Henry Ford Health

Henry Ford Health Scholarly Commons
Otolaryngology Articles

Otolaryngology - Head and Neck Surgery

1-15-2021

Diagnosing odontogenic sinusitis of endodontic origin: A
multidisciplinary literature review
John R. Craig
Henry Ford Health, JCraig1@hfhs.org

Roderick W. Tataryn
Bruce Y. Cha
Pallavi Bhargava
Henry Ford Health, pbharga1@hfhs.org

Al Pokorny

See next page for additional authors

Follow this and additional works at: https://scholarlycommons.henryford.com/otolaryngology_articles

Recommended Citation
Craig JR, Tataryn RW, Cha BY, Bhargava P, Pokorny A, Gray ST, Mattos JL, and Poetker DM. Diagnosing
odontogenic sinusitis of endodontic origin: A multidisciplinary literature review. Am J Otolaryngol 2021;
42(3):102925.

This Article is brought to you for free and open access by the Otolaryngology - Head and Neck Surgery at Henry
Ford Health Scholarly Commons. It has been accepted for inclusion in Otolaryngology Articles by an authorized
administrator of Henry Ford Health Scholarly Commons.

Authors
John R. Craig, Roderick W. Tataryn, Bruce Y. Cha, Pallavi Bhargava, Al Pokorny, Stacey T. Gray, Jose L.
Mattos, and David M. Poetker

This article is available at Henry Ford Health Scholarly Commons: https://scholarlycommons.henryford.com/
otolaryngology_articles/178

American Journal of Otolaryngology–Head and Neck Medicine and Surgery 42 (2021) 102925

Contents lists available at ScienceDirect

American Journal of Otolaryngology–Head and Neck
Medicine and Surgery
journal homepage: www.elsevier.com/locate/amjoto

Diagnosing odontogenic sinusitis of endodontic origin: A multidisciplinary
literature review☆
John R. Craig a, *, Roderick W. Tataryn b, c, Bruce Y. Cha d, Pallavi Bhargava e, Al Pokorny f, g,
Stacey T. Gray h, Jose L. Mattos i, David M. Poetker j, k
a

Henry Ford Health System, Department of Otolaryngology– Head and Neck Surgery, Detroit, MI, United States of America
Tataryn Endodontics, Spokane, WA, United States of America
Loma Linda University, Department of Endodontics, School of Dentistry, Loma Linda, CA, United States of America
d
University of Connecticut, Division of Endodontology, School of Dental Medicine, Farmington, CT, United States of America
e
Henry Ford Health System, Department of Internal Medicine, Division of Infectious Disease, Detroit, MI, United States of America
f
Spokane ENT Clinic, Spokane, WA, United States of America
g
University of Washington, Department of Otolaryngology– Head and Neck Surgery, Seattle, WA, United States of America
h
Harvard Medical School, Department of Otolaryngology– Head and Neck Surgery, Boston, MA, United States of America
i
University of Virginia, Department of Otolaryngology– Head and Neck Surgery, Charlottesville, VA, United States of America
j
Medical College of Wisconsin, Department of Otolaryngology– Head and Neck Surgery, Milwaukee, WI, United States of America
k
Zablocki VAMC, Division of Surgery, Milwaukee, WI, United States of America
b
c

A R T I C L E I N F O

A B S T R A C T

Keywords:
Odontogenic sinusitis
Maxillary sinusitis
Chronic rhinosinusitis
Apical periodontitis
Periapical lesion
Anaerobes

Purpose: Endodontic disease is one of the most common causes of bacterial odontogenic sinusitis (ODS). Diag
nosing ODS of endodontic origin involves otolaryngologists confirming sinusitis, and dental specialists con
firming endodontic sources. The purpose of this study was to conduct a multidisciplinary literature review to
highlight clinical and microbiological features of ODS, and the most optimal diagnostic modalities to confirm
endodontic disease.
Methods: An extensive review of both medical and dental literature was performed by rhinologists, endodontists,
and an infectious disease specialist. Frequencies of various clinical and microbiological features from ODS studies
were collected, and averages were calculated. Different endodontic testing and imaging modalities were also
evaluated on their abilities to confirm endodontic disease.
Results: ODS patients most often present with unilateral sinonasal symptoms for over 3 months, purulence on
nasal endoscopy, and overt dental pathology on computed tomography (CT). Subjective foul smell, and maxillary
sinus cultures demonstrating anaerobes and α-streptococci (viridans group) may be more specific to ODS. For
endodontic evaluations, cold pulp testing and cone-beam CT imaging are most optimal for confirming pulpal and
periapical disease.
Conclusion: Diagnosing ODS requires collaboration between otolaryngologists and dental specialists. Clinicians
should suspect ODS when patients present with unilateral sinonasal symptoms, especially foul smell. Patients will
generally have purulent drainage on nasal endoscopy, and both sinus opacification and overt dental pathology on
CT. However, some patients will have subtle or absent dental pathology on CT. For suspected endodontic disease,
endodontists should be consulted for at least cold pulp testing, and ideally cone-beam CT.

1. Introduction
Bacterial odontogenic sinusitis (ODS) refers to maxillary sinusitis,
with or without extension to other paranasal sinuses, secondary to either
adjacent infectious maxillary dental pathology, or iatrogenic injury from

dental procedures [1]. Studies have shown that ODS could account for
25–40% of all chronic maxillary sinusitis [2,3], and 45–75% of unilat
eral maxillary sinus opacification on computed tomography (CT) [4–7].
Despite its relatively high prevalence, ODS has received significantly
less attention in the literature compared to other forms of sinusitis, and
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though not all pulp vitality tests are suitable for all clinical situations,
and different test combinations may be required.
Periapical disease can be examined by assessing for tenderness with
percussion and biting [20], but this may be absent in ODS due to peri
apical pressure being relieved by alveolar bone expansion and erosion
[13,24]. Intraoral edema and fistula tracts also rarely develop because
posterior maxillary periapical infections often spread toward the
maxillary sinus rather than the oral cavity [24]. Periapical radiography
(PAR) or cone-beam computed tomography (CBCT) are used to detect
periapical disease. When evident radiographically, AP causes PALs
around root apices, possibly with periodontal ligament (PDL) space
widening as well (Fig. 1) [19]. However, diagnosing endodontic disease
is additionally complex because AP may be subtle or absent radio
graphically [25–27]. Table 1 shows the characteristic findings of end
odontic conditions on clinical pulp testing and periapical imaging. Due
to the more complex anatomy and pathology of maxillary molars,
management of such endodontic disease may require an endodontist
[28].
While numerous ODS review articles have been published, none have
synthesized the dental and medical literature in a multidisciplinary
fashion to highlight how ODS is recognized and diagnosed. The purposes
of this review were to report clinical and microbiological features of
bacterial ODS to facilitate disease recognition, and diagnostic modalities
used to confirm endodontic sources of sinusitis.

diagnosing ODS has not been discussed in recent sinusitis guidelines or
position papers [8–11]. While dental evaluation is generally required to
confirm ODS, these patients often have more prominent sinonasal
symptoms compared to dental complaints [8,12,13]. It is therefore
critical that clinicians suspect ODS in these scenarios, to ensure patients
are referred to dental providers.
A variety of dental pathologies can lead to ODS, including end
odontic disease, periodontitis, oroantral fistula (OAF), or dental
treatment-related foreign bodies [13–17,75,76]. Endodontic disease is a
common cause ODS, and begins with bacterial invasion of the pulp space
causing pulpitis, and pulpal necrosis if left untreated. Bacteria prolifer
ate within pulp tissue and may progress to root apices to cause apical
periodontitis (AP), which is inflammation or infection of the apical
periodontium. Initially AP is symptomatic with pain on biting, but may
become asymptomatic over time. AP may or may not progress to cause a
periapical lesion (PAL). PAL is a radiographic term that can represent a
periapical cyst, granuloma, or abscess around a tooth apex, and can be
subtle or overt (Fig. 1). AP with or without a PAL may also occur after
failed endodontic treatment [18–20]. Another condition that can result
in ODS from pulpal necrosis and AP is a vertical root fracture. These
microscopic fractures occur vertically along the outer root surfaces
through the dentin, and into the pulp chamber. They occur due to
occlusal trauma, usually in the setting of tooth weakening after prior
root canal therapies, but can also occur from bruxism, large coronal
restorations, or absence of other teeth causing extra loading on
remaining dentition. Characteristically, they lead to local infection, and
imaging displays alveolar bone erosion adjacent to the fractured root,
but the fracture itself is rarely seen (Fig. 2) [21,22].

2. Methods
A literature review was performed by conducting Ovid MEDLINE,
EMBASE, and Cochrane Library keyword searches through June 2020.
There were two main sections of the paper. First, a literature search was
performed by 1 author (JRC) in conjunction with a librarian, by
searching the databases for “odontogenic sinusitis or rhinosinusitis.”
After applying inclusion/exclusion criteria, included articles were
reviewed by 5 rhinologists and 1 infectious disease specialist to report
frequencies of clinical and microbiological features in ODS patients.
Second, a dental literature search was performed by 2 endodontists
(RWT and BYC) in conjunction with a librarian by searching the data
bases for “endodontic testing,” “pulp testing,” and “periapical radiog
raphy and cone-beam CT for periapical disease.”
For the medical literature review, original research studies

1.1. Diagnosing endodontic pathology
Diagnosing endodontic disease causing ODS can be challenging, and
requires meticulous endodontic examination and high-quality periapical
imaging. Evaluation involves clinical pulp testing (cold, hot, or electric)
to determine pulp vitality, and examination for previous endodontic
therapy quality, condition of existing dental restorations, root fractures,
and canal anatomy [13,18,23]. Cold, hot, and electric responses are
typically absent in ODS because infected teeth are usually non-vital,
either from pulpal necrosis or prior endodontic therapy. Clinical pulp
testing of all posterior maxillary teeth is essential when evaluating ODS,

Fig. 1. Two examples of maxillary odontogenic sinusitis due to endodontic disease on sinus computed tomography, specifically apical periodontitis (AP) from pulpal
necrosis of a maxillary molar. A, Complete maxillary sinus opacification and adjacent molar demonstrating AP with a very subtle periapical lesion (PAL) (red arrow)
and periodontal ligament (PDL) space widening (blue arrow). B, Complete maxillary sinus opacification and adjacent molar demonstrating AP with overt PAL (red
arrow) and PDL space widening (blue arrow), with significant alveolar bone erosion. (For interpretation of the references to colour in this figure legend, the reader is
referred to the web version of this article.)
2
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Fig. 2. Example of odontogenic sinusitis caused by a vertical root fracture of a right maxillary molar’s mesiobuccal root after prior root canal therapy. A, Periapical
radiograph (PAR) demonstrating characteristic thinning or loss of the alveolar bone (red arrow) adjacent to the fractured molar root. B, Higher resolution computed
tomography (CT) scan demonstrating the alveolar bone erosion (red arrow), which is seen significantly more clearly on the CT compared to the PAR. (For inter
pretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
Table 1
Characteristic findings on clinical pulp testing, dental exam, and radiography for normal and pathologic pulpal and periapical diagnoses. For pulp and biting/per
cussion testing, positive (+) refers to patients responding to the stimulus, whereas negative (− ) refers to an absent response. For radiography, negative (− ) signifies no
findings, whereas abnormal findings were described. For radiographic findings, a periapical lesion (PAL) refers to any abnormal lucency around root apices which
could be a cyst, granuloma, or abscess. Periodontal ligament (PDL) widening refers to abnormal widened lucency of the PDL space. CPT, cold pulp test; HPT, hot pulp
test; EPT, electric pulp test; RCTx, root canal therapy; PAR, periapical radiography; CBCT, cone-beam CT; AP, apical periodontitis.
Pulpal diagnosis

Normal Pulp
Pulpal Necrosis
Previous RCTx

Periapical diagnosis
CPT

HPT

EPT

+
−
−

+
−
−

+
−
−

Normal
Symptomatic AP
Asymptomatic AP
Vertical Root Fracture

describing ODS clinical features were included if bacterial ODS was
diagnosed based on a combination of CT scans demonstrating at least
maxillary sinus opacification, and confirmation of adjacent maxillary
dental pathology by dental testing and imaging. The following clinical
features were recorded for each study: study design, level of evidence
(LOE) [29], sample size, age, gender, symptom duration, sinonasal
symptom frequencies (foul smell, anterior and posterior nasal drainage,
nasal obstruction, hyposmia, facial pain, dental pain, or asymptomatic),
22-item sinonasal outcome test (SNOT-22), nasal endoscopy findings
(pus, edema, polyps), and frequencies of unilaterality, extramaxillary
extension on CT, and dental pathologies. Exclusion criteria included
non-English language articles, fungal sinus disease, studies with fewer
than 20 patients, and studies reporting fewer than 6 of the 11 variables
of clinical features of interest. Summary statistics were calculated for
each of the aforementioned variables. Note that when calculating mean
frequencies of clinical variables, some studies reported combinations of
variables rather than individually, and these were not used toward
summary calculations. Additionally, if studies used certain clinical
variables as inclusion criteria, those studies’ variables were excluded
from calculations. For example, if studies included only unilateral ODS,
those studies would not be used in calculating the mean frequency of
unilateral presentation. For dental pathologies, only ranges were re
ported because most studies did not include all dental pathologies.
Bacterial cultures from ODS microbiology studies were analyzed.

Biting/percussion

Radiographic findings
(PAR, CBCT)

−
+
−
+

−
− or PAL ± PDL widening
PAL ± PDL widening
Lateral alveolar bone loss adjacent to fractured root

Studies were only included if they reported the relative frequencies of
specific bacteria cultured. Frequencies of individual bacteria cultured
from sinuses in each study were summed to arrive at overall bacterial
frequencies in ODS patients. Commensal flora, coagulase-negative
staphylococci, and Corynebacterium species were excluded from
analyses.
For the dental literature review, studies on endodontic testing were
included if they had appropriate inclusion/exclusion criteria, and if they
reported sensitivity, specificity, positive and negative predictive values,
and diagnostic accuracies of different clinical pulp tests. For dental
imaging, studies were included if they compared efficacies of CBCT
versus PAR for identifying PALs due to AP. Exclusion criteria for dental
testing and imaging studies included non-English language articles, and
studies with fewer than 40 patients.
3. Results
The medical literature search yielded 416 English abstracts. After
applying inclusion/exclusion criteria, 22 studies with 1680 patients
were included for analysis of ODS clinical features. Table 2 shows data
for individual studies. Table 3 shows averages and ranges of de
mographic and clinical variables from the reviewed ODS studies.
Regarding LOE, 19 studies were level 4 (86.4%), one was level 3b
(4.6%), and two were level 2b (9.1%). Mean age was 51.2 ± 3.9 years,
3
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Table 2
Clinical features of odontogenic sinusitis based on systematic review. CS, case series; LOE: level of evidence; M/F: male/female; U/L: unilateral; FS, foul smell; AD,
anterior nasal drainage; PD, posterior nasal drainage; NO, nasal obstruction; FP, facial pain/pressure; DP, dental pain; HYP, hyposmia; Asympto, asymptomatic; PAL,
periapical lesion; AP, apical periodontitis; Endo, endodontic; Perio, periodontal; OAF, oroantral fistula; FB, foreign body; DI, dental implant; FB, foreign body; RCTx,
root canal therapy; NR, not recorded.
Study

Study
design

LOE

Melen et al.
1986

Retro
CS

4

Lee and Lee
2010

Retro
CS

Longhini and
Ferguson
2011
Hoskison
et al. 2012

Mean
Age
(years)

Gender

Mean
symptom
Duration
(months)

U/L

Frequency of
symptoms

Frequency of
nasal
endoscopy
findings

Dental
pathologies

Extramaxillary
extension on sinus
CT

99

46

NR

23

82%

NR

Polyps 13%

NR

4

27

43

NR

“Nearly
all”

4

21

53

31

57%

AD 66%
PD 15%
FP 33%
FS 48%
DP 29%

NR

Retro
CS
Retro
CS

4

26

46

M:
56%
F: 44%
M:
48%
F: 52%
M:
65%
F: 35%

PAL 39%
Perio 50%
OAF 10%
Extraction-related
30%
DI-related 37%
PAL 95%
Perio 5%

3

NR

Pus 73%
Edema 19%
Polyps 12%

PAL 73%
OAF 23%
FB 4%

NR

Pokorny and
Tataryn
2013

Retro
CS

4

31

48

M:
35%
F: 65%

NR

94%

NR

PAL/AP 91%
Perio 9%

30%, exact sinuses
NR

Saibene et al.
2014

Retro
CS

4

315

52

NR

81%

NR

Retro
CS

4

55

48

6

100%

NR

Wang et al.
2015

Retro
CS

4

55

55

NR

84%

Matsumoto
et al. 2015

Retro
CS

4

138

48

M:
40%
F: 60%
M:
57%
F: 43%

100%
symptoms, but
no reported
frequencies
NR

NR

100%

NR

Troeltzch
et al. 2015

Retro
CS

4

130

53

M:
59%
F: 41%

NR

100%

FS 15%
AD 35%
PD 35%
NO 19%
FP 44%
DP 44%
Asympto 1%
AD 16%
FP 30%
Aympto 47%

Post-RCTx/
extraction 69%
DI-related 31%
PAL 69%
OAF 16%
DI-related 2%
FB 2%
PAL 45%
OAF 28%
FB 14%
PAL, perio, caries,
dental fracture,
ORN; but no
frequencies

60%, exact sinuses
NR

CrovettoMartinez
et al. 2014

M:
44%
F: 56%
M:
60%
F: 40%

FS 73%
AD 81%
NO 46%
FP 58%
FS 13%
PD 65%
NO 48%
FP 90%
DP 42%
NR

NR

Mattos et al.
2016

Retro
CS

4

43

53

M:
37%
F: 63%

NR

NR

NR

Zirk et al.
2017

Retro
CS

4

121

57

NR

92%

Retro
CS

4

82

53

NR

100%

NR

3b

21

56

3

NR

FS 44%
AD 43%
FP 48%
NR

Endo + perio 41%
Oral surgeryrelated 57%
NR

NR

Ly and
Hellgren
2018
Gaudin et al.
2018

Prosp
CS

4

25

49

14

NR

NR

Simuntis et al.
2019

Prosp
cohort

2b

102

48

24

NR

Retro
CS

4

98

52

NR

100%

FS + PD + NO
59%
FP 16%
Asympto 15%

Pus 66%
Normal 34%

PALs, OAFs, FBs,
but no
frequencies
PAL + perio 39%
Extraction-related
7%
OAF 26%

NR

Costa et al.
2019

M:
33%
F: 67%
M:
51%
F: 49%

FS 60%
AD 36%
PD 48%
FP 84%
HYP 44%
FS 93%

PAL, OAF, recent
dental procedure;
no frequencies
PAL 16%
Perio 4%
OAF 52%
FB 28%

NR

Ungar et al.
2018

M:
44%
F: 56%
M:
37%
F: 63%
M:
52%
F: 48%
M:
36%
F: 64%

FS 28%
AD 100%
FP 100%
DP 47%
NR

PAL 18%
Perio 10%
Extraction-related
48%
OAF 10%
DI-related 8%
FB 2%
NR

Casecontrol

n

NR

100%

NR

NR

NR

NR

Ethmoid: 19%,
Frontal: 7%
Ethmoid: 65%,
Frontal: 43%

53%, exact sinuses
NR
NR
NR

NR

NR

Inclusion criteria
were ethmoid and
frontal disease

NR

(continued on next page)
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Table 2 (continued )
Study

Study
design

LOE

n

Mean
Age
(years)

Gender

Mean
symptom
Duration
(months)

U/L

Akiyama et al.
2019

Retro
CS

4

21

53

M:
67%
F: 33%

3

100%

Saibene et al.
2019

Retro
CS

4

128

52

NR

93%

Craig et al.
2019

Prosp
cohort

2b

37

53

M:
43%
F: 57%
M:
65%
F: 35%

6

89%

Turfe et al.
2019

Prosp
CS

4

60

55

M:
58%
F: 42%

6

100%

Safadi et al.
2020

Prosp
CS

4

45

58

M:
51%
F: 49%

8

NR

and there were nearly equal mean proportions of males and females. The
mean prevalence of unilateral ODS was about 90%, with most series
reporting ODS occurring unilaterally in 80–100% cases.
Studies reported mean symptom durations ranging from 3 to 31
months (overall median = 6 months). Frequencies of sinonasal symp
toms ranged from 44 to 60%, with no single predominant symptom.
Only 4 studies reported the frequency of dental pain, and the mean was
40% [5,8,25,30]. Interestingly, 15% of patients were asymptomatic.
Mean SNOT-22 across 4 studies was 50. Middle meatal purulence was
the most common endoscopic finding. Extramaxillary disease extension
into the ethmoid and frontal sinuses was seen on CT in nearly 70% and
40% of patients, respectively. Dental pathologies most often included
endodontic causes (16–95%), root canal or extraction related issues
(30–48%), and OAF (10–53%).
Of the screened and reviewed ODS articles in the medical literature,
7 studies on ODS microbiology met inclusion criteria [8,15,31–35].
Table 4 shows pooled ODS bacterial culture results from those studies,
which included 210 patients. Both aerobic and anaerobic bacteria were
isolated, with a slight predominance of anaerobes. Aerobes were
cultured 199 times with α-hemolytic streptococcal species (belonging to
viridans group streptococci) and Staphylococcus aureus being isolated
most commonly in 42% and 16% of all cases, respectively. Anaerobes
were cultured 243 times, with Prevotella, Fusobacterium, and Peptos
treptococcus species being the most commonly isolated.
The pulp testing literature search yielded 489 English abstracts. After
applying inclusion/exclusion criteria, only 7 studies were included for
analysis. One systematic review with meta-analysis reviewed the ma
jority of the literature on the topic [36] and numerous level 2 studies
demonstrated cold pulp testing as being most effective for detecting
pulpal necrosis, with diagnostic accuracy of 82–95% [23,36–41]. The
dental imaging search yielded 1819 English abstracts. After applying
inclusion/exclusion criteria, only 6 studies were included for analysis.
Table 5 demonstrates the accuracy of CBCT vs PAR for detecting PALs in
AP. Studies demonstrated that CBCT has superior sensitivity over PAR
for identifying PALs due to AP [27,42–46].

Frequency of
symptoms

Frequency of
nasal
endoscopy
findings

AD + PD 64%
NO 46%
FP 27%
Asympto 9%
NR

NR

FS 35%
AD 75%
PD 70%
NO 64%
FP 62%
HYP 30%
FS 44%
AD 72%
PD 62%
NO 62%
FP 57%
HYP 66%
Asympto 3%
FS 31%
AD 71%
NO 25%
FP 78%
HYP 18%

Pus 75%
Edema 43%
Polyps 16%

NR

Dental
pathologies

DI-related 25%
FB 3%
PAL, AP, radicular
cyst; frequencies
not reported

Extramaxillary
extension on sinus
CT

Ethmoid: 86%
Frontal: 33%

Post-RCTx/
extraction 72%
DI-related 31%
PAL 68%
OAF 32%

NR

Pus 87%
Edema 35%
Polyps 33%

PAL 67%
Perio 3%
OAF 30%

Ethmoid: 88%
Frontal: 60%

NR

PAL 38%
OAF 53%
DI-related 38%

Inclusion criteria
were ethmoid and
frontal disease

Ethmoid: 85%,
Frontal: 61%

4. Discussion
Diagnosing ODS often requires otolaryngologists to suspect an
odontogenic source of confirmed sinusitis, and dental providers to
confirm the odontogenic pathology.
4.1. Suspecting an odontogenic source of sinusitis
4.1.1. Symptoms and symptom duration
While there is a preponderance of sinonasal symptoms in ODS, few
studies reported the frequency of dental symptoms in ODS. Future
studies would be beneficial in determining the frequency of dental pain
in ODS, and which dental pathologies are more likely to cause pain.
Cardinal sinusitis symptoms [10] have all been reported in ODS var
iably, but with similar frequencies. However, foul smell may be more
specific for ODS. While studies demonstrated an overall 44% mean
prevalence of foul smell, frequencies varied substantially from 13 to
93%. Simuntis et al. showed in a prospective cohort study that foul smell
was present in 93% of ODS patients compared to 29% of rhinogenic
sinusitis patients (p < 0.001) [47], and it was the only sinonasal
symptom associated with ODS. Also of note, ODS patients were
asymptomatic in 1–47% of cases [4–6,48,49].
Regarding symptom duration, all reviewed studies reported chronic
sinonasal symptoms. Although prior studies have reported ODS as a
cause of acute sinusitis as well, they were excluded based on inclusion/
exclusion criteria [50,51]. ODS can also lead to orbital or intracranial
complications, predominantly in patients with acute symptoms [52,53].
Future studies are necessary to determine the frequency at which ODS
presents acutely, as well as the incidence of extrasinus complications.
4.1.2. Sinus CT findings
Numerous studies have reported ODS patients having partial to
complete maxillary sinus opacification in 70–100% of cases
[3–8,12,25,48,49,54–60]. Note that isolated maxillary sinus mucosal
thickening is highly prevalent in 45–100% of people with adjacent
maxillary dental pathology or prior dental procedures [61–67], but
these studies have not reported sinonasal symptoms or nasal endoscopy
5
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Table 3
Summary statistics on clinical variables derived from the review of odontogenic
sinusitis studies on clinical features. SD, standard deviation; IQR, interquartile
range; M/F, male/female; SNOT-22, 22-item sinonasal outcome test; CT,
computed tomography; OAF, oroantral fistula; RCTx, root canal therapy; DI,
dental implant.
Variables

Mean ± SD

Range

References

Study sample size

55 (28,
100.5)
(median,
IQR)
51.2 ± 3.9
M: 49.4 ±
10.8
F: 50.6 ±
10.8
88.2 ± 12.0
50.0 ± 21.7
6 (4.5,
18.5)
(median,
IQR)

21–315

All Table 1 studies

43–58
M:
33–67
F:
33–67
57–100
33–81
3–31

All Table 1 studies
All Table 1 studies except Melen
et al. 19863

44.0 ± 24.1
59.5 ± 27.0

13–93
16–100

5–8,25,30,47,54,57,70,76
4–7,12,30,54,57,70,76

49.2 ± 21.1

15–70

5,6,12,25,54,57

44.3 ± 17.0

19–64

5,6,25,49,54,70,76

46.7 ± 18.1
55.9 ± 26.2
40.5 ± 7.9
15 ± 18.7

30–66
16–100
29–47
1–47

6,54,57,76
4–7,12,25,30,48,49,54,57,70,76
5,8,25,30
4–6,48,49

Nasal endoscopy (%)
• Pus
75.3 ± 8.7
• Edema
32.3 ± 12.2
• Polyps
18.5 ± 9.8

66–87
19–43
12–33

6,48,54,70
6,54,70
3,6,54,70

Extramaxillary extent on CT (%)
• Ethmoid
68.6 ± 29.2
• Frontal
40.8 ± 22.3

19–88
7–61

6,8,12,49,54
6,8,12,49,54

16–95
3–50
10–53
30–48

3,4,6,8,25,54,55,57,59,70,76
3,4,6,8,25,57
3,4,6,48,54,55,57,59,70,76
4,12,48

Age (years)
Gender (%)

Unilateral (%)
SNOT-22
Symptom duration
(months)

Symptoms (%)
• Foul smell
• Anterior
drainage
• Posterior
drainage
• Nasal
obstruction
• Hyposmia
• Facial pain
• Dental pain
• Asymptomatic

Dental pathologies (%)
• Endodontic
n/a
• Periodontitis
n/a
• OAF
n/a
• Post-RCTx or
n/a
extractionrelated
• Dental implantn/a
related
• Foreign body
n/a

Table 4
Pooled frequencies of bacteria cultured from sinuses of odontogenic sinusitis
(ODS) patients across the 7 reviewed ODS microbiology studies (n = 210 pa
tients) [8,15,31–35]. Note that amongst aerobic bacteria, α -hemolytic strepto
cocci (viridans group) were highly prevalent in ODS, which included the
following species in addition to non-typable α-hemolytic streptococcus: Strep
tococcus intermedius, Microaerophilic streptococcus, Streptococcus constellatus,
Streptococcus anginosus, Streptococcus sanguinis, Streptococcus mitis, and possibly
Gemella morbillorum. Note that sinus commensal flora, including corynebacterial
and coagulase-negative staphylococci were excluded from these analyses.
Bacteria
Aerobic (Gram-Positive)
α-Hemolytic streptococcus (nontyped)
Streptococcus intermedius
Microaerophilic streptococcus
Streptococcus constellatus
Streptococcus anginosus
Streptococcus sanguinis
Streptococcus mitis
Gemella morbillorum
Streptococcus pneumoniae
β-Hemolytic streptococcus (nontyped)
Streptococcus Group A
Streptococcus Group F
Streptococcus Group G
Staphylococcus aureus
Staphylococcus lugdunensis
Enterococcus faecalis

3,8,15,25,48,49,54,55,59,60,75
47,54,56,76
6,8,15,47,49,54,56,57,59,70,76

2–38

4,12,48,59,60,75,76

2–28

48,55,57,59,70

findings. Therefore, CT scans demonstrating only maxillary sinus
mucosal thickening adjacent to maxillary dental pathology or prior
dental procedures may not represent bacterial ODS requiring
intervention.
ODS studies also showed frequent disease extension into the anterior
ethmoid and frontal sinuses. Studies have suggested relative sparing of
posterior ethmoid and sphenoid sinuses, although no reviewed study
directly compared ODS to non-odontogenic rhinosinusitis with regard to
CT-based disease extent.
Note that the majority of ODS cases due to endodontic disease
demonstrate overt periapical pathology on CT, such as a PAL. Despite
these findings usually being identifiable on CT, radiologists [6,25,55]
and otolaryngologists can overlook the dental pathology if the maxillary
dentition is not closely assessed. Conversely, some ODS patients with
maxillary sinus opacification on CT will have no overt dental pathology
radiographically. Pokorny and Tataryn showed that 36% of their ODS
patients with no obvious dental pathology on CT had pulpal necrosis on
endodontic testing [25]. Therefore, it is important for clinicians to
consider ODS if maxillary sinus opacification is identified on CT, even in

Isolates

Frequency amongst all 210
patients (%)

43

20.5

16
12
9
5
1
1
1
6
2

7.6
5.7
4.3
2.4
0.5
0.5
0.5
2.9
1

5
3
1
33
2
1

2.4
1.4
0.5
15.7
1
0.5

Aerobic (Gram-Negative)
Pseudomonas aeruginosa
Eikenella corrodens
Klebsiella spp.
Escherichia coli
Enterobacter aerogenes
Neisseria spp.
Haemophilus influenzae
Moraxella catarrhalis
Haemophilus parainfluenzae
Aggregatibacter aphrophilus
Serratia marcescens
Proteus mirabilis
Citrobacter koseri
Acinetobacter spp.
Total Aerobes

10
9
9
8
4
3
3
3
2
2
2
1
1
1
199

4.8
4.3
4.3
3.8
1.9
1.4
1.4
1.4
1
1
1
0.5
0.5
0.5
94.8

Anaerobic
Prevotella spp.
Fusobacterium spp.
Peptostreptococcus spp.
Porphyromonas spp.
Bacteroides spp.
Veillonella parvula
Propionibacterium acnes
Eubacterium spp.
Clostridium spp.
Actinomyces
Dialister pneumosintes
Mixed anaerobes (non-typed)
Total Anaerobes

62
46
44
21
17
11
9
4
2
1
1
25
243

29.5
21.9
21
10
8.1
5.2
4.3
1.9
1
0.5
0.5
11.9
115.7

the absence of dental pathology radiographically.
4.1.3. Nasal endoscopy findings
Few ODS studies have reported frequencies of middle meatal puru
lence, edema, or polyps. Three studies stated that 100% of patients had
endoscopic findings of infection, but did not specify precise endoscopic
findings [55,68,69]. Middle meatal purulence has been the most
commonly reported endoscopic finding in ODS, with four studies
reporting it in 66–88% of cases [6,48,54,70]. Also in those four studies,
middle meatal edema was reported in 34–43% of cases, and polyps in
12–34%. Costa et al. reported normal nasal endoscopies in 34% of their
6
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testing is widely available and has been shown to be most accurate for
detecting pulpal necrosis, so it should be considered the optimal pulp
test when assessing for an endodontic source of ODS. Prior endodontic
treatments must also be assessed for leakage, inadequate root canal
fillings, or untreated canal anatomy. While periapical disease may result
in positive examination findings (pain on percussion/biting or draining
fistula), frequently there will be no examination findings. Therefore,
high-quality imaging is essential for evaluating periapical disease.

Table 5
Review of studies on imaging modalities to detect periapical lesions (PAL) in the
setting of pulpal necrosis and apical periodontitis (AP). Cone-beam computed
tomography (CBCT) is more sensitive than periapical radiography (PAR) for
detecting PALs due to AP. Note that PALs were not detectable radiographically
in all cases by CBCT. There are multiple reasons that PALs may not be seen on
CBCT, such as in symptomatic AP when the disease has not progressed enough to
cause a PAL, or in cases where patients have absent periapical bone and no
expansile PAL can be identified.
Study

Study
design,
LOE

Sample
size

Mean
age
(years)

Dentition
evaluated

AP/PAL
detection by
CBCT vs PAR

Low et al.
2008 [27]

Retro
CS, 4

45 (74
teeth)

51

Posterior
Maxillary

Shahbazian
et al. 2015
[43]

Retro
CS, 4

145
(537
teeth)

52

Posterior
Maxillary

Estrela et al.
2008 [42]

Retro
CS, 4

50

Patel et al.
2012 [44]

Retro
CS, 4

Abella et al.
2014 [45]

Retro
CS, 4

Weissman
et al. 2015
[46]

Retro
CS, 4

888
(1508
teeth)
132
(151
teeth)
155
(161
teeth)
67 (67
teeth)

Maxillary
and
Mandibular
Maxillary
and
Mandibular
Maxillary
and
Mandibular
NR

- CBCT: 70%
- PAR: 46%
(p < 0.001)
- CBCT: 60%
more PALs
diagnosed
than with
PAR (p =
0.00)
- CBCT: 63%
- PAR: 35%
(p < 0.001)
- CBCT: 48%
- PAR: 20%
(p < 0.02)
- CBCT: 58%
- PAR: 39%
(p < 0.05)
- CBCT: 79%
- PAR: 57%
(p < 0.001)

45
47
NR

4.2.2. Periapical imaging
Routine bitewing dental x-rays do not evaluate tooth apices, so they
have high false negative rates for detecting periapical disease [3,8], and
should not be utilized when evaluating ODS. PAR is one possible im
aging modality for identifying periapical disease in ODS patients. Un
fortunately, PAR only provides 2D imaging of the posterior maxilla, so
PALs and sinus mucosal disease can be obscured by superimposition of
neighboring bony anatomy onto the dental roots, such as the zygomatic
and palatine bones, maxillary sinus cortical floor, and the buccal cortex
(Fig. 3) [13,27].
CBCT significantly improves detection of PALs compared to PAR
[27,42–46]. However, PALs are not always detectable on CT, and the
absence of periapical pathology on CT does not rule out an endodontic
source of sinusitis. There are two important reasons for this. First,
symptomatic AP initially may not demonstrate a PAL radiographically
[27,45]. AP progression over time is more likely to cause a PAL, despite
frequently becoming asymptomatic. Second, if periapical bone is absent
over maxillary tooth roots protruding into sinus mucosa, AP may not
generate radiographically-evident PALs (Fig. 4) [25,26]. If periapical
pathology is not seen on imaging, clinical endodontic testing is the only
means by which to diagnose endodontic pathology.
Another important scenario is when patients have sinusitis and prior
endodontic therapy. Clinical pulp testing will be negative, and the only
finding that could suggest an endodontic source would be imaging
demonstrating a PAL. If no PAL is seen on imaging in that situation,
careful serial examinations of the endodontically treated tooth must be
performed.
There were some limitations to this review. First, only endodontic
pathology was considered with regard to dental evaluations. While there
are various other causes of ODS, endodontic pathology is one of the most
common, and its evaluation is more challenging. Periodontitis causing
ODS has been reported in the literature, though it is less common than
endodontic conditions and OAF. Periodontitis is diagnosed through
gingival exam, probing, assessment of PDL stability, and imaging [72].
OAF is another common cause of ODS, but is recognizable on CT and
confirmed on oral exam. Another limitation was that histopathology of
ODS was not reviewed. This was due to the paucity of studies to
compare, as well as the variability in histopathologic data reported in
those studies [73,74]. Another limitation of this review relates to the
majority of reviewed ODS studies being retrospective series with vari
able reporting of the clinical features of interest. Therefore the clinical
and microbiological summaries in Tables 2 and 3 are literature-based
approximations, but are not necessarily precise reflections of ODS clin
ical presentations. However, this review provided the most complete
assessment of ODS clinical features to date, and awareness of these
features should facilitate clinicians’ recognition of ODS.

98 ODS patients, which were more likely in asymptomatic patients [48].
More studies are needed to determine the frequencies of endoscopic
findings and how they correlate with dental pathologies, sinonasal
symptoms, and disease extents on sinus CT.
4.1.4. Sinus cultures
Sinus cultures in ODS commonly revealed anaerobes, with an
average of 1.15 anaerobes per patient. Amongst aerobic bacteria,
α-hemolytic streptococcal species from the viridans group were espe
cially prevalent. Due to small study sample sizes, heterogeneous
methods for culture acquisition and processing, relative lack of com
parison to non-odontogenic rhinosinusitis groups, and variability in
reporting of bacterial speciation, it is difficult to conclude how accu
rately sinus cultures predict an odontogenic source of sinusitis. How
ever, some recent studies have shown certain bacteria being associated
with ODS compared to CRS. Yassin-Kassab et al. compared sinus cultures
between 62 ODS and 90 CRS patients, and showed the following bacteria
to be strongly associated with ODS: Fusobacterium spp., Eikenella corro
dens, and multiple streptococcal species belonging to the Streptococcus
anginosus group (subset of viridans group streptococci) [34]. Similarly,
Haider et al. showed via high throughput DNA sequencing of 7 ODS
patients compared to 135 CRS patients that various oral anaerobes and
streptococcal bacteria were predictive of ODS [71]. Based on these
findings, it may be beneficial for clinicians to request complete specia
tion of culture results to determine whether the organisms are more
likely odontogenic or sinogenic in origin.
Lastly, not all ODS cultures grow odontogenic or oral organisms, and
therefore sinus cultures are not 100% diagnostic of ODS. Clinicians must
consider patients’ other clinical and radiographic findings when evalu
ating for ODS, and refer patients to dental providers accordingly.

5. Conclusion
Diagnosing ODS due to endodontic disease requires collaboration
between otolaryngologists and dental specialists. Otolaryngologists
should suspect ODS when patients present with unilateral sinonasal
symptoms, especially foul smell, and purulence on nasal endoscopy.
Patients will generally have sinus opacification and overt PALs on CT
scans. However, some ODS patients may be asymptomatic, or have no
PALs on CT. Anaerobic bacteria and α-streptococci (viridans group) are
highly prevalent in ODS. For suspected endodontic disease, at least cold

4.2. Confirming an odontogenic source of sinusitis
4.2.1. Endodontic clinical testing
Clinical pulp testing is essential when evaluating ODS. Cold pulp
7
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Fig. 3. Side-by-side comparison in the same patient of A, periapical radiography (PAR) and B, cone-beam computed tomography (CBCT) scans in detecting periapical
pathology of a maxillary molar (red asterisks) in the setting of right-sided odontogenic sinusitis. Note that the periapical lesion on the right maxillary molar root seen
on CBCT is not visible on the PAR due to superimposition of the zygomatic bone over the tooth roots (red arrows). CBCT is superior to PAR at detecting periapical
pathology. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

CRediT authorship contribution statement
All authors had full access to all the data in the study and take re
sponsibility for the integrity of the data and the accuracy of the data
analysis. Study concept and design: Craig and Tataryn. Data acquisition:
Craig, Tataryn, Cha, Bhargava, Pokorny, Gray, Mattos, Poetker. Analysis
and interpretation of data: Craig, Tataryn, Poetker. Drafting of the
manuscript: Craig, Tataryn, Poetker. Critical revision of the manuscript
for important intellectual content: Craig, Tataryn, Cha, Bhargava,
Pokorny, Gray, Mattos, Poetker. Administrative, technical, and material
support: Craig.
Funding sources
None.
Declaration of competing interest
None.
Acknowledgements
The authors would like to acknowledge Natalie Craig, graphic
designer, for her assistance in formatting the digital images used as
figures in this manuscript, as well as Stephanie Stebens (librarian) for
her assistance with the literature searches.
References
[1] Craig JR, Tataryn RW, Aghaloo TL, et al. Management of odontogenic sinusitis:
multidisciplinary consensus statement. Int Forum Allergy Rhinol. 2020;10:901–12.
[2] Albu S, Baciut M. Failures in endoscopic surgery of the maxillary sinus. Otolaryngol
Head Neck Surg 2010;142(2):196–201.
[3] Melen I, Lindahl L, Andreasson L, Rundcrantz H. Chronic maxillary sinusitis.
Definition, diagnosis and relation to dental infections and nasal polyposis. Acta
Otolaryngol 1986;101(3–4):320–7.
[4] Troeltzsch M, Pache C, Troeltzsch M, et al. Etiology and clinical characteristics of
symptomatic unilateral maxillary sinusitis: a review of 174 cases. Journal of
cranio-maxillo-facial surgery : official publication of the European Association for
Cranio-Maxillo-Facial Surgery. 2015;43(8):1522–9.
[5] Matsumoto Y, Ikeda T, Yokoi H, Kohno N. Association between odontogenic
infections and unilateral sinus opacification. Auris Nasus Larynx 2015;42(4):
288–93.
[6] Turfe Z, Ahmad A, Peterson EI, Craig JR. Odontogenic sinusitis is a common cause
of unilateral sinus disease with maxillary sinus opacification. Int Forum Allergy
Rhinol. 2019;9(12):1515–20.

Fig. 4. Sinus computed tomography example of odontogenic sinusitis due to
apical periodontitis from pulpal necrosis. Note that there is no identifiable
periapical lesion due to there being an absence of alveolar periapical bone over
the maxillary molar roots (red arrow). (For interpretation of the references to
colour in this figure legend, the reader is referred to the web version of
this article.)

pulp testing, and ideally CBCT should be performed. Higher levels of
evidence are necessary to optimize a multidisciplinary approach to
diagnosing ODS of endodontic origin.

8

Downloaded for Anonymous User (n/a) at Henry Ford Hospital / Henry Ford Health System (CS North America) from ClinicalKey.com by Elsevier on March 05, 2021.
For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.

J.R. Craig et al.

American Journal of Otolaryngology–Head and Neck Medicine and Surgery 42 (2021) 102925

[7] Ly D, Hellgren J. Is dental evaluation considered in unilateral maxillary sinusitis? A
retrospective case series. Acta Odontol Scand 2018;76(8):600–4.
[8] Longhini AB, Ferguson BJ. Clinical aspects of odontogenic maxillary sinusitis: a
case series. Int Forum Allergy Rhinol 2011;1(5):409–15.
[9] Orlandi RR, Kingdom TT, Hwang PH, et al. International consensus statement on
allergy and rhinology: rhinosinusitis. Int Forum Allergy Rhinol. 2016;6(Suppl. 1):
S22–209.
[10] Rosenfeld RM, Piccirillo JF, Chandrasekhar SS, et al. Clinical practice guideline
(update): adult sinusitis. Otolaryngol Head Neck Surg 2015;152(2 Suppl):S1–39.
[11] Fokkens WJ, Lund VJ, Hopkins C, et al. European position paper on rhinosinusitis
and nasal polyps 2020. Rhinology 2020;58(Suppl S29):1–464.
[12] Lee KC, Lee SJ. Clinical features and treatments of odontogenic sinusitis. Yonsei
Med J 2010;51(6):932–7.
[13] Tataryn RW, Lewis MJ, Horalek AL, et al. Maxillary sinusitis of endodontic origin:
AAE position statement. Available from: https://www.aae.org/specialty/wp-cont
ent/uploads/sites/2/2018/04/AAE_PositionStatement_MaxillarySinusitis.pdf.
Accessed May 11, 2020.
[14] Taschieri S, Torretta S, Corbella S, et al. Pathophysiology of sinusitis of
odontogenic origin. Journal of investigative and clinical dentistry 2017;8(2).
[15] Zirk M, Dreiseidler T, Pohl M, et al. Odontogenic sinusitis maxillaris: a
retrospective study of 121 cases with surgical intervention. Journal of craniomaxillo-facial surgery : official publication of the European Association for CranioMaxillo-Facial Surgery. 2017;45(4):520–5.
[16] Lechien JR, Filleul O, Costa de Araujo P, et al. Chronic maxillary rhinosinusitis of
dental origin: a systematic review of 674 patient cases. International journal of
otolaryngology 2014;2014:465173.
[17] Persoon IF, Ozok AR. Definitions and epidemiology of endodontic infections. Curr
Oral Health Rep 2017;4(4):278–85.
[18] Levin LG, Law AS, Holland GR, et al. Identify and define all diagnostic terms for
pulpal health and disease states. J Endod 2009;35(12):1645–57.
[19] Gutmann JL, Baumgartner JC, Gluskin AH, et al. Identify and define all diagnostic
terms for periapical/periradicular health and disease states. J Endod 2009;35(12):
1658–74.
[20] Metzger Z, Itzhak Abramovitz I, Bergenholtz G. Apical periodontitis. In:
Bergenholtz G, Horsted-Blindslev P, Reit C, editors. Textbook of endodontology.
2nd ed. Hoboken, NJ: Wiley-Blackwell; 2013. p. 113–27.
[21] Yoshino K, Ito K, Kuroda M, Sugihara N. Prevalence of vertical root fracture as the
reason for tooth extraction in dental clinics. Clin Oral Investig 2015;19(6):1405–9.
[22] Popescu SM, Diaconu OA, Scrieciu M, et al. Root fractures: epidemiological,
clinical and radiographic aspects. Rom J Morphol Embryol 2017;58(2):501–6.
[23] Jespersen JJ, Hellstein J, Williamson A, et al. Evaluation of dental pulp sensibility
tests in a clinical setting. J Endod 2014;40(3):351–4.
[24] Mehra P, Murad H. Maxillary sinus disease of odontogenic origin. Otolaryngol Clin
North Am 2004;37(2):347–64.
[25] Pokorny A, Tataryn R. Clinical and radiologic findings in a case series of maxillary
sinusitis of dental origin. Int Forum Allergy Rhinol. 2013;3(12):973–9.
[26] McCarty JL, David RM, Lensing SY, et al. Root cause analysis: an examination of
odontogenic origins of acute maxillary sinusitis in both immunocompetent &
immunocompromised patients. J Comput Assist Tomogr 2017;41(3):484–8.
[27] Low KM, Dula K, Burgin W, von Arx T. Comparison of periapical radiography and
limited cone-beam tomography in posterior maxillary teeth referred for apical
surgery. J Endod 2008;34(5):557–62.
[28] American Association of Endodontists. Treatment standards. Available at:
https://www.aae.org/specialty/wp-content/uploads/sites/2/2018/04/Treatmen
tStandards_Whitepaper.pdf. Accessed May 11, 2020.
[29] Oxford Centre for Evidence-based Medicine. Oxford Centre for Evidence-based
Medicine – levels of evidence. Available at: https://www.cebm.net/2009/06/
oxford-centre-evidence-based-medicine; March 2009. Accessed November, 2019.
[30] Mattos JL, Ferguson BJ, Lee S. Predictive factors in patients undergoing endoscopic
sinus surgery for odontogenic sinusitis. Int Forum Allergy Rhinol. 2016;6(7):
697–700.
[31] Brook I. Microbiology of acute and chronic maxillary sinusitis associated with an
odontogenic origin. Laryngoscope. 2005;115(5):823–5.
[32] Puglisi S, Privitera S, Maiolino L, et al. Bacteriological findings and antimicrobial
resistance in odontogenic and non-odontogenic chronic maxillary sinusitis. J Med
Microbiol 2011;60(Pt 9):1353–9.
[33] Saibene AM, Vassena C, Pipolo C, et al. Odontogenic and rhinogenic chronic
sinusitis: a modern microbiological comparison. Int Forum Allergy Rhinol. 2016;6
(1):41–5.
[34] Yassin-Kassab ABP, Tibbetts RJ, Griggs ZH, Peterson EI, Craig JR. Comparison of
bacterial maxillary sinus cultures between odontogenic sinusitis and chronic
rhinosinusitis. Int Forum of Allergy Rhinol 2020;11:40–7.
[35] Brook I. Microbiology of acute sinusitis of odontogenic origin presenting with
periorbital cellulitis in children. Ann Otol Rhinol Laryngol 2007;116(5):386–8.
[36] Mainkar A, Kim SG. Diagnostic accuracy of 5 dental pulp tests: a systematic review
and meta-analysis. J Endod 2018;44(5):694–702.
[37] Pigg M, Nixdorf DR, Nguyen RH, et al. Validity of preoperative clinical findings to
identify dental pulp status: a National Dental Practice-Based Research Network
Study. J Endod 2016;42(6):935–42.
[38] Petersson K, Soderstrom C, Kiani-Anaraki M, Levy G. Evaluation of the ability of
thermal and electrical tests to register pulp vitality. Endod Dent Traumatol 1999;
15(3):127–31.
[39] Gopikrishna V, Tinagupta K, Kandaswamy D. Evaluation of efficacy of a new
custom-made pulse oximeter dental probe in comparison with the electrical and
thermal tests for assessing pulp vitality. J Endod 2007;33(4):411–4.

[40] Villa-Chavez CE, Patino-Marin N, Loyola-Rodriguez JP, et al. Predictive values of
thermal and electrical dental pulp tests: a clinical study. J Endod 2013;39(8):
965–9.
[41] Weisleder R, Yamauchi S, Caplan DJ, et al. The validity of pulp testing: a clinical
study. J Am Dent Assoc 2009;140(8):1013–7.
[42] Estrela C, Bueno MR, Leles CR, et al. Accuracy of cone beam computed tomography
and panoramic and periapical radiography for detection of apical periodontitis.
J Endod 2008;34(3):273–9.
[43] Shahbazian M, Vandewoude C, Wyatt J, Jacobs R. Comparative assessment of
periapical radiography and CBCT imaging for radiodiagnostics in the posterior
maxilla. Odontology. 2015;103(1):97–104.
[44] Patel S, Wilson R, Dawood A, Mannocci F. The detection of periapical pathosis
using periapical radiography and cone beam computed tomography - part 1: preoperative status. Int Endod J 2012;45(8):702–10.
[45] Abella F, Patel S, Duran-Sindreu F, et al. An evaluation of the periapical status of
teeth with necrotic pulps using periapical radiography and cone-beam computed
tomography. Int Endod J 2014;47(4):387–96.
[46] Weissman J, Johnson JD, Anderson M, et al. Association between the presence of
apical periodontitis and clinical symptoms in endodontic patients using cone-beam
computed tomography and periapical radiographs. J Endod 2015;41(11):1824–9.
[47] Simuntis R, Vaitkus J, Kubilius R, et al. Comparison of sino-nasal outcome test 22
symptom scores in rhinogenic and odontogenic sinusitis. Am J Rhinol Allergy
2019;33(1):44–50.
[48] Costa F, Emanuelli E, Franz L, et al. Single-step surgical treatment of odontogenic
maxillary sinusitis: a retrospective study of 98 cases. Journal of cranio-maxillofacial surgery : official publication of the European Association for Cranio-MaxilloFacial Surgery 2019;47(8):1249–54.
[49] Akiyama K, Nakai Y, Samukawa Y, et al. Assessment of simultaneous surgery for
odontogenic sinusitis: endoscopic sinus surgery with endoscopic apicoectomy.
J Craniofac Surg 2019;30(1):239–43.
[50] Wuokko-Landen A, Blomgren K, Valimaa H. Acute rhinosinusitis - are we forgetting
the possibility of a dental origin? A retrospective study of 385 patients. Acta
Otolaryngol 2019;139(9):783–7.
[51] Bomeli SR, Branstetter Bft, Ferguson BJ. Frequency of a dental source for acute
maxillary sinusitis. Laryngoscope. 2009;119(3):580–4.
[52] Eufinger H, Machtens E. Purulent pansinusitis, orbital cellulitis and rhinogenic
intracranial complications. Journal of cranio-maxillo-facial surgery : official
publication of the European Association for Cranio-Maxillo-Facial Surgery. 2001;
29(2):111–7.
[53] Brook I. Microbiology of intracranial abscesses associated with sinusitis of
odontogenic origin. Ann Otol Rhinol Laryngol 2006;115(12):917–20.
[54] Craig JR, McHugh CI, Griggs ZH, Peterson EI. Optimal timing of endoscopic sinus
surgery for odontogenic sinusitis. Laryngoscope. 2019;129(9):1976–83.
[55] Wang KL, Nichols BG, Poetker DM, Loehrl TA. Odontogenic sinusitis: a case series
studying diagnosis and management. Int Forum Allergy Rhinol. 2015;5(7):
597–601.
[56] Gaudin RA, Hoehle LP, Smeets R, et al. Impact of odontogenic chronic
rhinosinusitis on general health-related quality of life. Eur Arch Otorhinolaryngol
2018;275(6):1477–82.
[57] Ungar OJ, Yafit D, Kleinman S, et al. Odontogenic sinusitis involving the frontal
sinus: is middle meatal antrostomy enough? Eur Arch Otorhinolaryngol 2018;275
(9):2291–5.
[58] Chen YW, Huang CC, Chang PH, et al. The characteristics and new treatment
paradigm of dental implant-related chronic rhinosinusitis. Am J Rhinol Allergy
2013;27(3):237–44.
[59] Crovetto-Martinez R, Martin-Arregui FJ, Zabala-Lopez-de-Maturana A, et al.
Frequency of the odontogenic maxillary sinusitis extended to the anterior ethmoid
sinus and response to surgical treatment. Medicina oral, patologia oral y cirugia
bucal. 2014;19(4):e409–13.
[60] Saibene AM, Pipolo GC, Lozza P, et al. Redefining boundaries in odontogenic
sinusitis: a retrospective evaluation of extramaxillary involvement in 315 patients.
Int Forum Allergy Rhinol. 2014;4(12):1020–3.
[61] Connor SE, Chavda SV, Pahor AL. Computed tomography evidence of dental
restoration as aetiological factor for maxillary sinusitis. J Laryngol Otol 2000;114
(7):510–3.
[62] Nascimento EH, Pontual ML, Pontual AA, et al. Association between odontogenic
conditions and maxillary sinus disease: a study using cone-beam computed
tomography. J Endod 2016;42(10):1509–15.
[63] Goller-Bulut D, Sekerci AE, Kose E, Sisman Y. Cone beam computed tomographic
analysis of maxillary premolars and molars to detect the relationship between
periapical and marginal bone loss and mucosal thickness of maxillary sinus.
Medicina oral, patologia oral y cirugia bucal 2015;20(5):e572–9.
[64] Shanbhag S, Karnik P, Shirke P, Shanbhag V. Association between periapical
lesions and maxillary sinus mucosal thickening: a retrospective cone-beam
computed tomographic study. J Endod 2013;39(7):853–7.
[65] Lu Y, Liu Z, Zhang L, et al. Associations between maxillary sinus mucosal
thickening and apical periodontitis using cone-beam computed tomography
scanning: a retrospective study. J Endod 2012;38(8):1069–74.
[66] Brullmann DD, Schmidtmann I, Hornstein S, Schulze RK. Correlation of cone beam
computed tomography (CBCT) findings in the maxillary sinus with dental
diagnoses: a retrospective cross-sectional study. Clin Oral Investig 2012;16(4):
1023–9.
[67] Aksoy U, Orhan K. Association between odontogenic conditions and maxillary
sinus mucosal thickening: a retrospective CBCT study. Clin Oral Investig 2019;23
(1):123–31.

9

Downloaded for Anonymous User (n/a) at Henry Ford Hospital / Henry Ford Health System (CS North America) from ClinicalKey.com by Elsevier on March 05, 2021.
For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.

J.R. Craig et al.

American Journal of Otolaryngology–Head and Neck Medicine and Surgery 42 (2021) 102925

[68] de Lima CO, Devito KL, Baraky Vasconcelos LR, et al. Correlation between
endodontic infection and periodontal disease and their association with chronic
sinusitis: a clinical-tomographic study. J Endod 2017;43(12):1978–83.
[69] Kim SJ, Park JS, Kim HT, et al. Clinical features and treatment outcomes of dental
implant-related paranasal sinusitis: a 2-year prospective observational study. Clin
Oral Implants Res 2016;27(11):e100–4.
[70] Hoskison E, Daniel M, Rowson JE, Jones NS. Evidence of an increase in the
incidence of odontogenic sinusitis over the last decade in the UK. J Laryngol Otol
2012;126(1):43–6.
[71] Haider AA, Marino MJ, Yao WC, et al. The potential of high-throughput DNA
sequencing of the paranasal sinus microbiome in diagnosing odontogenic sinusitis.
Otolaryngol Head Neck Surg 2019;161(6):1043–7.
[72] American Academy of Periodontology. Comprehensive periodontal therapy: a
statement by the American Academy of Periodontology*. J Periodontol 2011;82
(7):943–9.

[73] Raman A, Papagiannopoulos P, Kuhar HN, et al. Histopathologic features of
chronic sinusitis precipitated by odontogenic infection. Am J Rhinol Allergy 2019;
33(2):113–20.
[74] Moskow BS. A histomorphologic study of the effects of periodontal inflammation
on the maxillary sinus mucosa. J Periodontol 1992;63(8):674–81.
[75] Saibene AM, Collura F, Pipolo C, et al. Odontogenic rhinosinusitis and sinonasal
complications of dental disease or treatment: prospective validation of a
classification and treatment protocol. Eur Arch Otorhinolaryngol 2019;276(2):
401–6.
[76] Safadi A, Kleinman S, Oz I, et al. Questioning the justification of frontal sinusotomy
for odontogenic sinusitis. Journal of oral and maxillofacial surgery : official journal
of the American Association of Oral and Maxillofacial Surgeons 2020;78(5):
762–70.

10

Downloaded for Anonymous User (n/a) at Henry Ford Hospital / Henry Ford Health System (CS North America) from ClinicalKey.com by Elsevier on March 05, 2021.
For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.

