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Abstract: Several studies have shown that in recent years incidence of acute otitis media (AOM)
has declined worldwide. However, related medical, social, and economic problems for patients,
their families, and society remain very high. Better knowledge of potential risk factors for AOM
development and more effective preventive interventions, particularly in AOM-prone children, can
further reduce disease incidence. However, a more accurate AOM diagnosis seems essential to
achieve this goal. Diagnostic uncertainty is common, and to avoid risks related to a disease caused
mainly by bacteria, several children without AOM are treated with antibiotics and followed as true
AOM cases. The main objective of this manuscript is to discuss the most common difficulties that
presently limit accurate AOM diagnosis and the new approaches and technologies that have been
proposed to improve disease detection. We showed that misdiagnosis can be dangerous or lead to
relevant therapeutic mistakes. The need to improve AOM diagnosis has allowed the identification of
a long list of technologies to visualize and evaluate the tympanic membrane and to assess middle-ear
effusion. Most of the new instruments, including light field otoscopy, optical coherence tomography,
low-coherence interferometry, and Raman spectroscopy, are far from being introduced in clinical
practice. Video-otoscopy can be effective, especially when it is used in association with telemedicine,
parents’ cooperation, and artificial intelligence. Introduction of otologic telemedicine and use of
artificial intelligence among pediatricians and ENT specialists must be strongly promoted in order to
reduce mistakes in AOM diagnosis.

Keywords: acute otitis media; artificial intelligence; smartphone otoscopy; telemedical otoscopic
examination; video-otoscopy

1. Background

Acute otitis media (AOM) is mainly a bacterial disease, although an acute viral
upper-respiratory tract infection, including that due to SARS-CoV-2 [1], often precedes
the development of the signs and symptoms of disease in most cases [2]. This explains
why, when strong containment measures on the circulation of respiratory viruses are imple-
mented, as recently occurred during the coronavirus disease 2019 (COVID-19) pandemic,
the incidence rate of AOM reduces [3]. Streptococcus pneumoniae, nontypeable Haemophilus
influenzae, Moraxella catarrhalis, and Streptococcus pyogenes are the most common bacterial
pathogens that cause AOM [2]. Several studies have shown that in recent years, even
outside the pandemic period, incidence of AOM has declined worldwide [4–6]. In the USA,
between 2011 and 2016 the annual incidence of AOM in children aged 0–9 years was re-
duced by about 25% [7]. Advances in antibiotic treatment strategies, widespread adoption
of potentially effective preventive measures, and greater adherence to scientific society
guidelines may have contributed to the achievement of these reductions [8]. However,
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incidence of AOM and its related medical, social, and economic problems for patients, their
families, and society remain very high. By 3 years of age, 60% of children have suffered
≥1 episode and 24% ≥3 episodes, making AOM the most common cause of antibiotic use
in the pediatric age-group [9].

Better knowledge of potential risk factors for AOM development and more effective
preventive interventions, particularly in AOM-prone children, can further reduce disease
incidence. However, a more accurate AOM diagnosis seems essential to achieving this goal.
Diagnosis of AOM using clinical criteria and standard instruments remains challenging [2].
Diagnostic uncertainty is common, and to avoid risks related to a disease mainly caused by
bacteria, several children without AOM are treated with antibiotics and followed as true
AOM cases [2]. Excessive antibiotic prescription, increased prevalence of antimicrobial
resistance, unnecessary tympanostomy tube procedures, excess days off school for children
and work for parents, and relevant reduction in quality of life for all the family are the
most important consequences of misdiagnosis [5,10–14].

To face all the mentioned problems, a different approach to AOM diagnosis has
been advocated by several scientific societies. Artificial intelligence has been used to
train computer software in otoscopic images of the TM improving diagnostic accuracy
by pediatricians and extending child evaluation to parents. New devices that are more
effective in defining tympanic-membrane (TM) modifications and evidence of middle-ear
effusion (MEE) have been developed [15–17]. The main objective of this manuscript is to
discuss the most common difficulties that presently limit accurate AOM diagnosis and the
new approaches and technologies that have been proposed to improve disease detection.

2. Currently Used Methods to Diagnose Acute Otitis Media (AOM)

Official national guidelines uniformly indicate that AOM diagnosis can be made only
when the following criteria are simultaneously present: (1) acute onset of otalgia or, in
preverbal children, symptoms suggesting ear pain, such as tugging, rubbing, or holding
the ear, with or without fever; (2) signs of TM inflammation, featuring as intense erythema
or yellow color of the eardrum; and (3) presence of MEE, which can appear as bulging of
the TM or otorrhoea, or is strongly supposed on the basis of greatly reduced/absence of
mobility of the eardrum [14,17–19]. Figure 1 shows the TM of a 2-year-old child with a
confirmed diagnosis of AOM.
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Figure 1. Tympanic membrane with intense erythema and bulging in a 2-year-old child with ear pain
and fever.

Neither systemic nor ear-specific symptoms are sensitive or specific enough in the
diagnosis of AOM. Otalgia can be lacking in 35% of older children and in 50% of those
<2 years [20]. Infant’s behavior may be incorrectly interpreted by parents [21,22]. Fever is
reported only in about 50% of the AOM episodes [23,24].
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Evaluation of TM inflammation and presence of MME is not easy and, even when
possible, does not always allows a correct diagnosis. Problems include the characteristics of
the current instrument used to visualize the TM, the physician’s ability, and the sensitivity
and specificity of ear findings. In emergency rooms and in office pediatric and general
practitioner practice, to evaluate TM inflammation, bulging or perforation, a standard
otoscope is generally used. This is a monocular device that provides only a two-dimensional
view of the ear canal and does not allow evaluation of eardrum mobility or definition of
AOM etiology. Moreover, the visualization of MT can be difficult or incomplete for at
least two reasons. Lightning can be inadequate as physicians can pay poor attention to
battery charge or bulb efficiency. A study has shown that approximately 30% of physicians
exchange the otoscope bulbs less often than recommended, and 30% of otoscopes do not
have adequate lighting capacity [25]. In addition, the ear canal can be partially or totally
blocked by cerumen (Figure 2).
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Figure 2. Ear canal partially blocked by cerumen in a 3-year-old child.

Visualization of the whole TM, including light reflex, ossicles, and mobility, requires
that more than 75% of the ear canal diameter must be free [26]. More than 70% of children
have cerumen and, among these, more than 40% have an ear canal obstruction ≥50%.
Unfortunately, the attitude of pediatricians towards cerumen removal seems very poor,
frequently leading to diagnosis based on criteria different from those recommended as
cerumen was not adequately removed [27].

However, even when TM characteristics can be adequately evaluated, results can
leave doubts. TM findings are not sufficiently specific and sensitive for AOM diagnosis.
Intense erythema or yellow color of the TM are not detected in about 20% of children
with true AOM. On the contrary, a slightly red TM is common in children with upper
respiratory tract infection without true ear involvement [28]. Moreover, in a crying child
the TM can be mistaken for AOM because of the presence of erythema or dilation of TM
vessels [29]. Compared to tympanocentesis, membrane bulging suggested by means of
standard otoscopy has high specificity (up to 97%) but poor sensitivity (51%).

To improve efficiency of standard otoscopic examination, otomicroscopy was intro-
duced. It shows an enlarged view and binocular viewing, which permits depth perception,
complete evaluation of the TM and, when needed, an easier removal of cerumen. In detec-
tion of MEE, otomicroscopy was found superior to standard otoscopy as sensitivity and
specificity were 87–91% and 89–93%, respectively [30,31]. However, the otomicroscope has
some limitations which, although easily overcome by otolaryngologists especially in the
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surgical setting, make it difficult for pediatricians and general practitioners to use it in their
daily outpatient practice. It is a very expensive machine, has important space limitations,
does not permit an etiological diagnosis, and to be used without significant misdiagnoses
requires accurate training.

The reference method to detect MEE is tympanocentesis, that allows not only the
evaluation of the presence of MEE but also its characteristics, differentiating true AOM
from otitis media with effusion (OME). Figure 3 shows the TM of a 1-year-old child with a
diagnosis of OME.
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Figure 3. Tympanic membrane with middle-ear effusion but without signs of acute inflammation in
a 1-year-old child.

Moreover, it assures culture of MEE and susceptibility testing of isolates so allowing
adequate antibiotic treatment. This explains why tympanocentesis has been recommended
to guide the choice of antibiotics in difficult AOM episodes [32,33] and the Centers for
Disease Control and Prevention of the USA have informed that clinicians should consider
developing the capacity to perform tympanocentesis [33]. Unfortunately, tympanocentisis
is an invasive method that cannot be used in the primary-care setting. It requires skill
and training, involves the presence of a nurse, is a time-consuming procedure, and is not
viewed with high favor by parents. CIt remains an option only for studies comparing
different methods to diagnose AOM, for clinical trials evaluating antibiotic efficacy, and
for children requiring precise identification of AOM etiology, i.e., those with recurrent
episodes, or at high risk for severe outcome, such as neonates or immunocompromised
patients. On the other hand, it can be performed only when a bulging TM is documented
and remains a method that must accompany TM examination through otoscopy [34].

To overcome limitations of standard otoscopy in MEE detection, a series of instru-
ments such as the pneumatic otoscope (PO), tympanometer (TP), and acoustic reflectometer
(AR) have been developed over recent years. The PO allows evaluation of the TM optical
characteristics exactly as standard otoscopy, but it is significantly more effective in the
assessment of MEE. PO measures TM mobility through the deflection of the TM under
pressure revealing presence of fluid behind the TM when the deflection is scarce or com-
pletely absent. Compared to standard otoscopy, PO has shown improvement in sensitivity
and specificity for AOM diagnosis of 24% and 42%, respectively [35]. For these reasons,
PO is indicated by most official national guidelines as the simplest and the most effective
method to diagnose OMA in everyday practice, particularly in outpatient setting [14,17–19].
However, in routine office practice it has several problems that limit its use. PO is difficult
to perform especially in younger children because of the narrow ear canal and tendency to
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wriggle [36]. Despite being more effective than standard otoscopy for MEE detection, PO
does not allow identification of the type of MEE and, consequently, it does not distinguish
AOM from OME and does not give information on the most appropriate antibiotic therapy,
if needed. Moreover, it is a subjective evaluation that is based on the experience of the
operator [37] and requires extensive training or extended practice to lead to satisfactory
results [38,39]. A previous study showed that the sensitivity and specificity to diagnose
MEE increased from 58% to 67% and from 78% to 81%, respectively, according to the level
of physician experience [40]. All these findings explain why pediatricians and general prac-
titioners use PO very little. A survey carried out among family-medicine residents reported
an occasional use by 66% and consistent use by only 15% [41]. Among pediatricians, an
American study showed that only 21% of physicians always used PO and 42% never used
it [42]. A recent Italian evaluation confirmed these findings, showing that primary-care
pediatricians routinely used PO only in 9.6% of the suspected AOM cases [43].

TP and AR can help physicians in the identification of MEE although they do not give
any information on the TM visual status and, therefore, can only be used in association with
otoscopy. Moreover, TP, as PO, does not allow evaluation of the type of fluid present behind
the TM and does not differentiate AOM from OME. TP evaluates variations in acoustic
impedance of the TM/middle-ear system with air pressure variations in the ear channel
and has the advantage of not being influenced by cerumen unless it occupies more than half
of the ear canal diameter [44]. Tympanometry has the disadvantage of requiring an airtight
seal in the ear canal, and the accuracy of the results is thus affected by the cooperation
of the child [45]. Tympanogram tracings are classified as type A (normal), type B (flat,
clearly abnormal), and type C (showing a significantly negative pressure in the middle ear,
possibly suggestive of pathology). Moreover, type C tracings can be further differentiated
in C1, C2, and Cs according to the risk of MEE presence. As many children, even among
asymptomatics, have a type C curve, this means that TR can be frequently useful only when
associated with other findings, but by itself it is frequently an imprecise estimate of middle-
ear pressure and does not have high sensitivity or specificity for middle-ear diseases. This
explains why study results vary according to the type of instrument and the pressure of
the air, and the tympanogram is considered abnormal. Using only type B tympanograms
as abnormal, the TP was found to have sensitivity of 80.9% (95% confidence intervals (CI):
76.1–85.7) and specificity 74.5% (95% CI: 66.9–82.0). When both type B tympanograms
and a C2 curve were considered together as abnormal findings, overall sensitivity rose
to 93.8% (95% CI: 91.1–96.4), but specificity fell to 61.8% (95% CI: 41.5–82.1) [46]. Studies
comparing TP and PO for MME detection have shown that the two methods have similar
ability or that TP is slightly less effective [47,48]. Evaluation of the accuracy of methods of
diagnosing MEE in pediatric patients revealed that among eight diagnostic methods used
between 1980 and 2000, PO had the best performance with a sensitivity of 94% (95% CI:
92–96) and a specificity of 80% (95% CI: 75–86). Professional tympanometry had the highest
specificity (94.1%; 95% CI: 83.9–100) but pneumatic otoscopy optimized both sensitivity
and specificity [49]. Combined use of TP and PO can further improve AOM diagnosis
A study revealed that in this case sensitivity and specificity was increased to more than
90% [50].

Similar results have been obtained with AR. This procedure evaluates the acoustic
response of the TM to a sound emitted by an instrument. Practically, the degree to which
the reflected sound waves cancel the incident waves emitted by the instrument is measured.
The most advanced instruments calculate and display the data from incident and reflected
sound graphically as a curve, from which the spectral gradient angle can be evaluated.
If the movement of the TM is limited by fluid in the middle ear, the membrane reflects
more sound energy, and the spectral gradient curve is different from that obtained in a
normal subject. Different pattern categories representing different probabilities of MEF
have been calculated [51]. Compared to PO and TP, AR has some practical advantages as it
does not need an airtight fit in the ear canal and can also be successfully obtained in an
uncooperative patient. Unfortunately, the size of the ear canal, the middle-ear pressure, the
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position of the TM, and the amount of MEE may all influence the spectral gradient curve
making results debatable [52,53]. Finally, a supine position [54] and anesthesia [55] can
significantly influence AR accuracy for MEE detection. Comparative studies have generally
reported that the accuracy of AR for MEE detection is quite like that of PO and TP or, in
some cases, PO and TP in validated hands are slightly more accurate [44,56–58].

3. Improvement of Traditionally Used Instruments for Acute Otitis Media
(AOM) Diagnosis

The most important problem for a reliable AOM diagnosis in everyday practice of
primary-care pediatricians and general practitioners is the evidence that whatever instru-
ments is used, results of examination are strictly dependent on the physician’s experience
and interpretations [59]. To increase the diagnostic accuracy of AOM, physicians should be
up-to-date and medical students and residents appropriately educated. Unfortunately, this
not always occurs. To overcome this problem, attempts to improve the quality of visual
otoscopic images have been made, in some cases with important advances.

Video-otoscopes are the base for a more accurate TM evaluation even when otoscopy
is not made by a validated physician. Compared to standard otoscopes, video-otoscopes
have the advantage of allowing the collection of a great number of images of the TM that,
contrary to what happens when standard otoscopy is performed, can be later reviewed by
the physician himself or a specialist. This allows a deeper analysis of the TM characteristics
and reduces the risk of misdiagnosis [60]. Moreover, images can be shown to the parents
who can then more easily accept further instrumental tests and therapy if needed. A good
example in this regard is given by the use of a smartphone otoscope attachment called
CellScope Oto® (CSO), consisting of a portable video-otoscope that permits sharing of
diagnostic-quality video and images. Several studies have evaluated the accuracy of this
and other similar instruments for the diagnosis of AOM [61–65]. Results indicate that
they are at least as effective as a standard otoscope and, in some cases, can significantly
improve diagnostic accuracy without adding advantages in etiological diagnosis. In a
study in which video otoscopy was evaluated by an ear, nose, and throat (ENT) specialists,
audiologists, and trained research assistants, more video otoscopy recordings were eval-
uated as ‘good’ or ‘excellent’ in comparison still images [65]. Moreover, video otoscopy
can be used for teaching and can improve the ability of poorly experienced physicians.
In a prospective cross-sectional study, children with suspected AOM were examined by
residents and attending physicians using both a traditional otoscope and the CSO [55].
Intra-rater and inter-rater agreements were evaluated. Results showed that residents and
attending physicians overwhelmingly agreed that CSO was easy to use, enabled more pre-
cise diagnosis, enhanced TM visualization, and was a good teaching tool. Final diagnosis
was changed several times, with significant influence on antibiotic prescription rates [62].
Moreover, in a research carried out in adults, CSO was found 96% specific in the diagnosis
of normal TM and 100% sensitive in the diagnosis of disease [66]. Overlapping results
were obtained with a similar instrument, the Cupris® smartphone device [67]. The rates of
sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV)
of the Cupris® device to diagnose any middle-ear disease were 94%, 96%, 91%, and 97%,
respectively.

Further improvement was obtained when it was possible to compare images collected
with video-otoscopes with a series of TM images previously collected in patients with well-
defined ear diseases. The correspondence with what was highlighted in the patient under
study with the characteristic findings of certain diagnoses allowed many doubtful cases to
be resolved, increasing the number of correct diagnoses [68]. Feature-extractions-based
algorithms for automatic diagnosis of ear diseases have been developed. A recent example
in this regard has been reported by Livingstone and Chau [69]. A total of 1366 otoscopic
images related to 14 well-defined otologic diagnoses were obtained from patients visited in
a number of associated institutions and from Google Images (Google Inc., Mountain View,
CA, USA). They were uploaded to the Google Cloud Vision AutoML platform (Google Inc.)
and a multilabel classifier architecture algorithm was trained. Diagnostic performance of
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the algorithm was compared to the performance of physicians using the same test set of
images [69]. For all diagnoses combined, the positive predictive value of the algorithm
was 90.9%, and the sensitivity was 86.1%. Accuracy of the algorithm was 88.7%, whereas
that of physician was 58.9%. A system strictly related to AOM and OME diagnosis has
been studied by Wu et al. [70]. These authors developed a brief method for automated
classification of otitis media diseases using conventional neural networks such as Xceptions
and MobileNet-V2 together with images from otoscope. For all diagnoses combined, the
two convolutional neural networks had similar accuracies of 97.4% (95% CI: 96.8–97.9)
and 95.7% (95% CI: 95.1–96.1) [70]. Even more advanced analysis can be obtained with
the HearScope system [71]. In this case, two artificial intelligence systems for classifying
otoscopy images are used. The first screens whether the image is of the ear canal and
the TM. If an ear canal is confirmed, the second neural network classifies the images into
one of four categories—normal, wax obstruction, chronic perforations, or abnormal. The
current system that has been released has a 94% accuracy for classifying images into the
four currently supported diagnostic categories [71].

Another development in otoscopy involves telemedical otoscopic examination (TOE).
Instruments such as smartphone otoscopes can be used by parents and images strongly
suggesting ear disease can be sent to the primary-care pediatricians or an ENT specialist
for confirmation. Particularly in AOM-prone children, with TOE examination a number
of visits in emergency departments and on pediatric wards could be avoided, and docu-
mentation of captured images or videos for future reference could be obtained. Although
this technique cannot permit an etiological differentiation, it could be used to reduce an-
tibiotic abuse because of an inappropriate AOM diagnosis. Theoretically, TOE could be
easily introduced in routine clinical practice as parents can easily learn to use the otoscope.
Erkkola-Anttinen et al. reported that after a simple teaching intervention during a visit
for a previous ear disease, healthy ear, OME, or AOM could be diagnosed in 40% of the
videos collected by parents [72]. Moreover, in all the studies in which smartphone otoscopy
examination was evaluated most of the parents were positive about instrument use. Almost
all agreed that the images helped them to understand the child’s condition and the chosen
management. About 90% felt comfortable about using it and following the middle-ear
status at home over time. Two-thirds declared that they preferred sending images to their
physician rather than making an office visit [62,65]. However, despite parents’ favorable
opinion, use of TOE does not seem to be considered favorable by physicians. Despite the
fact that in a survey it was reported that pediatricians agreed on the potential value of
the TM images to educate families, and 66% considered that following the images over
time could even decrease the administration of antibiotics for AOM therapy, most of them
had doubts about losing the hands-on examination and the direct patient contact [65].
Overall, 38% agreed that they would have administered antibiotics based on a remote
AOM diagnosis. Moreover, 63% estimated that parents could not perform or obtain a
video examination of their child’s TM and that the images would be of poor quality due to
cerumen and lack of testing the TM movement [65].

4. New Measures for Diagnosis of Acute Otitis Media (AOM)

Recently, more advanced technologies able to better define TM characteristics and
MEE presence compared to the standard otoscope and other instruments currently used for
AOM diagnosis, have been developed [16,73,74]. Unfortunately, these new technologies
have not yet been used for the production of instruments that can be used in the outpatient
practice of primary-care pediatricians and general practitioners. In some cases they are
very interesting and can be considered promising options for improving AOM diagnosis.
Among technologies with the most advanced development, are light-field otoscopy (LFO),
optical coherence tomography (OCT), low-coherence interferometry (LCI), and Raman
spectroscopy (RS).

Standard otoscopy and video otoscopes do not allow a 3-dimensional reconstruction
of the TM. This may lead to the misinterpretation of the presence of bulging of the TM,
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contributing to the most common clinician error—classification of OME as AOM. To
overcome this problem, LFO based on a regular camera lens associated with a light-field
camera has been developed [75]. Multi-view images of the TM can be collected, a 4-
dimensional structure called the light field is formed and, finally, a 3D picture can be
computed. Reconstructions of the TM in normal, AOM, and OME have been acquired [75].
No information on its impact in etiological diagnosis is available.

OCT is a non-invasive technology that allows the reconstruction of a depth-resolved,
high-resolution, cross-sectional image of the TM using a low-power, near-infrared light
source. With a handled probe quite similar to a standard otoscope, total thickness of the
TM and characteristics of any of its three layers can be measured and compared with those
of a normal TM [76]. As during AOM the TM is significantly thickened, the intensity of
the backscattered light is reduced, making the tissue characteristics less bright on the OCT
image [77]. Moreover, MEE can be detected and differentiation of serous from purulent
fluid can be achieved [78]. Efficacy of OCT in this regard has been recently evaluated in a
study enrolling children undergoing tympanostomy-tube placement. Analysis of OCT data
resulted in 90.6% accuracy, 90.9% sensitivity, and 90.2% specificity [78]. Differentiating MEE
type, identification of nonserous MEE had 70.8% accuracy, 53.6% sensitivity, and 80.1%
specificity. The age of patients was critical for OCT quality. The mean age of subjects with
quality OCT was 5.01 years compared to 2.54 years in the remaining subjects (p = 0.0028).
Moreover, the instrument used in this study had several practical limitations that require
solution for a more easy and effective use [79].

LCI is an optical-ranging technique that can produce high-resolution, depth-resolved
scans of the TM based on its optical reflectivity [80]. It can be considered an improvement
on traditional PO. Contrarily to PO, whose accuracy relies on the physician’s experience
and expertise, LCI provides a quantitative evaluation of the TM mobility trough objective
and quantitative metrics (compliance and amplitude ratio). As pressure is computer-
controlled, the problem of the variability of the pressure pulses between physicians is
eliminated. Moreover, as the strength of the air puff can be varied and very low pressure
can be used, even mild alterations of TM mobility not visible to the naked eye with the PO
can be detected. Pneumatic LCI otoscopy can give more dynamic information for subjects
with MEE than tympanometry, and directly measure TM displacements with potentially
gentler and more precisely controlled air-pressure transients than PO [81]. No additional
information on etiological diagnosis can be reached with this technique.

RS is an analytical technique where scattered light is used to evaluate the vibrational-
energy modes of a sample [55]. It is generally able to identify chemical and structural
information, as well as being able to identify substances through their characteristic fin-
gerprint. Moreover, presence of bacteria and identification of species is possible [80]. In
experimental animals, RS was found able to identify early inflammation changes of the
TM, suggesting its use for AOM diagnosis in the first phase of disease [82]. Moreover, in
children, differentiation of AOM from OME based on the spectral markers (i.e., mucin),
with classification accuracy of 91% and 93% for serous and mucoid, respectively, was
achieved [83].

5. Conclusions

AOM is a common disease that needs a prompt and accurate diagnosis. Misdiagnosis
can be dangerous or lead to relevant therapeutic mistakes. In most of the cases, AOM
is a bacterial disease and failure to diagnose it can lead to the development of extremely
dangerous, sometimes fatal, complications (i.e., mastoiditis, meningitis, or cerebral abscess).
A diagnosis of AOM in a subject who suffers from OME or who has no ear problems can
lead to an exaggerated use of antibiotics or to an unnecessary follow-up. To achieve this
goal an essential prerequisite is that the doctor who visits the child has had adequate
training on AOM diagnosis and that he/she knows how to use rationally the tools that the
technique has made available for this purpose
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For several years, diagnosis of AOM was based on the use of otoscope, a very old
instrument with several known limitations that make diagnosis difficult even in validated
hands. Unfortunately, the introduction of the otomicroscope, PO, TP, and RF has only
slightly improved standard otoscopy ability to diagnose AOM, mainly because their use
and the correct interpretation of findings are difficult. The need to improve AOM diagnosis
has led to the development of a long list of new methods to visualize and evaluate the
TM and to assess MEE. Most of the new instruments, such as those based on the most
modern technologies, are far from being introduced into clinical practice and presently
remain interesting tools without real practicability in everyday pediatrician and general
practitioner activity. More effective can be video otoscopy, especially when it is used
in association with telemedicine, parents’ cooperation, and artificial intelligence. Every
effort must be made to increase, as much as possible, the technical expertise of students
and residents in using video-otoscopy. Moreover, introduction of otologic telemedicine
and the use of artificial intelligence among pediatricians and ENT specialists must be
strongly promoted in order to reduce mistakes in AOM diagnosis and reduce inappropriate
antibiotic use.

Author Contributions: S.E. and N.P. co-wrote the manuscript; S.B. and A.A. performed the literature
review; R.G. and C.V. gave a substantial scientific contribution. All authors have read and agreed to
the published version of the manuscript.

Funding: Ri.Cli.Ped.—University of Parma, Parma, Italy.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Fidan, V. New type of coronavirus induced acute otitis media in adult. Am. J. Otolaryngol. 2020, 41, 102487.
2. Pichichero, M.E. Otitis media. Pediatr. Clin. N. Am. 2013, 60, 391–407. [CrossRef]
3. Torretta, S.; Capaccio, P.; Coro, I.; Bosis, S.; Pace, M.E.; Bosi, P.; Pignataro, L.; Marchisio, P. Incidental lowering of otitis-media

complaints in otitis-prone children during COVID-19 pandemic: Not all evil comes to hurt. Eur. J. Pediatr. 2021, 180, 649–652.
[CrossRef] [PubMed]

4. Speets, A.; Wolleswinkel, J.; Cardoso, C. Societal costs and burden of otitis media in Portugal. J. Multidiscip. Healthcare 2011, 4,
53–62. [CrossRef] [PubMed]

5. Wolleswinkel-van den Bosch, J.H.; Stolk, E.A.; Francois, M.; Gasparini, R.; Brosa, M. The health care burden and societal impact of
acute otitis media in seven European countries: Results of an Internet survey. Vaccine 2010, 28 (Suppl. S6), G39–G52. [CrossRef]

6. Uijen, J.H.; Bindels, P.J.; Schellevis, F.G.; van der Wouden, J.C. ENT problems in Dutch children: Trends in incidence rates,
antibiotic prescribing and referrals 2002–2008. Scand. J. Prim. Health Care 2011, 29, 75–79. [CrossRef] [PubMed]

7. Suaya, J.A.; Gessner, B.D.; Fung, S.; Vuocolo, S.; Scaife, J.; Swerdlow, D.L.; Isturiz, R.E.; Arguedas, A.G. Acute otitis media,
antimicrobial prescriptions, and medical expenses among children in the United States during 2011–2016. Vaccine 2018, 36,
7479–7486. [CrossRef] [PubMed]

8. Principi, N.; Esposito, S. Unsolved problems and new medical approaches to otitis media. Expert Opin. Biol. Ther. 2020, 20,
741–749. [CrossRef]

9. Kaur, R.; Morris, M.; Pichichero, M.E. Epidemiology of Acute Otitis Media in the Postpneumococcal Conjugate Vaccine Era.
Pediatrics 2017, 140, e20170181. [CrossRef]

10. Chando, S.; Young, C.; Craig, J.; Gunasekera, H.; Tong, A. Parental views on otitis media: Systematic review of qualitative studies.
Eur. J. Nucl. Med. Mol. Imaging 2016, 175, 1295–1305. [CrossRef]

11. Greenberg, D.; Bilenko, N.; Liss, Z.; Shagan, T.; Zamir, O.; Dagan, R. The burden of acute otitis media on the patient and the
family. Eur. J. Nucl. Med. Mol. Imaging 2003, 162, 576–581. [CrossRef] [PubMed]

12. Dagan, R.; Leibovitz, E.; Leiberman, A.; Yagupsky, P. Clinical significance of antibiotic resistance in acute otitis media and
implication of antibiotic treatment on carriage and spread of resistant organisms. Pediatr. Infect. Dis. J. 2000, 19 (Suppl. S5),
S57–S65. [CrossRef] [PubMed]

13. Block, S.L. Causative pathogens, antibiotic resistance and therapeutic considerations in acute otitis media. Pediatr. Infect. Dis. J.
1997, 16, 449–456. [CrossRef]

14. Rosenfeld, R.M.; Shin, J.J.; Schwartz, S.R.; Coggins, R.; Gagnon, L.; Hackell, J.M.; Hoelting, D.; Hunter, L.L.; Kummer, A.W.;
Payne, S.C.; et al. Clinical Practice Guideline: Otitis Media with Effusion (Update). Otolaryngol. Head Neck Surg. 2016, 154 (Suppl.
S1), S1–S41. [CrossRef] [PubMed]

15. Lieberthal, A.S.; Carroll, A.E.; Chonmaitree, T.; Ganiats, T.G.; Hoberman, A.; Jackson, M.A.; Joffe, M.D.; Miller, D.T.; Rosenfeld,
R.M.; Sevilla, X.D.; et al. The Diagnosis and Management of Acute Otitis Media. Pediatrics 2013, 131, e964–e999. [CrossRef]

http://doi.org/10.1016/j.pcl.2012.12.007
http://doi.org/10.1007/s00431-020-03747-9
http://www.ncbi.nlm.nih.gov/pubmed/32691131
http://doi.org/10.2147/JMDH.S17529
http://www.ncbi.nlm.nih.gov/pubmed/21544248
http://doi.org/10.1016/j.vaccine.2010.06.014
http://doi.org/10.3109/02813432.2011.569140
http://www.ncbi.nlm.nih.gov/pubmed/21591837
http://doi.org/10.1016/j.vaccine.2018.10.060
http://www.ncbi.nlm.nih.gov/pubmed/30385056
http://doi.org/10.1080/14712598.2020.1740677
http://doi.org/10.1542/peds.2017-0181
http://doi.org/10.1007/s00431-016-2779-6
http://doi.org/10.1007/s00431-003-1260-5
http://www.ncbi.nlm.nih.gov/pubmed/12819964
http://doi.org/10.1097/00006454-200005001-00009
http://www.ncbi.nlm.nih.gov/pubmed/10821473
http://doi.org/10.1097/00006454-199704000-00029
http://doi.org/10.1177/0194599815623467
http://www.ncbi.nlm.nih.gov/pubmed/26832942
http://doi.org/10.1542/peds.2012-3488


Diagnostics 2021, 11, 2392 10 of 12

16. Gisselsson-Solén, M.; Tähtinen, P.A.; Ryan, A.F.; Mulay, A.; Kariya, S.; Schilder, A.G.; Valdez, T.A.; Brown, S.; Nolan, R.M.;
Hermansson, A.; et al. Panel 1: Biotechnology, biomedical engineering and new models of otitis media. Int. J. Pediatr.
Otorhinolaryngol. 2019, 130, 109833. [CrossRef] [PubMed]

17. Suzuki, H.G.; Dewez, J.E.; Nijman, R.G.; Yeung, S. Clinical practice guidelines for acute otitis media in children: A systematic
review and appraisal of European national guidelines. BMJ Open 2020, 10, e035343. [CrossRef]

18. World Health Organisation. Recommendations for Management of Common Childhood Conditions. Evidence for Technical Update of
Pocket Book Recommendations; World Health Organisation: Geneva, Switzerland, 2012. Available online: https://www.who.int/
maternal_child_adolescent/documents/management_childhood_conditions/en/ (accessed on 25 March 2021).

19. Chiappini, E.; Ciarcià, M.; Bortone, B.; Doria, M.; Becherucci, P.; Marseglia, G.L.; Motisi, M.A.; de Martino, M.; Galli, L.; Licari,
A.; et al. Italian Panel for the Management of Acute Otitis Media in Children. Updated Guidelines for the Management of
Acute Otitis Media in Children by the Italian Society of Pediatrics: Diagnosis. Pediatr. Infect. Dis. J. 2019, 38 (Suppl. S12), S3–S9.
[PubMed]

20. Kontiokari, T.; Koivunen, P.; Niemelä, M.; Pokka, T.; Uhari, M. Symptoms of acute otitis media. Pediatr. Infect. Dis. J. 1998, 17,
676–679.

21. Shaikh, N.; Kearney, D.H.; Colborn, D.K.; Balentine, T.; Feng, W.; Lin, Y.; Hoberman, A. How do parents of preverbal children
with acute otitis media determine how much ear pain their child is having? J. Pain 2010, 11, 1291–1294. [CrossRef]

22. Uitti, J.M.; Salanterä, S.; Laine, M.K.; Tähtinen, P.A.; Ruohola, A. Adaptation of pain scales for parent observation: Are pain scales
and symptoms useful in detecting pain of young children with the suspicion of acute otitis media? BMC Pediatr. 2018, 18, 392.
[CrossRef]

23. Hwa, T.P.; Brant, J.A. Evaluation and Management of Otalgia. Med. Clin. N. Am. 2021, 105, 813–826. [CrossRef] [PubMed]
24. Uitti, J.M.; Laine, M.K.; Tähtinen, P.A.; Ruuskanen, O.; Ruohola, A. Symptoms and Otoscopic Signs in Bilateral and Unilateral

Acute Otitis Media. Pediatrics 2013, 131, e398–e405. [CrossRef] [PubMed]
25. Pichichero, M.E. Acute Otitis Media: Part, I. Improving Diagnostic Accuracy. Am. Fam. Phys. 2000, 61, 2051–2056.
26. Schwartz, R.H.; Rodriguez, W.J.; McAveney, W.; Grundfast, K.M. Cerumen removal. How necessary is it to diagnose acute otitis

media? Am. J. Dis. Child. 1983, 137, 1064–1065. [CrossRef]
27. Marchisio, P.G.; Pipolo, C.; Landi, M.; Consonni, D.; Mansi, N.; Di Mauro, G.; Salvatici, E.; Di Pietro, P.; Esposito, S.; Felisati,

G.; et al. Cerumen: A fundamental but neglected problem by pediatricians. Int. J. Pediatr. Otorhinolaryngol. 2016, 87, 55–60.
[CrossRef]

28. Karma, P.H.; Penttilä, M.A.; Sipilä, M.M.; Kataja, M.J. Otoscopic diagnosis of middle ear effusion in acute and non-acute otitis
media. I. The value of different otoscopic findings. Int. J. Pediatr. Otorhinolaryngol. 1989, 17, 37–49. [CrossRef]

29. Pichichero, M.E.; Poole, M.D. Assessing Diagnostic Accuracy and Tympanocentesis Skills in the Management of Otitis Media.
Arch. Pediatr. Adolesc. Med. 2001, 155, 1137–1142. [CrossRef]

30. Fields, M.J.; Allison, R.S.; Corwin, P.; White, P.S.; Doherty, J. Microtympanometry, microscopy and tympanometry in evaluating
middle ear effusion prior to myringotomy. N. Z. Med. J. 1993, 106, 386–387.

31. Ovesen, T.; Paaske, P.B.; Elbrond, O. Accuracy of an automatic impedance apparatus in a population with secretory otitis media:
Principles in the evaluation of tympanometrical findings. Am. J. Otolaryngol. 1993, 14, 100–104. [CrossRef]

32. Dowell, S.F.; Butler, J.C.; Giebink, G.S.; Jacobs, M.R.; Jernigan, D.; Musher, D.M.; Rakowsky, A.; Schwartz, B. Acute otitis media:
Management and surveillance in an era of pneumococcal resistance—a report from the drug-resistant Streptococcus pneumoniae
Therapeutic Working Group. Pediatr. Infect. Dis. J. 1999, 18, 1–9. [CrossRef]

33. Pichichero, M.E. Acute otitis media: Part II. Treatment in an era of increasing antibiotic resistance. Am. Fam. Physician. 2000, 61,
2410–2416. [PubMed]

34. Pichichero, M.E.; Wright, T. The use of tympanocentesis in the diagnosis and management of acute otitis media. Curr. Infect. Dis.
Rep. 2006, 8, 189–195. [CrossRef] [PubMed]

35. Jones, W.S.; Kaleida, P.H. How helpful is pneumatic otoscopy in improving diagnostic accuracy? Pediatrics 2003, 112, 510–513.
[CrossRef]

36. Paul, C.R.; Joyce, A.D.H.; Dallaghan, G.L.B.; Keeley, M.G.; Lehmann, C.; Schmidt, S.M.; Simonsen, K.A.; Christy, C. Teaching
pediatric otoscopy skills to the medical student in the clinical setting: Preceptor perspectives and practice. BMC Med. Educ. 2020,
20, 429. [CrossRef]

37. Bluestone, C.D. Diagnosis of chronic otitis media with effusion: Description, otoscopy, acoustic impedance measurements, and
assessment of hearing. Pediatr. Infect. Dis. 1982, 1, S38–S72. [CrossRef]

38. Shiao, A.-S.; Guo, Y.-C. A comparison assessment of videotelescopy for dia under pressuregnosis of pediatric otitis media with
effusion. Int. J. Pediatr. Otorhinolaryngol. 2005, 69, 1497–1502. [CrossRef] [PubMed]

39. Blomgren, K.; Pitkaranta, A. Current challenges in diagnosis of acute otitis media. Int. J. Pediatr. Otorhinolaryngol. 2005, 69,
295–299. [CrossRef] [PubMed]

40. Rogers, D.J.; Boseley, M.E.; Adams, M.T.; Makowski, R.L.; Hohman, M.H. Prospective comparison of handheld pneumatic
otoscopy, binocular microscopy, and tympanometry in identifying middle ear effusions in children. Int. J. Pediatr. Otorhinolaryngol.
2010, 74, 1140–1143. [CrossRef]

41. MacClements, J.E.; Parchman, M.; Passmore, C. Otitis media in children: Use of diagnostic tools by family practice residents. Fam.
Med. 2002, 34, 598–603.

http://doi.org/10.1016/j.ijporl.2019.109833
http://www.ncbi.nlm.nih.gov/pubmed/31901291
http://doi.org/10.1136/bmjopen-2019-035343
https://www.who.int/maternal_child_adolescent/documents/management_childhood_conditions/en/
https://www.who.int/maternal_child_adolescent/documents/management_childhood_conditions/en/
http://www.ncbi.nlm.nih.gov/pubmed/31876600
http://doi.org/10.1016/j.jpain.2010.03.017
http://doi.org/10.1186/s12887-018-1361-y
http://doi.org/10.1016/j.mcna.2021.05.004
http://www.ncbi.nlm.nih.gov/pubmed/34391535
http://doi.org/10.1542/peds.2012-1188
http://www.ncbi.nlm.nih.gov/pubmed/23359578
http://doi.org/10.1001/archpedi.1983.02140370026009
http://doi.org/10.1016/j.ijporl.2016.05.014
http://doi.org/10.1016/0165-5876(89)90292-9
http://doi.org/10.1001/archpedi.155.10.1137
http://doi.org/10.1016/0196-0709(93)90047-B
http://doi.org/10.1097/00006454-199901000-00002
http://www.ncbi.nlm.nih.gov/pubmed/10794582
http://doi.org/10.1007/s11908-006-0058-9
http://www.ncbi.nlm.nih.gov/pubmed/16643770
http://doi.org/10.1542/peds.112.3.510
http://doi.org/10.1186/s12909-020-02307-x
http://doi.org/10.1097/00006454-198209001-00004
http://doi.org/10.1016/j.ijporl.2005.03.041
http://www.ncbi.nlm.nih.gov/pubmed/16168494
http://doi.org/10.1016/j.ijporl.2004.09.012
http://www.ncbi.nlm.nih.gov/pubmed/15733586
http://doi.org/10.1016/j.ijporl.2010.06.015


Diagnostics 2021, 11, 2392 11 of 12

42. Vernacchio, L.; Vezina, R.M.; Mitchell, A.A. Knowledge and practices relating to the 2004 acute otitis media clinical practice
guideline: A survey of practicing physicians. Pediatr. Infect. Dis. J. 2006, 25, 385–389. [CrossRef] [PubMed]

43. Chiappini, E.; Motisi, M.A.; Becherucci, P.; Pierattelli, M.; Galli, L.; Marchisio, P. Italian primary care paediatricians’ adherence
to the 2019 National Guideline for the management of acute otitis media in children: A cross-sectional study. Int. J. Pediatr.
Otorhinolaryngol. 2020, 138, 110282. [CrossRef]

44. Block, S.L.; Mandel, E.; Mclinn, S.; Pichichero, M.E.; Bernstein, S.; Kimball, S.; Kozikowski, J. Spectral gradient acoustic
reflectometry for the detection of middle ear effusion by pediatricians and parents. Pediatr. Infect. Dis. J. 1998, 17, 560–564.
[CrossRef]

45. Koivunen, P.; Alho, O.P.; Uhari, M.; Niemelä, M.; Luotonen, J. Minitympanometry in detecting middle ear fluid. J. Pediatr. 1997,
131, 419–422.

46. Johansen, E.C.J.; Lildholdt, T.; Damsbo, N.; Eriksen, E.W. Tympanometry for diagnosis and treatment of otitis media in general
practice. Fam. Pr. 2000, 17, 317–322. [CrossRef]

47. Toner, J.G.; Mains, B. Pneumatic otoscopy and tympanometry in the detection of middle ear effusion. Clin. Otolaryngol. Allied Sci.
1990, 15, 121–123. [CrossRef] [PubMed]

48. Harris, P.K.; Hutchinson, K.M.; Moravec, J. The use of tympanometry and pneumatic otoscopy for predicting middle ear disease.
Am. J. Audiol. 2005, 14, 3–13.

49. Takata, G.S.; Chan, L.S.; Morphew, T.; Mangione-Smith, R.; Morton, S.C.; Shekelle, P. Evidence assessment of the accuracy of
methods of diagnosing middle ear effusion in children with otitis media with effusion. Pediatrics 2003, 112, 1379–1387. [CrossRef]
[PubMed]

50. Finitzo, T.; Friel-Patti, S.; Chinn, K.; Brown, O. Tympanometry and otoscopy prior to myringotomy: Issues in diagnosis of otitis
media. Int. J. Pediatr. Otorhinolaryngol. 1992, 24, 101–110. [CrossRef]

51. Kimball, S. Acoustic reflectometry: Spectral gradient analysis for improved detection of middle-ear fluid in children. Pediatr.
Infect. Dis. J. 1998, 17, 552–555. [CrossRef] [PubMed]

52. Babb, M.J.; Hilsinger, J.R.L.; Korol, H.W.; Wilcox, R.D. Modern Acoustic Reflectometry: Accuracy in Diagnosing Otitis Media
with Effusion. Ear. Nose Throat J. 2004, 83, 622–624. [CrossRef] [PubMed]

53. Laine, M.K.; Tähtinen, P.A.; Helenius, K.K.; Luoto, R.; Ruohola, A. Acoustic Reflectometry in Discrimination of Otoscopic
Diagnoses in Young Ambulatory Children. Pediatr. Infect. Dis. J. 2012, 31, 1007–1011. [CrossRef] [PubMed]

54. Teppo, H.; Revonta, M. Comparison of old, professional and consumer model acoustic reflectometers in the detection of middle-
ear fluid in children with recurrent acute otitis media or glue ear. Int. J. Pediatr. Otorhinolaryngol. 2007, 71, 1865–1872. [CrossRef]
[PubMed]

55. Barnett, E.D.; Klein, J.O.; Hawkins, K.A.; Cabral, H.; Kenna, M.; Healy, G. Comparison of spectral gradient acoustic reflectometry
and other diagnostic techniques for detection of middle ear effusion in children with middle ear disease. Pediatr. Infect. Dis. J.
1998, 17, 556–559. [CrossRef] [PubMed]

56. Babonis, T.R.; Weir, M.R.; Kelly, P.C. Impedance tympanometry and acoustic reflectometry at myringotomy. Pediatrics 1991, 87,
475–480. [CrossRef] [PubMed]

57. Mitchell, D.B.; Ford, G.R.; Albert, D. Acoutic reflectometry as an aid to the diagnosis of glue ear. Br. J. Clin. Pract. 1990, 44,
557–559.

58. Lindén, H.; Teppo, H.; Revonta, M. Spectral gradient acoustic reflectometry in the diagnosis of middle-ear fluid in children. Eur.
Arch. Oto-Rhino-Laryngol. 2006, 264, 477–481. [CrossRef]

59. Sorrento, A.; Pichichero, M.E. Assessing diagnostic accuracy and tympanocentesis skills by nurse practitioners in management of
otitis media. J. Am. Acad. Nurse Pract. 2001, 13, 524–529. [CrossRef] [PubMed]

60. Soares, C.; Clifton, W.; Freeman, W.D. Use of Handheld Video Otoscopy for the Diagnosis of Acute Otitis Media: Technical Note.
Cureus 2019, 11, e5547. [CrossRef]

61. Mousseau, S.; Lapointe, A.; Gravel, J. Diagnosing acute otitis media using a smartphone otoscope; a randomized controlled trial.
Am. J. Emerg. Med. 2018, 36, 1796–1801. [CrossRef]

62. Richards, J.R.; Gaylor, K.A.; Pilgrim, A.J. Comparison of traditional otoscope to iPhone otoscope in the pediatric ED. Am. J. Emerg.
Med. 2015, 33, 1089–1092. [CrossRef]

63. Moshtaghi, O.; Sahyouni, R.; Haidar, Y.M.; Huang, M.; Moshtaghi, A.; Ghavami, Y.; Lin, H.W.; Djalilian, H.R. Smartphone-enabled
otoscopy in neurotology/otology. Otolaryngol. Head Neck Surg. 2017, 156, 554–558. [CrossRef] [PubMed]

64. Chan, K.N.; Silverstein, A.; Bryan, L.N.; McCracken, C.E.; Little, W.K.; Shane, A.L. Comparison of a Smartphone Otoscope and
Conventional Otoscope in the Diagnosis and Management of Acute Otitis Media. Clin. Pediatr. 2019, 58, 302–306. [CrossRef]

65. Rappaport, K.M.; McCracken, C.C.; Beniflah, J.; Little, W.K.; Fletcher, D.A.; Lam, W.A.; Shane, A.L. Assessment of a Smartphone
Otoscope Device for the Diagnosis and Management of Otitis Media. Clin. Pediatr. 2016, 55, 800–810. [CrossRef] [PubMed]

66. Alenezi, E.M.; Jajko, K.; Reid, A.; Locatelli-Smith, A.; McMahen, C.S.; Tao, K.F.; Marsh, J.; Bright, T.; Richmond, P.C.; Eikelboom,
R.H.; et al. Clinician-rated quality of video otoscopy recordings and still images for the asynchronous assessment of middle-ear
disease. J. Telemed. Telecare 2021, 1357633X20987783. [CrossRef] [PubMed]

67. Mandavia, R.; Lapa, T.; Smith, M.; Bhutta, M. A cross-sectional evaluation of the validity of a smartphone otoscopy device in
screening for ear disease in Nepal. Clin. Otolaryngol. 2018, 43, 31–38. [CrossRef]

http://doi.org/10.1097/01.inf.0000214961.90326.d0
http://www.ncbi.nlm.nih.gov/pubmed/16645499
http://doi.org/10.1016/j.ijporl.2020.110282
http://doi.org/10.1097/00006454-199806000-00036
http://doi.org/10.1093/fampra/17.4.317
http://doi.org/10.1111/j.1365-2273.1990.tb00443.x
http://www.ncbi.nlm.nih.gov/pubmed/2350887
http://doi.org/10.1542/peds.112.6.1379
http://www.ncbi.nlm.nih.gov/pubmed/14654613
http://doi.org/10.1016/0165-5876(92)90136-D
http://doi.org/10.1097/00006454-199806000-00034
http://www.ncbi.nlm.nih.gov/pubmed/9655559
http://doi.org/10.1177/014556130408300911
http://www.ncbi.nlm.nih.gov/pubmed/15529648
http://doi.org/10.1097/INF.0b013e31825caf45
http://www.ncbi.nlm.nih.gov/pubmed/22592520
http://doi.org/10.1016/j.ijporl.2007.08.013
http://www.ncbi.nlm.nih.gov/pubmed/17904648
http://doi.org/10.1097/00006454-199806000-00035
http://www.ncbi.nlm.nih.gov/pubmed/9655560
http://doi.org/10.1542/peds.87.4.475
http://www.ncbi.nlm.nih.gov/pubmed/2011423
http://doi.org/10.1007/s00405-006-0206-8
http://doi.org/10.1111/j.1745-7599.2001.tb00019.x
http://www.ncbi.nlm.nih.gov/pubmed/11930518
http://doi.org/10.7759/cureus.5547
http://doi.org/10.1016/j.ajem.2018.01.093
http://doi.org/10.1016/j.ajem.2015.04.063
http://doi.org/10.1177/0194599816687740
http://www.ncbi.nlm.nih.gov/pubmed/28118550
http://doi.org/10.1177/0009922818812480
http://doi.org/10.1177/0009922815593909
http://www.ncbi.nlm.nih.gov/pubmed/26156976
http://doi.org/10.1177/1357633X20987783
http://www.ncbi.nlm.nih.gov/pubmed/33497312
http://doi.org/10.1111/coa.12898


Diagnostics 2021, 11, 2392 12 of 12

68. Myburgh, H.C.; van Zijl, W.H.; Swanepoel, D.; Hellström, S.; Laurent, C. Otitis Media Diagnosis for Developing Countries Using
Tympanic Membrane Image-Analysis. EBioMedicine 2016, 5, 156–160. [CrossRef] [PubMed]

69. Livingstone, D.; Chau, J. Otoscopic diagnosis using computer vision: An automated machine learning approach. Laryngoscope
2020, 130, 1408–1413. [CrossRef]

70. Wu, Z.; Lin, Z.; Li, L.; Pan, H.; Chen, G.; Fu, Y.; Qiu, Q. Deep Learning for Classification of Pediatric Otitis Media. Laryngoscope
2021, 131, E2344–E2351. [CrossRef]

71. Nesgaard Pedersen, J. Digital Otoscopy with AI Diagnostic Support: Making Diagnosis of Ear Disease More Accessible. Available
online: https://www.entandaudiologynews.com/development/spotlight-on-innovation/post/digital-otoscopy-with-ai-
diagnostic-support-making-diagnosis-of-ear-disease-more-accessible#:~{}:text=The%20HearScope%20system%20employs%
20two,obstruction%2C%20chronic%20perforations%20and%20abnormal (accessed on 3 April 2021).

72. Erkkola-Anttinen, N.; Irjala, H.; Laine, M.K.; Tähtinen, P.A.; Löyttyniemi, E.; Ruohola, A. Smartphone Otoscopy Performed by
Parents. Telemed. e-Health 2019, 25, 477–484. [CrossRef]

73. Marom, T.; Kraus, O.; Habashi, N.; Tamir, S.O. Emerging Technologies for the Diagnosis of Otitis Media. Otolaryngol. Head Neck
Surg. 2019, 160, 447–456. [CrossRef] [PubMed]

74. McDonough, M.; Hathi, K.; Corsten, G.; Chin, C.J.; Campisi, P.; Cavanagh, J.; Chadha, N.; Graham, M.E.; Husein, M.; Johnson,
L.B.; et al. Choosing Wisely Canada - pediatric otolaryngology recommendations. J. Otolaryngol. Head Neck Surg. 2021, 50, 61.
[CrossRef] [PubMed]

75. Bedard, N.; Shope, T.; Hoberman, A.; Haralam, M.A.; Shaikh, N.; Kovačević, J.; Balram, N.; Tošić, I. Light field otoscope design
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