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INTRODUCTION
Endodontic periapical lesions can be defined 
as defensive, hyperplastic, and reactive lesions 
that result from the host's effective attempt to 
prevent the spread of pathogenic bacteria, mi-

crobial products, and toxins from the infected 
root canal into the surrounding tissues (1, 2). Ac-
cording to their histopathologic features, most 
endodontic periapical lesions can be classified 
as periapical granulomas (PGs) or inflamma-

• Preoperative diagnosis of inflammatory radicular cysts is a critical topic, since the histo-
logical nature of periapical endodontic lesions may directly influence the outcome of en-
dodontic treatment.

• Ultrasound can provide preoperative reliable information on the pathological nature of 
periapical endodontic lesions through the echotexture of their contents and the presence 
and features of vascularity.

• Ultrasound can be regarded as a highly accurate and consistent method for inflammatory 
radicular cyst differential diagnosis.

HIGHLIGHTS

This systematic review aimed to assess the accuracy of ultrasonic (US) imaging in the differential diagnosis 
between inflammatory radicular cysts (IRCs) and periapical granulomas (PGs) compared with the histolog-
ical examination as the reference standard. Scopus, Medline (PubMed), and Web of Science were searched 
from inception to April 2024. The Methodological quality was assessed using the QUADAS-2 tool. Thirteen 
cross-sectional studies published between 2003 and 2023 were included in this study. A total sample of 275 
patients (one tooth / per patient) comparing ultrasound test vs. histopathological examination was assessed. 
The summary measures of the US imaging test were: sensitivity= 0.96 [95% CI, 0.93–0.99], specificity= 0.83 
[95% CI, 0.76–0.88], LR+ = 3.498 [95% CI, 2.079–5.885], LR- = 0.091 [95% CI, 0.050–0.164], DOR = 65.848 (95% 
CI, 28.857–150.25) and AUC=0.97 (95% CI, 0.95–1.00). The methodological assessment was variable in all do-
mains and studies. Approximately 90% and 70% of the studies revealed some form of risk of bias concern in 
the domains -flow and timing-, and -reference standard-, respectively. US imaging can be regarded as a highly 
accurate and consistent method for IRC vs. PG differential diagnosis. The echotexture features of periapical 
lesions in US images reflected their histopathological characteristics.
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tory radicular cysts (IRCs). Both PGs and IRCs manifest radio-
graphically as periapical radiolucencies/hypodensities (1, 2). 
Although apical periodontitis (AP) is the clinical/radiographic 
diagnosis for both conditions, PG and IRC differ significantly 
from a histopathologic perspective (1). Consequently, PG and 
IRC might be considered as two different pathological entities 
of the same inflammatory phenomena (1, 2).

PGs are chronic inflammatory lesions, characterized by a signif-
icant infiltration of plasmatic cells, lymphocytes, multinucleat-
ed giant cells, and histiocytes, encapsulated in granulomatous 
tissue (1, 3). IRCs are a direct sequel of PGs. IRCs are defined as a 
pathological cavity lined by a stratified squamous epithelium, 
enclosing fluid, semifluid, or gaseous contents (1, 3, 4). Histo-
logically, IRCs can be classified as "true" or "bay" cysts, depend-
ing on how the cyst cavity relates to the root canal through the 
apical foramen (5). Notably, even though PGs and IRCs are two 
phases from the same immune reaction and are triggered by 
the same antigenic stimulus, not all PGs develop into IRCs (1).

The current reference standard for differential diagnosis (DDX) 
of PG and IRC is the histopathological examination of biopsy 
tissue (1, 6). As PGs can display random outbreaks of stratified 
squamous epithelium, similar to the IRCs, the histopathologi-
cal DDX should be ideally performed utilizing serial or step-se-
rial sectioning of the complete lesion with the apical portion of 
the root adhered to it, to attain the three-dimensional informa-
tion required for differentiating between the IRC and PG (1, 6).

Diagnosis of IRCs is a crucial topic considering IRCs and PGs might 
demand distinct therapeutic approaches, as the histopathologi-
cal features of the lesion influence the outcomes of endodontic 
therapy (1, 7, 8). Some authors have asserted that true IRCs may 
only be predictably managed surgically (1, 9, 10). Accordingly, a 
precise preoperative diagnosis could allow for appropriate thera-
peutic decisions towards performing surgical approaches (1).

Non-invasive approaches including cone beam computed to-
mography (CBCT), ultrasound (US) imaging, and magnetic res-
onance imaging (MRI), have been compared with the histolog-
ical examination in diagnosing the histopathological nature of 
endodontic lesions before intervention. Although encourag-
ing, the findings of these research remain controversial (1).

A recent comprehensive review of the literature summarizing 
the accuracy of non-invasive approaches compared with the 
histological examination, identified the US, as one of the meth-
ods that deliver the most accurate diagnosis of the pathologic 
nature of endodontic lesions (1). Furthermore, MRI is associ-
ated with lengthy scan times, claustrophobia to the gantry, 
inapplicability in certain situations (e.g., paediatric patients, 
metallic implants, or cardiac pacemakers), and high costs. Sim-
ilarly, the drawbacks of CBCT include ionizing radiation and 
ambiguity in the interpretation of greyscale values (11).

US is a real-time, non-invasive, non-ionizing imaging method 
based on the echo and reflection of waves off body structures. 
Differentiating between distinct conditions (PGs/IRCs) is made 
possible by the reflected waves that are captured by a trans-
ducer, based on the differences in tissue density (11).

For the DDX between PGs and IRCs, comprehension of the 
operating characteristics including positive predictive value 
(PPV), negative predictive value (NPV), sensitivity and spec-
ificity of diagnostic methods is essential and could aid the 
healthcare professional in proposing individualised and more 
predictable endodontic therapies based on the histolog-
ical nature of the AP diagnosis (12). The statistical methods, 
necessary to identify the accuracy, as well as the correlation 
between a study's sensitivity and specificity with a summary 
receiver operating characteristic curve (SROC-curve), were 
previously published (2015) (13, 14). The published guide de-
fines the threshold for defining positive versus negative test 
findings, which may differ between primary research, and the 
application of advanced statistical methods (e.g., bivariate 
models/hierarchical mode) (13, 14).

Given the preceding, this systematic review and meta-analysis 
aimed to assess the operating characteristics of US imaging 
compared with the histological exam of biopsy tissue to iden-
tify their accuracy level in the DDX of IRCs vs. PGs, by employ-
ing an adjusted prevalence through a detailed quantitative 
analysis based on predicted values that enables comparison 
for preoperative clinical usage.

MATERIALS AND METHODS
A comprehensive research protocol was developed and reg-
istered in the PROSPERO database (ID. CRD42023466030). We 
strictly followed the PRISMA statement and the Cochrane rec-
ommendations for systematic reviews of interventions (15).

PICO Question
Population: Patients seeking endodontic therapy, with a 
clinical/radiographic diagnosis of AP and an indication of en-
dodontic surgical intervention.

Intervention: US for IRCs differential diagnosis.

Comparison: Histopathological examination of biopsy tissue.

Outcome: US accuracy in the DDX of IRCs compared to the 
histological examination of biopsy tissue (reference standard).

Focused Question
Is US imaging's accuracy in DDX of IRCs vs. PGs in human per-
manent teeth comparable to histological analysis of biopsy 
tissue in cross-sectional studies?

Inclusion Criteria
Cross-sectional studies evaluating US accuracy in the DDX of 
IRCs in permanent human teeth compared with histopatho-
logical examination of biopsy tissue as a reference standard. 
Studies including patients with a presumptive diagnosis of AP 
and an indication of endodontic surgical intervention or tooth 
extraction and performing a direct comparison between both 
diagnostic methods.

Exclusion Criteria
Studies that did not report true positive (TP), false positive 
(FP), true negative (TN), and false negative (FN) data, or 
when it was not possible to calculate them. Clinical studies 
evaluating US imaging with no reference standard, studies 
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that did not define the evaluation method, laboratory-based 
studies or animal studies, narrative reviews, case reports, 
and expert opinions were excluded.

Primary outcome(s): Sensitivity, specificity, PPV, NPV and 
SROC curve.

Secondary outcome(s): IRCs prevalence and diagnostic odds 
ratio (DOR).

Information sources: Descriptors in Health Sciences (DeCS), 
Medical subject headings (MeSH), Emtree language, and text 
words were applied. We searched in Web of Science, Medline 
(PubMed), and Scopus from inception to April 2024. The search 
strategy was adapted to each database. A manual search was 
also conducted, through references from relevant journals, 
conferences, Open Grey, thesis databases, Google Scholar, and 
ClinicalTrials.gov among others (Table 1).

Data Extraction
Initially, two researchers independently reviewed the studies 
based on the title and abstract. Then, they reviewed the whole 
text using pre-specified inclusion criteria. Disagreements were 
addressed by consensus, with an additional researcher mak-
ing final decisions if necessary. A standardized data sheet was 
used to collect data in duplicate, which included: journal, au-
thors, year, title, study design, timing, objectives, inclusion and 
exclusion criteria, number of included patients, outcome defi-
nition, outcomes, association measures, anatomical location 
of the surgical approach and funding source.

A database was created using quantitative data from the pri-
mary studies to record PPV, NPV, sensitivity, specificity and 
accuracy. Data for true positive (TP), false positive (FP), true 
negative (TN), and false negative (FN) were collected. When 
the data was not available, an estimation was performed: TP 
= sensitivity X prevalence; FP = (total n – prevalence) – TN; 
TN = specificity X (total n - prevalence); and FN = prevalence 
– TP (16).

Risk of Bias and Applicability
Two researchers assessed the risk of bias and the applicabili-
ty of the primary diagnostic studies using the QUADAS-2 tool 
(17). QUADAS-2 assessment involves four steps: In the first 
phase, the systematic focused question is defined and re-
ported; in the second phase, if necessary, for a more accurate 
evaluation of the primary studies, a special guide is adapted 
or constructed from the QUADAS-2 tool; in the third phase, 
the flow chart published in the primary study is reviewed, or 
one is created if none is reported; in the fourth phase, bias 
and applicability are assessed through an analysis of the in-
formation reported on primary studies, which is then divided 
into four key domains: (i) Patient Selection, (ii) Index Test, (iii) 
Reference Standard and (iv) Flow and Timing. Each domain 
consists of two to four signalling questions with three alter-
native answers: "Yes," "No," and "Unclear," which are framed 
so that "yes" implies a low risk of bias, "no" indicates a high 
risk of bias, and "unclear" indicates that inadequate data was 
reported. Finally, the risk of bias judgment is rated as "low," 
"high," or "unclear." If all signalling questions for a domain 

were answered "yes", the risk of bias is assessed as low. If, 
on the other hand, any signalling question was responded 
to "no", or if several questions within a domain were replied 
"unclear", the domain is rated as having a high risk of bias. 
Domains with only one signalling question identified as "un-
clear" are at "unclear" risk of bias (17). Applicability was as-
sessed in the following domains: "Patient selection," "Index 
test," and "Reference standard." This applicability assessment 
is related to the focused question defined for this study and 
reviewed in Phase 1, and it rates the primary study's affinity 
with the review (focused) question. The applicability is as-
sessed as "low", "high", or "unclear", and, similar to the risk of 
bias assessment, the "unclear" category is only applied when 
insufficient data were supplied (17).

Data Analysis/Synthesis of Results
Review Manager 5.3 (Nordic Cochrane Centre, 2014), R Version 
3.6.1 -Madauni function- (Core Team, R Development) and Sta-
ta v.12.0 (Stata Corp LLC, College Station, TX, USA) were em-
ployed to perform the statistical analysis.

A bivariate model was adopted to perform a meta-analysis 
for observational studies involving US imaging vs. histopa-
thology examination of biopsy tissue. The model used hier-
archical methods (14), and logarithmic-type transformation 
to relate precision to sensitivity and specificity. The model 
provided data about the SROC curve (diagnostic precision 
metric). The SROC univariate method uses linear regression 
to identify a cut-off point where sensitivity and specific-
ity are inversely proportional to test accuracy. This can be 
achieved by transforming the rates of true positives and 
false positives. The US method was analysed using a bivari-
ate approach based on chi-square adjustment of Mahalano-
bis distances, spike plots, and dispersion diagrams to check 
for outliers using typified random effects forecasts. The as-
sumption of normal bivariate distribution for sensitivity and 
specificity logit was verified. The sensitivity and specificity 
values were tested using a 95% confidence interval (CI).

We standardized the predictive values of all the included pri-
mary studies using the following methods to a total preva-
lence of 52.61 % to enable comparison: Adj. Positive predictive 
value = Sensitivity*Prevalence/Sensitivity*Prevalence + (1 – 
Specificity) *(1- Prevalence) and Adj. Negative predictive value 
= Specificity *(1 – Prevalence) /Specificity *(1- Prevalence) + 
(1 – Sensitivity) *Prevalence (12, 13).

It is essential to estimate the diagnostic odds ratio (DOR) and 
area under the ROC-curve (AUC) in order to comprehend the 
synthesis of the outcomes. This statistical index measures di-
agnostic accuracy by comparing the frequency of positive re-
sults in subjects with the disease under study against those 
without it. The index helps indicate the degree of intensity 
between the outcome of a test and the condition/disease. It 
is independent of prevalence. The range of DOR values is zero 
to infinity, where a greater DOR indicates a better test result. 
The test is useless if DOR =1, which indicates that it is not dis-
criminating. If DOR ≥1, the test is more likely to be positive in 
affected individuals than in healthy ones (16).
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RESULTS

Study Selection
Based on the previously described search strategy, 475 records 
were initially identified. After removing 64 duplicates, 411 
studies (titles and abstracts) were assessed for eligibility. 

Fifteen full-text articles were screened, 2 studies were exclud-
ed (18, 19). Finally, 13 cross-sectional studies underwent quali-
tative and quantitative synthesis (20–32) (Fig. 1).

Characteristics and Synthesis of the Evidence of the In-
cluded Studies
Thirteen cross-sectional studies published between 2003 and 
2023 were included (20–32). A total sample of 365 patients 
(one tooth / per patient) comparing US imaging vs. histo-
pathological examination was assessed. Thirteen samples 
from the Sönmez et al. (27) study, where no histopathological 
analysis was conducted, and 1 sample from the Das et al. (31) 
study, where the histopathological diagnosis was ambiguous, 

TABLE 1. Search strategy translated for each database

Search strategy translated for each database

((Endodontics OR endodontic disease AND Inflammatory Radicular Cyst OR residual cyst OR radicular cyst OR 
periapical granuloma OR apical lesion AND periapical lesion AND diagnosis OR differential diagnosis) AND 
(CBCT AND cone beam computed tomography) AND (biopsy OR histopathology)) NOT (magnetic resonance 
OR MRI)
((Endodontics OR endodontic disease OR Inflammatory Radicular Cyst OR residual cyst OR radicular cyst OR 
periapical granuloma AND apical lesion AND periapical lesion AND diagnosis AND differential diagnosis) AND 
(Ultrasound with colour doppler OR power doppler applications OR ultrasound) AND (biopsy OR histopathol-
ogy)) NOT (magnetic resonance OR MRI)
(Endodontics OR endodontic disease OR Inflammatory Radicular Cyst OR residual cyst OR radicular cyst OR 
periapical granuloma AND apical lesion AND periapical lesion AND diagnosis AND differential diagnosis) AND 
(magnetic resonance OR magnetic resonance imaging OR MRI AND histopathology OR biopsy)
((Endodontics OR endodontic disease AND Inflammatory Radicular Cyst OR residual cyst OR radicular cyst OR 
periapical granuloma OR apical lesion AND periapical lesion AND diagnosis OR differential diagnosis) AND 
(Cytokine OR chemokine OR aspiration cyst fluid OR fluid OR aspiration AND panoramic radiography) AND 
(histopathology OR biopsy) NOT (magnetic resonance AND MRI)
(Endodontics OR endodontic AND disease AND inflammatory AND radicular AND cyst OR residual AND cyst 
OR radicular AND cyst OR periapical AND granuloma OR apical AND lesion AND periapical AND lesion AND 
diagnosis OR differential AND diagnosis) AND (cbct AND cone AND beam AND computed AND tomography) 
AND (biopsy OR histopathology) AND NOT (magnetic AND resonance OR MRI)
(Endodontics OR endodontic AND disease OR inflammatory AND radicular AND cyst OR residual AND cyst 
OR radicular AND cyst OR periapical AND granuloma AND apical AND lesion AND periapical AND lesion AND 
diagnosis AND differential AND diagnosis) AND (ultrasound AND with AND colour AND doppler OR power 
AND doppler AND applications OR ultrasound) AND (biopsy AND histopathology) AND NOT (magnetic AND 
resonance OR MRI)
(Endodontics OR endodontic AND disease AND inflammatory AND radicular AND cyst OR residual AND cyst 
OR radicular AND cyst OR periapical AND granuloma OR apical AND lesion AND periapical AND lesion AND 
diagnosis OR differential AND diagnosis) AND (magnetic AND resonance OR magnetic AND resonance AND 
imaging OR MRI AND histopathology OR biopsy)
(Endodontics OR endodontic AND disease OR inflammatory AND radicular AND cyst OR residual AND cyst OR 
radicular AND cyst OR periapical AND granuloma AND apical AND lesion AND periapical AND lesion AND di-
agnosis AND differential AND diagnosis) AND (cytokine OR chemokine OR aspiration AND cyst AND fluid OR 
fluid OR aspiration AND panoramic AND radiography) AND (histopathology OR biopsy) AND NOT (magnetic 
AND resonance AND MRI)
(((ALL= (Endodontics OR endodontic disease AND Inflammatory Radicular Cyst OR residual cyst OR radicular 
cyst OR periapical granuloma OR apical lesion AND periapical lesion AND diagnosis OR differential diagno-
sis)) AND ALL=(CBCT AND cone beam computed tomography)) AND ALL=(biopsy OR histopathology)) NOT 
ALL=(magnetic resonance OR MRI)
(((ALL=(Endodontics OR endodontic disease AND Inflammatory Radicular Cyst OR residual cyst OR radicular 
cyst OR periapical granuloma OR apical lesion AND periapical lesion AND diagnosis OR differential diagnosis)) 
AND ALL=(Ultrasound with colour doppler OR power doppler applications )) AND ALL=(biopsy OR histopa-
thology)) NOT ALL=(magnetic resonance OR MRI)
(((ALL=(Endodontics AND endodontic disease AND Inflammatory Radicular Cyst OR residual cyst OR radicular 
cyst OR periapical granuloma OR apical lesion AND periapical lesion AND diagnosis OR differential diagnosis)) 
AND ALL=(magnetic resonance AND magnetic resonance imaging AND histopathology AND biopsy)))
(((ALL=(Endodontics OR endodontic disease AND Inflammatory Radicular Cyst OR residual cyst OR radicular 
cyst OR periapical granuloma OR apical lesion AND periapical lesion AND diagnosis AND differential diag-
nosis)) AND ALL=(Cytokine OR chemokine OR aspiration cyst fluid OR fluid OR aspiration AND panoramic 
radiography)) AND ALL=(biopsy OR histopathology)) NOT ALL=(magnetic resonance OR MRI)

# Studies

92

24

54

12

28

3

28

8

23

115

58

28

473

PUBMED
MeSH terms

SCOPUS
keyword plus

ISI WEB
keywords

#: Number
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were not considered in this study (Table 2). The age range of 
the patients was 12 to 73 years. The included studies' sample 
population consisted primarily of patients scheduled for end-
odontic periapical surgery who were previously diagnosed 
with AP, based on clinical signs and symptoms, as well as bi-
dimensional radiographic findings (radiolucent lesions) (20–
32). Three studies also included individuals who underwent 
dental extraction since the treatment prognosis was deemed 
hopeless (22, 27, 28). US examination assessed the periapi-
cal endodontic lesions (extra-oral (transverse and longitudi-
nal planes) and/or intraoral) employing linear and/or hockey 
probe transducers, operating at frequencies ranging from 7 
to 15 MHz. Additionally, a colour/power Doppler examination 
was performed to assess the presence and features of vascu-
larity and pulsation status of the intra-lesions (20–32).

Tikku et al. (26) examined periapical lesions in the maxilla and 
mandible that were located in the anterior (n=10) and posteri-
or areas (n=20). Cotti et al. (20) in anterior (n=8) and posterior 
areas (n=3). Sönmez et al. (27) in anterior (n=13) and posterior 
areas (n= 7). Jia et al. (32) in anterior (n= 80) and posterior ar-
eas (n=29). Avci et al. (30) (n=10), Gundappa et al. (21) (n=15), 
Raghav et al. (22) (n=21), Das et al (31) (n=35), Jaswal et al. (28) 
(n=30) and Goel et al. (23) (n=30), only evaluated endodontic 
lesions located in the maxillary and mandibular anterior re-
gion. Prince et al. (24), Serindere et al. (29), and Parvathy et al. 
(25), did not mention the specific location of lesions assessed. 
A single skilled ultrasonographer carried out the US diagno-
sis in ten studies (20, 21, 23, 24–28, 30, 31), two ultrasonog-
raphers in one study (29), and three in two studies (22, 32). A 
total of 185 IRCs, and 142 PGs were diagnosed by US test and 
later confirmed by histopathological examination. Analysis of 
the 13 cross-sectional studies suggests that US can be advised 

as an adjunct and useful approach for the DDX of periapical 
lesions (IRC/PG). US imaging can reveal reliable information on 
the pathogenic nature of the apical lesion which is of value in 
determining the treatment outcome. The echotexture proper-
ties of periapical endodontic lesions in US imaging reflected 
their histopathological characteristics. However, this method 
may be limited in its capacity to diagnose endodontic lesions 
in areas below dense cortical bone (22, 30, 32) (Appendix 1).

Methodological Quality

Risk of bias assessment
Only one of the thirteen included studies was rated as hav-
ing a low risk of bias in all four domains assessed (32). In com-
parison, another study (22) was rated as having a low risk of 
bias in three of the four domains assessed, but the domain of 
"Flow and timing" was rated as having a high risk. Three stud-
ies (23–25) were assessed as having an "unclear" risk of bias in 
the majority of domains (Table 3).

When the evaluation was broken down by domain, the one 
with the most issues was "Flow and timing," considering that 
12 (20–31) out of the 13 studies did not report or describe the 
flow chart for patient selection, nor did they describe each of 
the patients included in the study who were evaluated using 
the US test (index test) and the histopathological test. Simi-
larly, these studies did not disclose the time period between 
the index and reference standard tests. The other domain 
whereby issues were evident in 9 (23–31) of the 13 included 
studies was the "Reference Standard" domain, considering 
these studies failed to describe how the reference standard 
test was performed, how it was interpreted, who interpreted 
it, or whether any type of blinding was implemented. In the 
other two domains, the majority of the studies were assessed 

Figure 1. Flow chart of included studies, based on PRISMA 2020 guidelines
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as having a low risk of bias. In the "Patient Selection" domain, 
the few studies (20, 21, 23–25) that were classified as having 
an "unclear" risk of bias were related to unclear patient selec-
tion methods (inclusion criteria). In the "Index Test" domain, 
the few studies (23–25, 29) that were rated as having an "un-
clear" risk of bias did not disclose who interpreted the tests or 
whether any blinding was performed (Fig. 2a), (Table 3).

Applicability assessment
In the applicability analysis, almost all studies (20–23, 26–32) 
were identified as having a low risk of bias in the three do-
mains reviewed ("Patient Selection"; "Index Test"; and "Refer-
ence Standard"). Two of the studies (24, 25) were classified as 
having an "unclear" risk of bias in the "Patient Selection" do-
main since the studies did not provide a detailed description 
of the included patients in terms of previous tests, the severity 
of the target condition, demographic characteristics, and any 
evidence of DDX or comorbidity (Fig. 2b), (Table 3).

Quantitative Analysis

Sensitivity and specificity
The pooled estimate for sensitivity and specificity of US imag-
ing to differentially diagnose IRCs were 0.97 with 95% CI (0.93–
0.99) and 0.83 with 95% CI (0.76–0.88) respectively (Fig. 3).

Predictive value analysis
The PPV and NPV values were not used for comparisons, be-
cause the disease's prevalence varies across studies and im-
pacts the outcomes. Therefore, the positive and negative prev-
alence values were computed using the overall IRC prevalence 
(52.61%), which considers all positive results for the disease 
across the total sample that was assessed in all the included 
cross-sectional studies. Based on the adjusted prevalence re-
port, US imaging displays a high PPV and NPV, indicating that 
a positive result from a US imaging test may suggest a high 
certainty of being an IRC. Furthermore, the Summary positive 
and negative likelihood ratios suggest a high probability of US 
identifying IRCs (Fig. 4a, b), (Table 4).

Analysis using DOR
US imaging showed a high DOR for correctly indicating a di-
agnosis of IRC, DOR = 65.848 (95% CI, 28.857–150.25) (Fig. 5).

AUC evaluation
As a general indicator of test performance, the area under the 
curve (AUC) was employed to summarise the meta-analysis's 
findings (AUC identifies the test's inherent capacity to distin-
guish between disease and healthy populations (accuracy)). 
The US imaging showed a high sensitivity and an FP low rate, 
with an AUC = 0.97 (95% CI, 0.95–1.00) (Fig. 6).

DISCUSSION
This Systematic review assessed the sensitivity, specificity, 
adjusted PPV, adjusted NPV, positive likelihood ratio (LR+), 
and negative likelihood ratio (LR-) of US imaging for the 
DDX of IRCs. Findings of this study (Sensitivity= 0.96 [95% CI, 
0.93–0.99], specificity= 0.83 [95% CI, 0.76–0.88], LR+ = 3.498 
[95% CI, 2.079–.885], LR- = 0.091 [95% CI, 0.050–0.164], DOR 
= 65.848 (95% CI, 28.857 – 150.25) and AUC = 0.97 (95% CI, 
0.95–1.00)), suggest that US can be regarded as a highly accu-TA
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rate and consistent method for IRC DDX. The US can offer accu-
rate details on the pathological nature of periapical endodon-
tic lesions through the echotexture of their contents as well 
as the existence and features of vascularity. Notably, the in-
cluded observational studies showed moderate heterogene-
ity (I2=63.6%). The spread and skewness of the data, visualized 
in the Summary receiver operating characteristic (SROC) plot 
may contribute to the considerable heterogeneity (Fig. 6).

Since each primary study's evaluation was conducted with 
a different prevalence, the studies' results were inconsistent. 
Therefore, the PPV and NPV were adjusted to a standard 
prevalence (52.61%). 

 Overall, it can be estimated that this systematic review has a 
moderate risk of bias (QUADAS-2). Mainly because less than 
10% of the studies presented a low risk of bias in the -flow and 
timing- domain. Most studies fail to provide a flow chart of pa-
tient selection and do not describe the time elapsed between 
the US and histopathological test. Similarly, less than 30% of 
the studies represented a low risk of bias in the -reference 
standard- domain. Very few studies described who performed 
the standard test, under what settings, and whether they were 
subjected to any test-specific blinding. As a result, the findings 
drawn by these studies regarding the test's accuracy are sub-
jective (Table 3) (Fig. 2a).

Sound is mechanical energy that flows through a medium by 
alternating high- and low-pressure waves (33). Clinical US imag-
ing involves sound waves–living tissue interactions to generate 
images of the target tissues or, in Doppler-based formats, deter-

mine the rate of moving tissue, usually blood flow. US stands for 
sound waves with a frequency above 20,000 cycles per second 
(Hz). Diagnostic ultrasonography often employs frequencies 
ranging from 2 to 15 MHz (106 cycles/second). Sound waves 
propagate across soft tissues at these frequencies, based on their 
acoustic impedance. The specific tissue's acoustic impedance is 
governed by its transmission velocity and density. The vast ma-
jority of soft tissues and blood display a transmission speed of 
around 1540 m/sec (33, 34). Hence, density primarily governs 
the acoustic impedance of the majority of soft tissues. When two 
tissues of differing densities are located adjacent, an acoustic im-
pedance mismatch occurs, and sound waves are reflected by the 
mismatch (33, 34). The larger the acoustic mismatch, the more 
sound waves are reflected and returned to the transducer (the 
transducer generates sound waves and receives reflected sound 
waves). Areas with substantial tissue density variations, and con-
sequently more reflected sound waves, are typically perceived 
as brighter areas on the US image (34, 35). US imaging is most 
suitable for soft tissue screening, and it is frequently hindered 
by bone and gas-filled structures. Sound travels swiftly through 
bone structures. In contrast, sound conducts deficiently across 
the air and air-filled structures. The huge acoustic impedance 
mismatch between bone and gas interfaces and soft tissue leads 
most of the waves to be reflected. High reflectivity inhibits sound 
wave propagation into deeper tissues and may cause generate 
artifacts in the final US image (34, 35).

Differentiating between IRCs and PGs in the US evaluation is 
dependent on several parameters. IRCs typically present as hy-
poechoic or anechoic lesions with a well-defined contour and 

TABLE 3. Methodological quality graph of included studies (Quadas-2)

Study  Risk of bias    Applicability concerns

 Patient Index Reference Flow and  Patient Index Reference 
 selection test standard timing selection test standard

Cotti et al. (20) ⍰ � � ⍰ � � �
Gundappa et al. (21) ⍰ � � ⍰ � � �
Raghav et al. (22) � � � � � � �
Goel et al. (23) ⍰ ⍰ ⍰ ⍰ � � �
Prince et al. (24) ⍰ ⍰ ⍰ � ⍰ � �
Parvathy et al. (25) ⍰ ⍰ ⍰ � ⍰ � �
Tikku et al. (26) � � ⍰ � � � �
Sönmez et al. (27) � � ⍰ � � � �
Jaswal et al. (28) � � ⍰ � � � �
Serindere et al. (29) � ⍰ ⍰ � � � �
Avci et al. (30) � � ⍰ � � � �
Das et al. (31) � � ⍰ � � � �
Jia et al. (32) � � � � � � �

�=Low risk, ⍰= Unclear risk, �= High risk

TABLE 4. Grouped estimates of sensitivity, specificity, predictive values, LR+, LR- and AUC of ultrasound test

SE [95% CI] EP [95% CI] LR+ [95% CI] LR- [95% CI] Adj. PPV   Adj. NPV AUC [95% CI]

0.96 [0.93–0.99] 0.83 [0.76–0.88] 3.498 [2.079–5.885] 0.091 [0.050–0.164] 0.86 [0.81–0.91] 0.93 [0.88–0.97] 0.97 [0.95–1.00]

LR+: Positive likelihood ratio, LR-: Negative likelihood ratio, SE: Sensitivity, EP: Specificity, Adj.: Adjusted, PPV: Positive predictive value, NPV: Negative predictive value, 
AUC: Area under the ROC curve, CI: Confidence interval
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smooth margins, indicating the presence of clear fluid content 
without evidence of internal vascularisation on the applica-
tion of both colour Doppler and power Doppler. The anechoic 

is caused by the cysts being filled with fluid rather than solid 
or inflammatory components, resulting in a homogeneous US 
image (20, 23). PGs exhibit varying echogenicity, ranging from 

Figure 3. Forest plot of ultrasound test
CI: Confidence interval

Figure 2. (a) Proportion of studies with low, high, or unclear risk of bias (%). (b) Proportion of studies with low, 
high, or unclear concerns regarding applicability (%)

b

a
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Figure 4. (a) Summary negative likelihood ratio (random effects model). (b) Summary positive likelihood ratio 
(random effects model)
LR: Likelihood ratio, REM: Random effects model

b

a

Figure 5. Summary diagnostic odds ratio (random effects model)
DOR: Diagnostic odds ratio
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hypoechoic (in the core) to hyperechoic (in the periphery). PGs 
describe uneven patterns at their margins (irregular walls), 
indicating inflammatory tissue infiltration, which suggests a 
more aggressive and less defined inflammatory phenomenon 
(20,23). PGs exhibit a rich vascular supply on colour and power 
Doppler evaluation (20, 23). To properly interpret IRCs using 
US imaging, the equipment must have high-frequency trans-
ducers, particularly in the 7 to 12 MHz range. This high fre-
quency is required to obtain optimal spatial resolution (1, 32).

The current study's findings are consistent with those of two 
previously published comparable systematic reviews (11, 
36). The systematic review by Musu et al. (36) found that US 
imaging is effective for diagnosing infective and inflammatory 
periapical lesions, cysts, non-odontogenic tumours, odonto-
genic tumours, arteriovenous malformations, and endodontic 
lesions when compared to histological analysis (36). However, 
unlike the present study, the Musu et al. (36) study, included 
case reports or case series instead of cross-sectional studies, 
assessed the quality of the included studies using a modified 
Cochrane Collaboration's tools rather than the QUADAS-2 tool 
and did not perform quantitative analysis, which could raise 
the possibility of bias when presenting the results. The system-
atic review by Natanasabapathy et al. (11) found estimations of 
US's sensitivity and specificity to diagnose IRCs of 0.98 and 0.99 
respectively, and an AUC of 0.99, which suggests that US is a re-
liable tool in DDX of IRCs. Notably, all the included studies had 
inherent publication bias (11). Unlike the study by Natanasaba-
pathy et al. (11), the present study employs an adjusted preva-
lence (the PPV and the NPVs were calculated with the total IRC 
prevalence) which allows a more precise comparison between 
studies and reduces the variance of prevalence estimators.

However, it is also worth noting that there are several draw-
backs inherent in the nature of US that must be addressed 
when performing the DDX of the IRC. First and foremost, a 
thorough understanding of the device's functionality and un-
derlying systems is required for optimal image adjustment and 
documentation. Likewise, it's important to receive proper train-
ing in interpreting US images. Setzer et al. (37) demonstrated 
that a convolutional artificial intelligence approach accurately 
detects periapical lesions in CBCT images. A similar approach 
may eliminate operator or subjective bias when assessing US 
images. Although periapical lesion size has been proposed to 
provide insight into the nature of the underlying pathologic 
process, US-based size estimations in three dimensions are un-
reliable. The bony borders of the lesions may create an acous-
tic shadow on the lateral walls, making it difficult to accurately 
measure with electronic callipers (21). The inability of US to an-
alyse deep intrabony periapical lesions—where the endodontic 
lesion is covered in a thick layer of cortical bone—has also been 
documented (11, 22, 30, 32). This constraint is mirrored in the 
nature of most included studies' samples, which choose to an-
alyse only teeth in the anterior region, where the bone cortical 
is thinner, thus introducing selection bias and limiting the gen-
eralizability of the findings to posterior teeth or thicker bone 
areas. In the study by Tikku et al. (26), a correlation was found 
between bone thickness and lesion detection (p=0.033). All 
patients with cortical bone thickness less than 1.6 mm (mean 
value) were accurately diagnosed, whereas only 65% of those 
with bone thickness ≥ 1.6 mm turned out to have a lesion (26). 
Similarly, Jia et al. (32) reported that in two cases, the US-test 
diagnosed PGs were histopathologically confirmed to be IRCs. 
Both samples featured posterior areas, where bone thickness 
and continuity could have led to the misdiagnosis. The bone's 
acoustic impedance leads the lesion margins to seem poorly 
defined on US images, leading to a misdiagnosis of PG (32). US 
waves are thought to be inhibited by intact cortical bone. How-
ever, it has also been argued that an interruption in the corti-
cal plate is not necessary to visualize a periapical lesion, since a 
thinning of the cortical may be enough to provide an acoustic 
window for the ultrasonic waves to reach the bone defect (38). 
Notably, Musu et al. (38), used an ex vivo model to demonstrate 
that artificial bony lesions in bovine mandible bones may be re-
liably detected with US imaging, regardless of diameter, thick-
ness, or cortical plate perforation. Finally, the inability to dis-
tinguish between a true and bay cyst and the unavailability of 
specifically made probes that can be utilized in every area of the 
oral cavity are technical barriers to employing US for IRC diag-
nosis (11). The PRISMA Declaration and the Cochrane Collabora-
tion were strictly adhered to in the present study. However, the 
results’ considerable heterogeneity makes interpretation prob-
lematic. Furthermore, the sampling error in the estimated be-
tween-study variance and the observed within-study variances 
may be large when the sample sizes are small, as is the case for 
the majority of the studies included in this systematic review. 
As a result, the coverage probability may be much lower than 
the nominal level and the overall estimate's confidence interval 
(CI) may be poor (39). Consequently, reducing bias requires a 
robust sample size, a clearly and well-defined study design and 
multiple blinded calibrated ultrasonographers/endodontists.

Figure 6. Summary receiver operating characteristic (SROC) plot for the 
ultrasound test. Summary ROC curves (solid lines). Every square rep-
resents the sensitivity and specificity estimate from one study, and the 
size of the square reflects the sample size.
*: The point of the curve in which sensitivity equals specificity. SE: Standard error, 
AUC: Area under the curve
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CONCLUSION
US imaging can be regarded as a highly accurate and consis-
tent method for IRC differential diagnosis. US offers reliable 
details on the pathological nature of periapical endodontic 
lesions through the echotexture of their contents and the 
existence and features of vascularity. However, it should be 
highlighted that the results herein reported are primarily 
based on samples acquired from anterior teeth/areas, due 
to the apparent limits imposed by thick bone corticals in 
posterior teeth/areas, particularly at the mandibular level. 
The results of this study must be interpreted with caution, 
as 12 out of the 13 included observational studies raised 
concerns about the potential risk of bias. Finally, it is recom-
mended that diagnostic studies report all the most relevant 
operating characteristics.
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