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ABSTRACT
Objective: To measure the intra-sinus pressure and the maxillary sinus functional efficiency (MSFE) in individuals with chronic facial pain
after conservative or conventional endoscopic maxillary surgery, as well as in controls. Method: Sinus manometry was performed 5 times
during inhalation. Results: The resemblance of pressure values comparing those treated with minimally invasive surgery and controls was
remarkable, while traditional surgery significantly decreased intrasinusal pressures. The MSFE was 100% in the three tested times for
controls, close to that in those submitted to minimally invasive surgery (98.3%, 98.8%, and 98.0%) and significantly impaired after
conventional surgery (48.8%, 52.1%, 48.5 %, p,0.01). All patients submitted to minimally invasive surgery remained pain-free after three
months of surgery, relative to 46.7% of the submitted to conventional surgery (p,0.05). Conclusion: Minimally invasive sinus surgery is
associated with functionality of the chambers that resemble what is found in normal individuals.
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RESUMO
Objetivo: Medir a pressão intrasinusal e a eficiência funcional do seio maxilar (EFSM) em indivíduos com dor facial crônica após cirurgia
endoscópica maxilar conservadora ou convencional em comparação a pessoas normais. Método: A manometria do seio foi feita 5 vezes
durante a inalação. Resultados: A semelhança entre os valores das pressões comparando aqueles tratados com cirurgia minimamente
invasiva e os controles foi notável, enquanto que na cirurgia tradicional houve diminuição significativa das pressões intrasinusais. A EFSM
foi 100% nas três vezes testadas nos controles, de modo muito semelhante ao que foi observado naqueles submetidos a cirurgia
minimamente invasiva (98,3%, 98,8%, e 98,0%) e significativamente diminuída naqueles submetidos a cirurgia convencional (48,8%,
52,1%, 48,5 %, p,0,01). Todos os pacientes submetidos a cirurgia minimamente invasiva mantiveram-se sem dor três meses depois da
cirurgia, comparados a 46,7% naqueles submetidos a cirurgia convencional (p,0,05). Conclusão: Cirurgia minimamente invasiva está
associada a funcionalidade das câmaras sinusais que se assemelha ao que é observado em indivíduos normais.

Palavras-chave: dor facial, cavidades nasais, manometria, modelo biofísico, cirurgia endoscópica.

The facial sinuses develop as outgrowths from the nasal
cavity, hence communicating directly or indirectly to the nose.
The ostium meatal complex (OMC) connects the nasal cavity
to the paranasal sinuses. Its peculiar structure and shape
allows the maxillary sinus to ventilate in a “low pressure sys-
tem”. Accordingly, the occlusion of the OMC results in a slow

but progressive increase in the intra-maxillary sinus pressure
which, in turn, predisposes to tissue hypoxia, a powerful indu-
cer of nitric oxide (NO) synthesis and pain. It has been demon-
strated that NO levels correlate with OMC obstruction1,2,3,4.

Sinus headache is a term widely assigned to individuals
with facial pain. The inappropriate diagnosis of sinus
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headache can lead to unnecessary diagnostic studies, sur-
gical interventions, and medical treatments5,6. Although the
vast majority of individuals diagnosed as having sinus head-
aches represent diagnostic errors, headache and facial pain
of rhinogenic origin are real and often seen in clinical prac-
tice7. In some circumstances, the etiology of pain resides on
the maxillary sinuses and is secondary to chronic infection5,6.
Surgeries are sometimes indicated to treat these cases6.

Biophysical models suggest that excessive enlargement of
the sinus ducts worsens, rather than improves the ventila-
tion of the cavity3. Therefore, it is recommended that the
standard anatomy is respected as much as possible during
surgery, in order to achieve optimal functional result8.
Evidence to substantiate the best surgical approaches in
patients with facial pain secondary to maxillary problems
is still lacking. Accordingly, herein we measured the air flow,
intra-sinus pressure, and the maxillary sinus functional
efficiency (MSFE) in individuals with chronic facial pain
and surgical indication to maxillary sinus surgery before
and after conservative or conventional endoscopic surgery,
in order to correlated the MSFE with pain outcomes.

METHOD

Sample consisted of 30 patients that were consecutively
seen in a specialty clinic with clinical symptoms suggestive
of unilateral maxillary sinusitis and diagnostic confirmation
by computerized tomography of the face and by nasal endo-
scopy. All participants had moderate to severe facial pain,
sub-continuous with exacerbations (often due to barometric
changes), made worse by bending forward or by lying down.

To be eligible for this study, participants had to experience
pain and symptoms of sinusitis for at least three months, as
well as to have failed to conventional medical therapy, as
recommended by the 2012 guidelines of the Infectious
Diseases Society of America6. To be documented as failure, sub-
jects had to have properly used several antibiotics regimens
including amoxicillin/clavulanate, azithromycin, clarithromy-
cin, trimethoprim/sulfamethoxazole or ciprofloxacin.

After consenting to participate, volunteers were rando-
mized into one of two groups as follows:
N Group A: Submitted to minimally invasive functional
endoscopic sinus surgery (FESS) of the OMC9. This
approach preserves the anatomical of the OMC, through
minimal enlargement of the maxillary ostium.

N Group B: Submitted to conventional FESS, which includes
ethmoidectomy and massive enlargement of the
maxillary ostium10.

Both procedures are routinely performed as standard of
care for such situations11,12,13,14, and did not represent sur-
gical innovations.

Procedures
Since manometry consists of the evaluation of the gauge

pressure between two cavities in which air is present, it can
only be performed when effective air exchange into these
structures is present (it cannot be performed when the sinus
is obstructed). Accordingly, manometry was conducted 30
days after the surgical procedure once ventilation of the
maxillary cavity had been restored. The measurements were
compared with those obtained from controls (n=20), who
had attended the same clinic but had nose or sinus disorders
excluded. They were not subjected to the nose endoscopy
for this study, but as part of their medical care, in order to
thoroughly exclude any pathology or anatomical anomaly
(e.g., concha bullosa, paradoxical turbinate, pneumatized
agger nasi, septal spur). They consented to participate in this
study as controls.

Manometry was performed using a customized digital
nose and sinus manometer (Gamerra-MG1TM) (Figure 1),
connected to a rubber tube and a steel probe. The probe
was positioned in the maxillary sinus ostium. The instru-
ment was first introduced in the middle meatus with the
probe pointing upwards, and subsequently rotated to form
an angle of 120° (clockwise in the left nasal cavity and coun-
terclockwise in the right nasal cavity) through the infundibu-
lum of the maxillary sinus ostium. Accordingly, the probe
was positioned just behind the uncinate process, and its
proper position was confirmed by endoscopy (Figure 2).

The subjects were asked to breath through the nose.
Pressure values were collected before starting inhalation
and every second after the onset of inhalation, for four sec-
onds. At time 0 (start test time) and at time 4 (end of testing)
pressures were obviously equal to 0.00 mbar (serving as
checks to the validity of the system). Tests were conducted
after a previous acclimation of the patient at a given

Figure 1. Digital manometer connected to a rubber tube and a
steel probe (top; right), as well as the data recording system.
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temperature and humidity, to reach the environmental
requirements for the optimal function of the instrument10,11.

Based on the observed parameters, the MSFE was
calculated as the ratio between pressure values (∆p)
observed in Group A or Group B p and the corresponding

pressure values (∆pStandard) of the control group

∆p
( MSFE ≡ ×100)∆pStandard

Headache characteristics were collected using a daily
headache diary, for the duration of the study.

Descriptive statistics and testing for normality were con-
ducted for the variables presented herein. Values were con-
trasted using the paired (within group) and unpaired (across
groups) Student T test.

The study and consent forms were approved by the
Ethics Committee of “San Leonardo Hospital”, Azienda
Sanitaria Locale Napoli 3, Naples.

RESULTS

Demographic characteristics of cases (n=30, 50% men,
mean age=42.6 years) and controls (n=20, 50% men, mean
age=40.2 years) were very similar.

Figure 3 displays the mean manometry values as a func-
tion of treatment group. The resemblance of pressure values
comparing Group A (minimally invasive surgery) and con-
trols is remarkable. It is also evident that individuals in
Group B had substantially decreased intracavity pressures
during the entire inhalation period. For example, 1 second
after the onset of inhalation, mean values were -1.38 for con-
trols, -1.30 in Group A, and -0.09 in Group B (p,0.001 con-
trasting Group B vs. Group A and controls – no significant
differences comparing Group A and controls). At time 2,

mean values were respectively -2.75, -2.70 and -0.11
(p,0.001 contrasting Group B vs. Group A and controls –
no significant differences comparing Group A and controls).
At time 3, values were -0.61 both for controls and Group A,
and -0.09 for Group B (p,0.001 contrasting Group B vs.
Group A and controls – no significant differences comparing
Group A and controls).

The MSFE was 100% in the three tested times for con-
trols. In group A they were similar and to what had been
observed for controls (98.3%, 98.8%, and 98.0%), while in
group B, values were significantly different (48.8%, 52.1%,
48.5 %, p,0.01 for all comparison times).

All patients submitted to minimally invasive surgery
remained pain-free after three months of surgery, relative to
7 patients (46.7%) submitted to conventional surgery (p,0.05).

DISCUSSION

Headaches of rhinogenic origin illustrate an interesting
paradox. Little is known about their pathophysiology,
mechanisms and prevalence; yet, the concept that these
headaches are of importance is widely accepted (vide the fre-
quency to which headaches are simply diagnosed as being
“sinus headaches”)15,16. A necessary step to change this back-
ground is to identify a recognizable source of rhinogenic
pain (e.g. trough neuroimaging) and then to proceed to ana-
tomical descriptions as a prelude to understanding the
pathophysiology of this form of pain. In a prior study, we
estimated the endo-sinusal pressure in patients with
fronto-turbinalis sinus expansion suffering from daily head-
aches in which contact points had been excluded15. We
found that restoration of the sinus pressure was associated
with clinical improvement.

Similar problem may happens when the maxillary
sinuses have their ventilation impaired15,17,18. Sometimes,

Figure 2. Endoscopic view while positioning of the probe in the
maxillary sinus ostium.
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Figure 3. Mean pressure values at five consecutive times,
obtained in controls (blue curve), Group A (orange curve) and
Group B (brown curve).
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surgical indication exists in order to address the anatomical
cause of the problem and consequent pain. In the past,
approaches were aggressive, requiring inferior meatal
antrostomy and the radical sublabial antrostomy as
described by Caldwell and Luc17,18. These approaches have
been largely replaced by FESS, which allows better dia-
gnostic assessment of the nasal cavities and close monitor-
ing of postoperative progress19,20. Nonetheless, FESS can also
be conducted at different degrees of invasiveness.

Accordingly, herein we we contrasted outcomes of endo-
scopic nasal sinus surgery performed with two different
degrees of invasiveness. To the best of our knowledge, this
had not yet been conducted. In our Group B, the uncinate
process was completely resected. Instead, in Group A we
performed a “partial inferior uncinectomy”3,19,20. We found
that minimally invasive surgery is associated with better
clinical outcomes in terms of resolution of pain and optimal
functional levels (ventilation), that are identical to those
without intervention (controls) and very different than in
those submitted to more radical surgeries (Group B).
Although the study was not designed to measure pain
improvement, it did happen more often in those with min-
imally invasive surgery relative to conventional approaches.

The structure and shape of the OMC allows the maxillary
and frontal sinuses to ventilate in “low pressure systems”.
This biophysical model3 favors approaches that aim not only
to correct the pathology but also to correct the anatomical
anomalies with the consequence of the restoration of
optimal ventilation. Both methods tested here are adequate
to address the underlying pathology but, as demonstrated by
our data, they yield very different physiological outcomes.
Minimally invasive surgery yielded virtually normal MSFE
values while the conventional approach compromised nearly
50% of the MSFE that was half compromised, and this was
not optimal. Accordingly, we demonstrated that minimally
invasive surgery minimizes variations to the sinus ventilation
by preserving the biologic mechanisms that regulate the physi-
ology of ventilation of the sinus cavities. This is associated with
functionality of the chambers that resemble normal indivi-
duals. We also provided preliminary evidence that facial pain
outcomes were different as a function of the procedure.
Future studies should expand on our findings, and more meti-
culously assess headache features. Future studies should also
collect long-term follow-up data, focusing on whether recid-
ivism of sinusitis varies as a function of surgical approach, or
if facial pain remission persists in the long-term.
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