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Abstract

The diagnostic criteria for silent sinus syndrome (SSS) are still controversial, especially for the post-traumatic/surgery cases
that are, nowadays, excluded from the diagnosis of SSS because lacking of spontaneously. We present a systematic review of
the last 10 years and our case series of SSS associated to previous trauma/surgery, proposing a new interpretation of SSS. In
this work, following the PRISMA guide lines for systematic reviews, we collected 86 articles published on PubMed, Cochrane
Library and Medline Plus since 2013 to 2023 about SSS. We divided them in six groups forming the structure of the review:
(1) epidemiology, (2) clinical presentation, (3) imaging, (4) etiopathogenesis, (5) sss and craniofacial trauma and (6) treat-
ment. We reported two explicative clinical cases: two men of 34 and 37 years old, involved in motorcycle accident in 2020
and 2014, respectively, and underwent surgery. They came back in 2023 referring diplopia documented by Hess-Lancaster
test. CT-scan reported two clear cases of SSS. Basing on what is reported in literature, and basing on our experience, the
post-traumatic/surgery SSS are more frequent than the idiopathic ones. Our proposal is to considered them as two individual
entities. We propose to adopt the name of Post-traumatic sinus syndrome, or CDR syndrome (Catalfamo-De Rinaldis), for
all cases that respect four specific diagnostic criteria reported into the text.

Keywords Silent sinus syndrome - Chronic maxillary atelectasis - Maxillary sinus hypoplasia - Post-traumatic sinus -
Enophthalmos - Diplopia - Hess-lancaster test - Maxillofacial trauma

Introduction

In 1964 montgomery described a case of enophthalmos
associated to a mucocele of the maxillary sinus [1]. That
was the first description of the entity known as “chronic
maxillary atelectasis” (CMA) or “maxillary sinus hypo-
plasia” (MSH).

In 1994, Soparkar introduced the term “silent sinus syn-
drome” (SSS) to identify all clinical signs and symptoms
correlated to CMA [2].

The scientific community is uncertain about diagnostic
criteria of SSS. One of the main doubt is about its correla-
tion with the chronic maxillary sinusitis even if, currently, an
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essential criterion for diagnosis of silent sinus syndrome is
the absence of symptoms characteristic of Chronic RhinoSi-
nusitis (CRS), as reported in the European Position Paper
on Rhinosinusitis and Nasal Polyps 2020 (EPOS 2020) [3].

However, some authors disagree and suggest to include
into the diagnosis of SSS also all cases of CMA associated
with chronic rhinosinusitis [4].

The following criteria have been proposed for the diag-
nosis of Silent Sinus Syndrome [5]:

1. No episodes of acute rhinosinusitis and no history of
chronic rhinosinusitis;

2. Remodeling and inferior bowing of the maxillary roof/
orbital floor evident in a coronal CT scan;

3. No history of orbital trauma or orbital/sinus surgery;

4. No documented congenital deformity of sinus and/or
nasal cavity.

Kass et al. [6], classified CMA in three stages based on
radiological features:
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e Stage I: membranous deformity,

e Stage II: bony deformity,

e Stage III: clinical deformity (enophthalmos/hypoglobus/
diplopia).

Still today it isn’t clear if SSS and CMA are the same
pathological entity or if they are two distinct entities. In lit-
erature they are still described separately but several authors,
based on the observation that the definition of the stage III
of CMA meet, exactly, the same diagnostic criteria of SSS,
propose to consider SSS and CMA the same entity, and pro-
pose to adopt Kass staging system to describe the natural
evolution of SSS [7-10].

SSS is referred only to the involvement of the maxillary
antrum but sporadic cases of “ethmoidal sinus syndrome”
and “frontal sinus syndrome” are just mentioned in literature
[11-15].

Materials and Methods

Following the rules of PRISMA guide lines, we propose a
systematic review of the last 10 years, since 2013 to 2023,
about the topic of Silent Sinus Syndrome and we present two
of our representative clinical cases.

We used PubMed, Cochrane Library and Medline Plus as
searching engines and we entered ‘“‘silent sinus syndrome”
as key words.

We found a total of 174 papers, forty-five of which were
excluded by their title for one or more of the following
reasons:

¢ Duplication,
¢ Different topic (ex. sick sinus syndrome),
e Language different from English.

So, 129 papers were selected for the Abstract reading.
With the following step, 98 papers were selected for the
complete reading and, finally, 86 manuscripts were collected
for the analysis programmed. We excluded all the articles
that were only case report and that didn’t provide any fur-
ther contribute more than already reported by the others
just selected. After that, we divided the article in two main
groups: the ones relative to SSS in adult patients (80 papers)
and the others reported pediatric cases of SSS (6 papers).

Finally, we divided the articles in six subgroups basing
on the main contribution each of them provided and those
subgroups formed the structure of the review:

I. Epidemiology.
II. Clinical presentation.
III. Imaging.
IV. Etiopathogenesis.

V. SSS and craniofacial trauma.
VI. Treatment.

Each of these topics are described below.

Epidemiology

Silent Sinus Syndrome is a rare, but probably underdiag-
nosed, entity and data of its prevalence are still lacking
[16].

An higher frequency in adult age is reported, between
the 3rd and the 5th decade [17], although some pediatric
cases are also reported [18-24].

Still today, no risk factor has been associated to SSS
[25].

Sivrice et al. [8] estimated a prevalence of 0.92% for
CMA, and of 0.11% for SSS.

D’Agostino et al. [26] found a prevalence of 6.17% for
CMA and of 0.56% for SSS.

In conclusion, the exact prevalence of SSS isn’t still
known, even if several cases report have been reported in
literature [27-34], about 150 [35]. A CMA has even been
find out under the wrappings of an Egyptian mummy [36].

Approximatively, the prevalence of CMA can be esti-
mated about 0.9—6% while that one of SSS about 0.1-0.5%.

Clinical Presentation

Generally, patients with SSS first contact the ophthalmolo-
gist practitioner [37, 38]. Furthermore, the term “silent” just
refers to the development of SSS which is totally without
symptoms. However, in advanced cases, patients with SSS
present evident facial deformities, as orbital asymmetry,
enophthalmos and/or hypoglobus, sinking of the upper pal-
pebral sulcus, palpebral retraction, and palpebral delay in
the downward gaze [39].

Sometimes it’s possible to observe a “pseudopneumoort-
bita”, described as air trapped under the superior eyelid
which gives the appearance of “air into the orbit” in CT
scans [40].

Facial depression of the suborbital cutaneous area [41],
laughter-induced transient vision loss [42], headache [43]
and ipsilateral upper alveolar numbness [44] have been
described too.

It’s known that modifications of the sinus wall and the
orbital floor involve slowly and progressively and develop
over years after the ostiomeatal obstruction but, sometimes,
sinus collapse can be quickly progressive, so that signs and
symptoms of SSS occur quickly since a known cause of an
ostiomeatal obstruction [45], and some authors [46, 47] have
described cases of SSS arises with acute diplopia.
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Imaging

Although suspect of SSS is clinical, its confirmation must
be based on radiology [48].

CT scan is considered the gold standard for diagnosis
of SSS. Generally, Multi Detector Computed Tomography
(MDCT) is required, however, the Cone-Beam Computed
Tomography (CBCT) can produce images with sufficient
high resolution but with much lower radiation burden
(200-1200 pSv vs. 30 uSv) [49].

Radiographic signs of Silent Sinus Syndrome are pathog-
nomonic [5, 50]:

Occlusion of the ethmoidal infundibulum,
Lateral retraction of the uncinate process,
Increase of orbital floor inward concavity,
Opacification of the antrum cavity,

Septal deviation to the affected maxillary sinus,
Decrease of the maxillary sinus volume,
Increase of the orbital cavity volume,
Enophthalmos and/or hypoglobus.

Opacification of the maxillary sinus cannot be considered
a pathognomonic sign of SSS, because it is also present in
several other sinus pathologies (for example odontogenic
sinusitis) but it’s considered a consistent of SSS, as it’s
present in almost all cases. However, several cases of SSS
without opacification of the maxillary sinus are also reported
[17,51-53].

Both CT and MRI allow to obtain the diagnosis of SSS
[54]. Observing the coronal plane, it is possible to recognize
maxillary sinus atelectasis, orbital floor depression and the
opacification of the antrum. However, CT-scan is considered
the gold standard within the radiological exams for diagnosis
of CMA/SSS [55].

Finally, SSS is a monolateral pathology but sporadic
cases (about 5-6 cases) of bilateral SSS have been described
[56-60] also as metachronous presentation [61].

Etiopathogenesis

The acquired obstruction of the ostiomeatal complex of Hig-
moro antrum is the primum movens for the onset of SSS.
The obstruction results in an hypoventilation and a negative
pressure into the sinus [43]. Although a chronic inflamma-
tory process, consequent to mucosal stagnation, is inevitably
present, pathogenesis of SSS is more likely due to anatomi-
cal/mechanical factors [62].

Kass et al. [63] measured the manometric pressures pre-
sent into the antrum of patients affected by SSS finding an
average value of —8.4+2.6 cmH,0, while the normal pres-
sure should be isobaric.
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SSS has also been associated to IgG4-related orbitopathy
[64], to a mass in the deep masticatory space [65] and to a
Small Lymphocytic Lymphoma [66].

SSS and Craniofacial Trauma

The traditional definition of SSS exclude the presence of a
prior craniofacial trauma and/or sinus surgery. However, in
literature, there are several cases report compatible with a
diagnosis of SSS except for a previous trauma [67], so the
recent literature suggests the possibility to include them into
the traditional SSS [68-73].

Treatment

The treatment of SSS has two goals. The first is to restore
the maxillary sinus aeration, the second aim is to recover the
orbital architecture [74].

The ventilation of the maxillary sinus can be achieved
endoscopically creating a rhinoantral access. In many
cases, the orbital floor resumes spontaneously its original
position as a result of the only aeration of the antrum [74]
while sometimes the sinus antrostomy is not sufficient and
becomes necessary an orbital floor surgical restoration [75,
76].

Some authors suggest to performe simultaneously the
antrostomy and the orbital floor restoration [77, 78], others
suggest to perform them deferring but some authors believe
that, after antrostomy, there should be an observation period
between 2 and 6 months before to procede with the correc-
tion of the orbital floor [79].

The gold standard for sinus access is FESS (Functional
Endoscopic Sinus Surgery) with or without orbital floor
reconstruction [80-82].

However, both the necessity and the timing of orbital sur-
gery are debatable. There are three options: (1) FESS with
simultaneous orbital reconstruction, (2) FESS with orbital
reconstruction delayed of 2—6 months, and (3) FESS without
orbital surgery [83].

Unconventional surgical procedures have also been
described, for example it has been reported a case of SSS
treated with balloon sinuplasty technique [84], or using a
modified Foley catheter introduced into the pathological
sinus and inflated [85], or with custom made prosthesis [86],
or with HAG (Hyaluronic Acid Gel) intraorbital injection
in extraconal position [87, 88], or by neuronavigation [89].

Our Experience

We present two explicative clinical cases, on 64 examined,
on beyond 400 cases of orbital floor operated in the last
10 years.
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Case 1

LT., 34 year-old-man, white. He was involved in a motor-
cycle accident on 25th January 2020. After the impact, he
was rescued by the passersby and suddenly conducted to G.
Martino Hospital of Messina (Italy) where he underwent a
Craniofacial CT scan.

The radiological examination denied the presence of
brain lesion but proved the presence of multifragmentary
fracture of the nasal bones, a fracture of the nasal septum,
of the anterior, lateral and medial walls of the left maxillary
sinus, of the left medial pteryogoid process and of the left
orbital floor. It revealed, also, a plurifocal fracture of the left
lamina papyracea and a fracture of the inferior orbital frame
extended to the ascendent branch of the maxilla.

In Fig. 1 are reported an axial and a frontal scans and a
3-D reconstruction of the immediate post-traumatic event.
In these images it’s possible to note that the volume of
the maxillary sinus and of the orbital cavity involved
are totally comparable to the contralateral ones, and no

Fig. 1 Axial and frontal scan
and 3-D reconstruction of
immediate post-traumatic event

difference within right and left side of the skull is evident
in the 3-D reconstruction too.

The patient underwent surgery 4 days after the admis-
sion. Surgery was performed under general anesthesia and,
through a subciliary approach, the fracture of the orbital
frame was restored and a thin matrix of alloplastic mate-
rial (Medpor, microporous polyethylene high-density) was
placed above the collapsed orbital floor.

The fracture of the inferior orbital frame was fixed by a
5-hole microplate and four screws of 5 mm length.

The patient was discharged 7 days and no complication
occurred during the first post-operative period.

The patient hadn’t any kind of complaint for the next
3 years until, in December 2022, he came back to our
clinic reported a vertical and horizontal diplopia.

The patient underwent orthotic evaluation with Hess-
Lancaster test (Fig. 2). The test proved the presence of a
latent hypotropia and esotropia, indeed, the patient pre-
sented a diplopia looking up and towards the left side.
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Fig.2 Hess-Lancaster test per-
formed on December 2022

Verde davantl all’'0. § Verde davanti aii"Q. D.

Our first hypothesis was that a dislocation of the titanium
plate placed in January 2020 occured, so the patient under-
went a Craniofacial CT-scan.

However, no dislocation of the titanium plate was
reported in the images, but they clearly showed a reduction
of left maxillary sinus volume and an increase of the ipsi-
lateral orbital cavity volume.

The left antrum was totally obliterated by hyperdense
tissue until the ostioinfundibular region; the ostiomeatal
complex was flared and inverted, while the infundibulum

Fig.3 December 2022 CT-scan:
enophthalmos, hypoglobus and
globes asymmetry

@ Springer

appeared medially retracted. The left orbital floor was
deflected on the sinus side with a concave upper profile.

The inferior rectus muscle was stretched downwards
and verticalized, with prevalence of the longitudinal axis
(7-8 mm) in comparison to the transverse axis (6 mm).

Observing the patient from the submental view (Fig. 3),
enophthalmos of the left eye was quite evident while, observ-
ing him from the frontal view, the hypoglobus and down dis-
location of the ipsilateral globe were unequivocal. However,
any alteration was evident in the 3-D reconstruction.
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All the findings described seem to be an expression
of a “silent sinus syndrome”, as was reported by the
radiologist.

In Fig. 4 are reported the measures of the two orbital cavi-
ties and the two maxillary sinuses. It’s evident that the differ-
ence between the sagittal axis of the right and the left sinus
is 7.4 mm (2.63 cm the right antrum and 1.89 cm the left
one), the difference between the transversal axis of the two
sinuses is 1.8 mm (2.63 cm the right antrum and 2.47 cm
the left one).

Both the measures have been taken in the CT-scan slide
in which the volume of the orbital cavities appeared greater.

In the same slide we measured the difference between the
sagittal and the transversal axis of the right and left orbital
cavity.

The difference between the left and the right sagittal axis
of the orbital cavities is 7.6 mm (4.06 cm the left orbital
cavity and 3.30 cm the right one), the difference between
the transversal axis of the two orbital cavities is 5.4 mm
(3.86 cm the left orbital cavity and 3.32 cm the right one).

We also measured the depth and the width of the antra on
the axial view, considering the slide in which the two maxil-
lary sinuses appeared greatest. The difference between the
depth of the two sinuses is 2.4 mm (3.19 cm the depth of the
right sinus and 2.95 cm the left one), while the difference
between the width of the two sinuses is 2.1 mm (2.68 cm the
width of the right sinus and 2.47 cm the left one).

Fig.4 CT-scan of December
2022 with the measures of the
antra and of the orbital cavities
volume

After that, we measured the retrusion of the left eye,
choosing the slide in which both the corneas were free from
the superior eyelid. We drawn a line tangent to the most
anterior point of the left and the right cornea and we meas-
ured the distance between the two lines, that is 5.62 mm, that
is the measure of the left eye retrusion.

Another measure that we believed useful was the distance
between the anterior wall of the maxillary sinuses and the
cutaneous surface, that are 1.12 cm on the right and 1.19 cm
on the left. This means that the anterior wall of the left sinus
is further back of 7 mm in comparison to the left one.

Analyzing the pre-operative CT-scan we confirmed that
the volume of the maxillary sinuses and of the orbital cavi-
ties of the patient were quite normal in 2020. As we can see
in Fig. 1 there were any difference between the two sides of
the orbital cavity and of the maxillary sinus.

Case 2

D.C., 37 years old, caucasian man. He was victim of a road
accident in February 2014, when he was only 17 years old.
In the incident he reported multiple fractures of the face,
involving both the lower and the middle face.

The patient underwent urgent surgery during which the
anatomy of the facial skull was well reconstructed (Fig. 5).

The patient was completely free of symptoms for almost
10 years, when he came back to our clinic in May 2023

5.62 mm

i)
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4

3.19 cm
! 2.68cm
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Fig.5 3-D reconstruction of the
facial skull of patient that shows
the presence of plate and screws

referring a persistent vertical diplopia arises in the last
2 months.

The Hess-Lancaster test (Fig. 6), performed in the same
May 2023, proved a mild hypotropia of the left eye.

A few days later the patient underwent a CT-scan of
the facial skull that proved a reduction of the volume of
the left antrum, above all in its transversal diameter, just
6.92 mm in comparison to 3.19 cm of the contralateral one
(Fig. 7) while the vertical diameter was quite preserved
(4.15 vs. 4.35 of the contralateral one). The CT-scan
proved also an increase of the volume of the left orbital
cavity whose vertical diameter was 36 mm greater in com-
parison to the contralateral one (3.86 cm the left orbit and
3.50 the right one) and the horizontal diameter was 20 mm
greater (3.37 cm the left in comparison to 3.17 of the right

Fig.6 Hess-Lancaster test
performed in May 2023

one). Observing the patient in frontal view, it’s possible
to note an asymmetry of the eyes position with an evident
downward position of the left globe, while the CT-scan
showed, in the axial view, a retroposition of the eye.

Discussion

In this work we would express the opinion that the same
condition of ostiomeatal infundibulum obstruction can be
idiopathic or induced by other causes, as trauma involving
the nasal cavity, the orbit or, more generally, the middle
face, with a clinical presentation similar to the idiopathic
ones. Today they are out of diagnostic criteria of SSS but,
in our opinion, they are the most frequent.
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Fig.7 CT-scan of May 2023

Conclusions

Based on that just exposed, we propose to keep separate
the conditions of idiopathic CMA from those with previous
trauma associated. We propose to continue to identify the
idiopathic ones as silent sinus syndrome but to consider all
the secondary cases as “Catalfamo-De Rinaldis Syndrome”
(CDR Syndrome) if the following criteria are present:

1. Diplopia and/or evident globe eyes asymmetries.
Increase of horizontal and/or vertical diameters of the
orbital cavity, in comparison to contralateral one, meas-
ured on the slide of a CT-scan in which the two cavities
appeared greatest.

3. Reduction of horizontal and/or vertical diameters of
the maxillary sinus, in comparison to contralateral one,
measured on the slide of a CT-scan in which the two
cavities appeared greatest.

4. Previous trauma involving the middle face bones.
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