,2010,whom  show that the use of ultrasound dose have some limitation , ultrasound with 

color Doppler cannot penetrate and thus  confirm the presence of preriapical lesion unless there is a breach or 

perforation in buccal bone plate
32

 

 

Lauria et al,1996, demonstrated that color and power Doppler ultrasound can provide information about the presence of 

blood flow within or around the examined tissue
33

.This results consistent with may results. However, the presence of 

intact and thick vestibular cortical bone, the occurrence of infected cysts and solid areas within cystic lesions can cause 

pitfalls in the interpretation of ultrasonograms  and this  again consistent  with our results.  

Our study demonstrate that radicular cyst appear as anechoic area with no internal vascularization on color Doppler 

ultrasound only in some cases the radicular cyst appears as anechoic with internal echoes and with internal 

vascularization on color Doppler ultrasound  and this explained as complicated cyst (cyst with inflammation) and this 

results harmonize with the results Lauria et al,1996;   Sumer et al.,2009  and Chandak et al 2011
33; 34; 35

. This  unusual 

observation was explained with presence of a very thick periodontal capsule . 

Granuloma Granulomas 14 

Granuloma Granuloma 15 

Granuloma Granuloma 16 

Granuloma Granuloma 17 

Granuloma Granuloma 18 

Granuloma Granuloma 19 

Abscess Granuloma 20 

Abscess Abscess 21 

Abscess Abscess 22 

Abscess Abscess 23 

Abscess Abscess 24 

Abscess Abscess 25 

Phoenix abscess Granuloma 26 

NPV(%) PPV(%) Accuracy(%) Specificity(%) Sensitivity(%) F

N 

F

P 

T

N 

T

P 

Groups 

 

95 100 96.15384615 100 85.71428571 1 0 1

9 

6 Radicular 

cyst 

95.2380952 80 92.30769231 95.23809524 80 1 1 2

0 

5 Abscess 

86.6666667 72.727273 80.76923077 81.25 80 2 3 1

3 

1

1 

Granulo-

ma 

95.454545 75 92.30769231 95.45454545 75 1 1 2

1 

4 Phoenix 

abscess 
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In the present study the results showed that the diagnosis of periapical granuloma were consistent with the biopsy 

report, and appears as ill defined hypoechoeic area with  internal vasculization on color Doppler ultrasound this results 

are similar to the result conduct by Sumer et al.,2009,who observed that twenty twolesions examined, the result showed 

that the diagnosis of periapical granuloma were consistent with the biopsy report
34

.  

In our study we conclude that the diagnosis of granuloma less precise because of small size of lesion and ill defined 

hypoechoeic area  and this result is  in accordance with the results of Basrani, 2012, who concluded that the ultrasound 

diagnosis of periapical cyst is less precise and depends mostly on the type of the cyst and thickness of capsule
36

. 

Our study established that the diagnosis of cyst with the presence of a cavity partially or completely lined by 

epithelium; if the lesion was made up of granulation tissue with epithelial proliferation, but without cavitations, it was 

diagnosed as granuloma, the results are similar to the study conducted byNobuhara and Del Rio
37 

 

In this study we indicated that the ultrasound images displayed lesions with solid content and a rich internal and 

external vascularity were described as infected granulomas or phoenix abscess which is granuloma with acute 

exacerbation and this results are harmonize with results of Cotti et al,.2003
27

. 

 

The diagnostic accuracy percentage for radicular cyst in relation to the histopathological result  is 96% while the 

diagnostic accuracy percentage for abscess in relation to the histopathological result is 92% the accuracy percentage for 

granuloma in relation to the histopathological result is 80% this may be due  that granuloma appears as ill defined  

hypoechic lesion some time miss diagnosed as abscess or phoenix abscess,  these findings were consistent with the 

studies of Cotti et al.,2002; Cotti et al.,2003 and Gundappa et al.,2006
31; 27; 23 

 

CONCLUSION 

 

Ultrasound real time imaging as a reliable diagnostic technique for differentiating periapical lesions, i.e. periapical 

cysts and granulomas, abscess and phoenix  abscess based on the echotexture of their contents and the presence of 

vascularity using color Doppler in the anterior and posterior,upper and lower  part of the mouth. Even sinus tracts and 

cystic lesions with complications, i.e. infected cyst can be detected. 
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