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Abstract

Ultrasound is one of the methods proposed by researchers to investigate paranasal sinus disease conditions like
rhinosinusitis. This method, unlike Computed Tomographic (CT) scan, does not involve exposure to radiation, and it is
cost effective. Moreover, an ultrasound scan is safe, readily available, and non-invasive compared to the sinus puncture
method, and it is easily accepted by patients. However, there is no enough information on the utilization and accuracy
of this method in the diagnosis of maxillary sinusitis. The aim of this review is to investigate and elaborate on the role
of ultrasound scan in the diagnosis of maxillary sinusitis. We conducted a comprehensive literature search across multiple
research databases, including PubMed, Scopus, Web of Science, Google Scholar, Embase, EBSCO and Cochrane
database. The result indicated that both A-mode and B-mode ultrasound scans were accurate in the diagnosis of maxillary
sinusitis, with excellent sensibility, specificity, positive and negative predictive values compared with Magnetic
Resonant Imaging (MRI), CT scan and sinus endoscopy. Therefore, we recommend the use of ultrasound scan for the
diagnosis of maxillary sinusitis, especially in our environment where there are factors that limit the utilization of CT
scan and MRI (such as repeated breakdown of the machines, high cost, and lack of good electricity).
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Introduction

L . . . of cases in rhinology clinics.[6] However, in Nigeria, the prevalence of
Rhinosinusitis is a spectrum of inflammatory and infectious processes 9y [61 9 P

affecting the mucosae of the nose and one or more paranasal sinuses.[1] It
is the commonest infection in man and the commonest inflammatory
disorder encountered by general practitioners, pulmonologists, and
otolaryngologists all over the world.[2,3] It is the most commonly reported
ailment, constituting about 14% (30 million) of cases in the US, with an
estimated cost of treatment of about $5.78 billion per year.[3] It is reported
that between 30% and 50% of all patients seen by the general practitioner
suffer from some form of rhinosinusitis, in which young adults experience
about 2-5 episodes of rhinosinusitis per year, while children experience
about 6-10 attacks per year.[2-4] In Taiwan, rhinosinusitis affects about 15%
to 20% of the population every year, creating cost-ineffective expenses for
the National Health Insurance and reducing job effectiveness and quality of
life.[5] In the West African sub-region, rhinosinusitis constitutes about 78%

11.7% was reported in North-western part of the country.[7]

Computed Tomographic (CT) scan is the gold standard in the diagnosis and
planning for endoscopic sinus surgery for patients with rhinosinusitis with or
without nasal polyps. [8-10] While plain radiography is the most commonly
utilised diagnostic method in most developing countries because it is cheap,
simple, and widely available. However, it uses ionizing radiation and has a
lot of superimpositions, because it is a two-dimensional imaging
modality.[11] Ultrasound is one of the methods proposed by researchers
nowadays as a method to investigate the facial as well as paranasal sinus
medical conditions, like rhinosinusitis.[12] This method, unlike Computed
Tomographic (CT) scan, does not involve exposure to high-dose radiation
and it is cost-effective. Moreover, it is safe, and non-invasive method,
compared to sinus puncture (antral washout) method, and it is easily accepted
by patients.[12] Other advantages of ultrasound are; availability, low cost,
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and ability to use in various clinical settings. Ultrasound can also be suitable

for individuals whom radiation exposure may be undesirable, such as
children, pregnant women, and unconscious patients. There is also paucity
of data regarding the role of ultrasonography in the diagnosis of maxillary
sinusitis in our environment. Hopefully, this review will investigate and
elaborate on the role of ultrasound scan in the diagnosis of maxillary
sinusitis.

Radiological anatomy of the maxillary sinus

The maxillary sinuses are the first to appear among the paranasal sinuses
during the embryonic period and are visible radiologically a few weeks after
birth. They continue to grow and develop throughout childhood. Full
pneumatisation of the maxillary sinus is achieved when there is complete
eruption of the permanent dentition in early adulthood.[13] There are
numerous radiographic views available for the plain X-ray for the evaluation
of the paranasal sinuses.[14] The views include Water’s view, Caldwell
view, and lateral view. The maxillary sinuses are nearly symmetrical sinuses
that are best visualized on the Water’s view. Lateral views are used to
evaluate the anterior and posterior walls of the maxillary sinus. The posterior
wall forms the anterior boundary of the pterygopalatine fossa. The base view
also exhibits the posterior wall as a curved structure. The medial wall is best
seen on the Caldwell view, and on this view, only the inferomedial wall is
consistently seen. The inferior extension of the sinus and its relationship to
the teeth and hard palate are seen well on lateral views. On a Caldwell view,
the foramen rotundum, which contains the maxillary division of the
trigeminal nerve, is projected through the superomedial portion of the
antrum. The superior orbital fissure can easily be recognized as well.[14]

On ultrasound scan, the first observed layer is the skin and subcutaneous
tissue, and then a continuous linear echogenic layer, which is the anterior
wall of the sinus (First Echo). Since a normal sinus contains air, its
ultrasound view due to sound reflections is seen as parallel echogenic lines
(A-line artefact), and has a view similar to a normal lung on a transthoracic
ultrasound scan.[12] Sinusitis causes inflammation of the mucosa and
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accumulation of fluid within the sinus, and ultrasound findings are based on

these changes.[12] When there is more than air inside the maxillary sinus
cavity, the sound waves are no longer reflected back to the transducer
because fluid or mucus is able to transmit the sound waves to the back wall
of the sinus, thus producing what is called a “Back Wall Echo”.[15] Back
Wall Echo (BWE) is a clear hyperechoic line formed by the posterior wall
of the sinus, and its appearance indicates pathology in the sinus. If the
distance of the Back Wall Echo line from the anterior wall of the sinus (First
Echo) is more than 20 mm, it is considered as fluid collection, and if it is less
than 20 mm, it is considered as mucosal thickening.[12,15]

CT scan in either axial, sagittal, or coronal planes provide excellent
visualization of the paranasal sinuses. Particular attention is paid to the
region of the ostiomeatal complex (where the maxillary, frontal, and anterior
ethmoidal sinuses drain) and the sphenoethmoid recess and superior meatus
(onto which the sphenoid and posterior ethmoid sinuses drain). MRI is good
at demonstrating the soft tissues. However, it is not good at demonstrating
the bony walls of the paranasal sinuses, which have no signal themselves but
are lined by high-signal mucosa on T2 scans.[13]

Anatomical variations encountered in the region of the maxillary sinus, these
variation may play a role in the etiopathogenesis and exacerbation of
symptoms of chronic rhinosinusitis.[16] The variations include maxillary
sinus septa, which are thin walls of cortical bone present within the maxillary
sinus, with variable number, thickness, and length. Such septa may arise
from the inferior and lateral walls of the sinus, dividing the sinus into two or
more cavities. Another variation is accessory maxillary ostia; they are
additional openings into the maxillary, generally solitary, but occasionally
may be multiple. Also, there is hypoplasia of one maxillary antrum, which is
present in up to 0.3% of the population. In addition, adult maxillary sinuses
may vary in size; a large one may extend into the zygomatic process of the
maxilla or into the alveolar process so that the roots of the three molar teeth
(and possibly of the premolars also) lie immediately beneath the floor or
project into the maxillary antrum.[17]
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Role of ultrasound scan in the diagnosis of maxillary sinusitis

The possibility of using ultrasonography in the diagnosis of paranasal sinuses
was first mentioned by Keidel in (1949). Kitmura (1969) introduced the
possibility of B-mode (two-dimensional image) presentation in the diagnosis
of paranasal sinus disease.[18] One of the first references concerning the use
of ultrasound in examining maxillary sinuses dates from 1975, by Mann, for
the diagnosis of sinusitis. This was the era of A-mode ultrasonography,
which permitted the use of ultrasound in the case of sinusitis; this improved
with further development of devices and probes.[19,20] However, with the
revolution in CT scan, ultrasound was forgotten and re-emerged recently in
emergency settings and in clinics. In emergency settings, ultrasonography of
the sinuses can be an extension of FAST-like (focused abdominal sonogram
for trauma) protocols in order to detect hemosinus or acute sinusitis as early
as possible with a minimum use of resources.[20] Ultrasound assessment of
the maxillary sinuses has also been used in the evaluation of Intensive Care
Unit (ICU) patients with suspected maxillary sinusitis as a bedside test to
detect the presence of fluid in the sinus.[21]

In a case presentation by Asavoaie et al. titled “Maxillary sinus
ultrasonography as a reliable diagnostic method in children’s acute
sinusitis.” A 9-year-old boy had maxillary sinus ultrasound scan, and the
findings were compared to a standard radiographic view for evaluation of
paranasal sinuses (Water’s view). The researchers concluded that maxillary
sinus ultrasonographic scan was a reliable method in the diagnosis of acute
uncomplicated sinusitis and prevented unnecessary exposure to radiation.
They also demonstrated that performing a maxillary sinus ultrasonographic
scan was possible even with the air trapped in sinus cavities.[15] Similarly,
Reza et al. studied the diagnostic value of ultrasonography in children with
maxillary sinusitis in Iran. The study was conducted on 69 children aged
under 15. There was no statistically significant agreement in the diagnosis of
mucosal thickness between the results of maxillary ultrasound and
radiograph. However, the results showed a good agreement in the detection
of fluid accumulation in the maxillary sinuses (Kappa = 0.8).[19]

A study of “Comparison between Ultrasonography and Water’s View
Radiograph as Confirmatory Tools for Diagnosis of Maxillary Sinusitis in
Children Complaining of Cough in Tehran, Iran” by Asadi et al. revealed a
diagnostic synchrony between maxillary sinus plain radiograph and
ultrasonography in 49.2% of cases. In addition, radiographic results of 32
sinuses (37.7%) with mucosal thickness, 16 sinuses (69.6%) with fluid
retention, and 11 normal sinuses (91.7%) were confirmed with
ultrasonography. They also found 61 sinuses had radiographic versus
ultrasonographic asynchrony.[22] In the same study, sinus ultrasonographic
scan had a sensitivity of 56.4%, a specificity of 91.7%, a positive predictive
value of 98.4%, and a negative predictive value of 19%. In summary, this
study found no statistically significant correlation between radiologic and
ultrasonographic results (p = 0.153, r = 0.131). The researchers concluded
that ultrasonography is not a suitable technique for evaluation of mild
mucosal thickening of the maxillary sinus, yet it may be an alternative
imaging method when the presence of fluid in the maxillary sinuses is
suspected.[22]

Alaskaree et al. in Basra, Iraq, studied “Maxillary Sinus Ultrasound Versus
Plain Radiograph and Diagnostic Antral Washout in the Diagnosis of
Maxillary Sinus Diseases.” Fifty-five patients with suspected sinus disease
were included in the study. The sensitivity of the maxillary sinus
ultrasonograph and plain radiograph were 92.5% and 90.5%, respectively.
The specificity of the ultrasonography and the plain radiography were 55%
and 41%, respectively. The accuracy of the sinus ultrasonograph was 73.4%,
while that of the plain radiograph was 65%, indicating the superiority of the
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sinus ultrasonograph over plain radiograph.[18] The validity of

ultrasonography in the diagnosis of acute maxillary sinusitis was studied by
Puhakka et al. in Turku, Finland. A total of 200 healthy young students at the
University of Turku were enrolled in a study of the treatment of the common
cold. Ultrasonography and plain-film radiography of the paranasal sinuses
were performed on all patients on the same days, and MRI was performed
on 40 randomly selected patients. The sensitivity of ultrasonography for
detecting maxillary sinusitis was 56%, and the false positive was 13%. The
agreement between ultrasonography and radiography was 80% (k=0.44).
Ultrasonography provided a sensitivity of 64%, and specificity was 95%
compared with MRI.[23]

Varonen et al. studied acute rhinosinusitis in primary healthcare setting; they
compared symptoms, signs, ultrasound, and plain radiograph. The study took
place in nine primary healthcare centres in Finland. A total of 150 adult
patients were recruited for the study, of which 105 (70%) were women and
45 (30%) were men. The sensitivity of ultrasound compared to plain
radiograph was 92%, and specificity was 95%. Positive likelihood ratios
were 17.5 and 11.1 respectively.[24] The role of ultrasonography in the
evaluation of maxillary sinusitis in paediatrics was studied in Romania by
Fufezan et al. where 67 patients were recruited, in which one hundred and
thirty-four maxillary sinuses were analysed ultrasonographically and
radiologically. There was an agreement between the two techniques in 112
(83.5%) out of 134 sinuses. Compared to the standard X-ray,
ultrasonography had 94.9% sensitivity and 98.4% specificity. The error of
the ultrasound exam compared to the standard X-ray evaluated in a divided
interpretation was low (1.58%) for the normal aspect and 5.12% for the fluid
collection, but the error for the mucosal thickness was high, over 50%
(59.37%) of the cases.[25]

The role of A-mode ultrasound scan in the diagnosis of maxillary sinusitis
was reported by a different author: A Prospective study by Boet et al. France.
The A-mode ultrasound result was compared with the result of the sinus CT
scan for the diagnosis of maxillary sinusitis. Sensitivity, specificity, positive
predictive value, and negative predictive value of A-mode ultrasound
compared with CT were 66.7%, 94.7%, 75.0%, and 92.2%, respectively. All
the empty sinuses were correctly identified as being empty.[26] In another
study conducted in Serbia by Belic et al. titled “A-mode sonography and
radiography in diagnosis of chronic non-polypoid maxillary rhinosinusitis.”
Seventy-nine (79) maxillary sinuses were evaluated. The condition of
maxillary sinuses was evaluated with sinuscopy (sinus endoscopy) as the
standard diagnostic method, and reports of radiology and ultrasonography
were compared. The study proved the higher reliability of A-mode
ultrasonography in comparison to radiology in the diagnosis of chronic non-
polypoid maxillary sinusitis (72.5% versus 60.76%). There was no
statistically significant divergence in relation to the foregoing methods. They
opined that A-mode ultrasonography is more helpful in the process of
identifying liquid contents and can be less utilized in identifying
hypertrophic mucous membrane.[27]

Regarding the efficacy and accuracy of ultrasound scan in the diagnosis of
maxillary sinusitis, Hsu et al. studied the efficacy of sinus ultrasound in the
diagnosis of acute and subacute maxillary sinusitis in Taipei, Taiwan. A total
of 148 maxillary sinuses in 74 patients (38 men, 36 women) were evaluated.
Sinus ultrasound and rigid nasal endoscopy showed the best agreement
(agreement = 0.78, k = 0.556). The agreement of rigid nasal endoscopy and
plain sinus film was relatively poor (agreement = 0.72, k = 0.446). Sinus
ultrasound and plain sinus film had the poorest diagnostic consistency
(agreement = 0.67, k = 0.338) of these methods.[5] Therefore, sinus
ultrasound was recommended due to its less invasive nature and lack of
radiation exposure. Furthermore, Mustafa et al in their study titled “Accuracy
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of ultrasound versus computed tomography in diagnosis of maxillary

sinusitis” among Iraqi patients, reported sensitivity of ultrasound as 81.8%,
specificity of 100%, and accuracy of 90.4%.[28] In another study, Zarei et
al. in Iran studied the efficiency of ultrasound scan compared with CT scan
in the diagnosis of acute maxillary sinusitis among children aged 5 to 15
years. The comparison between the two methods of imaging showed that
there is high agreement between the two modalities with a Kappa coefficient
of 74% (P < 0.05). In addition, sensitivity, specificity, negative predictive
value, and positive predictive value were also determined to be 94%, 81%,
88%, and 92%. The error rate of ultrasound in comparison to CT scan was
6.3, 10.7, and 41.7 in diagnosing the normal cases, opacification, and
mucosal thickening, respectively.[12]

Furthermore, a research in Pakistan by Shakeel et al.[29] evaluated the
diagnostic accuracy of ultrasonography in diagnosing maxillary sinusitis in
371 patients. They reported that the ability (specificity) of ultrasonography
in the diagnosis of maxillary sinusitis, taking MRI as the gold standard was
good (84.67%). The diagnostic accuracy was encouraging at 55.75%.
Similarly, Aimar et al. conducted a prospective study titled “Yield of
ultrasound in clinically suspected maxillary sinusitis among paediatric
patients considering computed tomography as the gold standard” in Multan,
Pakistan. Patients between the ages of 3 and 12 years were included.
Ultrasound shows a sensitivity of 45%, specificity of 93%, positive
predictive value of 94%, negative predictive value of 41%, and accuracy of
94%. They concluded that ultrasound offers low sensitivity but very good
specificity and accuracy compared to CT scan.[30] In another research,
conventional ultrasound shows sensitivity of 73.4%, specificity of 100%,
positive predictive value of 100%, and negative predictive value of 50.98%
in the diagnosis of sinusitis in children when compared with CT scan. The
kappa coefficient test revealed a moderate agreement between the ultrasound
and CT scan in the diagnosis of maxillary sinusitis (K = 0.545 and p <
0.001).[31]

The role of B-mode ultrasound for the diagnosis of maxillary sinusitis in
critical patients was studied by Jorge et al. The result showed 91%
sensitivity, 92.5% specificity, 86% positive predictive value, and 95%
negative predictive value.[32] The B-mode ultrasonography was also
compared with CT scan in the diagnosis of maxillary sinusitis in paediatric
patients in Japan. The results of sensitivity, specificity, false-positive, false-
negative, positive predictive value and negative predictive value of B-mode
ultrasonography compared with computed tomography were 92.6%, 100%,
0%, 7.4%, 100%, and 81.8%, respectively.[33] Another study titled
‘Comparison of B-mode ultrasonography and CT scan in the diagnosis of
children's maxillary sinusitis’ was done in Iran by Nemati et al. Patients
were divided into four groups: 1) Normal, 2) Slight mucosal thickening, 3)
Considerable mucosal thickening, 4) Fluid retention in association with
mucosal thickening. Group 1 showed accuracy of about 90% and group 3
and 4 showed accuracy above 90%.[34] Comparison of B-mode ultrasound
and computed tomography in the diagnosis of maxillary sinusitis in
mechanically ventilated patients was also conducted by Hilbert et al. at
Bordeaux, France, in 50 patients with clinical suspicion of paranasal
sinusitis. Sensibility, specificity, positive predictive value, and negative
predictive value of B-mode ultrasound were respectively: 100% (95% CI =
94.9-100.0), 96.7% (95% CI = 82.8-99.9), 98.6% (95% CI = 92.4— 99.9),
and 100% (95% CI = 88.1-100). The concordance between a moderate B-
mode ultrasound lesion and a moderate radiologic maxillary sinusitis on CT
using kappa statistics was 93%. Similarly, the relationship between B-mode
ultrasound’s results and CT scan results assessed using weighted kappa
statistics was 97%.[35]
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Finally, in Africa there is a paucity of literature regarding the role of

ultrasonography in the diagnosis of maxillary sinusitis. At the time of the
literature search, only one similar study had been found on the topic, which
was conducted by Abdalla et al. in Sudan on the characterization of the
maxillary sinus in patients with facial pain using ultrasound scan. The
authors compared ultrasound findings with the CT findings, and the result
showed that the ultrasound has a sensitivity of 76.6% and a specificity of
92.2%.[36]

Conclusion

This study identified a huge knowledge gap and lack of utilization of
ultrasound scan in the diagnosis of maxillary sinusitis in our environment,
despite the fact that the ultrasound scan is a readily availability, cheap, and
non-invasive medical procedure. Synthesis of the literature used in this study
indicates that both A-mode and B-mode ultrasound scans are accurate in the
diagnosis of maxillary sinusitis, with excellent sensibility, specificity,
positive and negative predictive values compared with CT scan, MRI and
sinus endoscopy. Therefore, we recommend the use of ultrasound scan in the
diagnosis of maxillary sinusitis, especially in our environment where there
are factors that limit the utilization of CT scan and MRI (such as repeated
breakdown of the CT and MRI machines, high cost, and lack of good
electricity). Ultrasound scan can also be suitable for individuals for whom
radiation exposure may be harmful, such as children, pregnant women, and
unconscious patients. We also hope this review will trigger more research in
the area of utilization of ultrasound scan in the diagnosis of all head and neck
diseases, not only maxillary sinusitis.

Grey scale ultrasound image of the paranasal sinuses of one of the patients,
showing complete sinugram of the left maxillary sinus and normal right
maxillary sinus containing air (as shown by arrows).

Gray scale ultrasound image showing the sonographic anatomy of the normal
maxillary sinuses containing air (as shown by arrows).
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