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Introduction

People can live for 40 days without food and 4 days without
water, but can only survive for 4 minutes, at most, without
breathing.1Thismedical aphorismsynthesizes the importance
of respirationand, as thenose is responsible for 70%of the total

airway resistance,2mastering thesurgical techniquesavailable
to increase nasal patency, including the middle turbinectomy,
is essential for otolaryngologists. A healthy sense of olfaction
guarantees quality of life by preserving the ability to experi-
ence flavor and thus, to derive pleasure from gastronomy. It is
also essential for maintaining self-confidence and good social
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Abstract Introduction Nasal obstruction is a common complaint, and, for some, the middle
turbinate resection is still a controversial issue among the surgical options due to the
possibility of deleterious effects on olfaction. The University of Pennsylvania smell
identification test (UPSIT) is considered the gold standard of smell identification tests,
but data about it is still incipient in Brazil.
Objective To evaluate if the middle turbinectomy has any repercussion on the sense
of olfaction by using the UPSIT as an assessment tool.
Methods A prospective study performed between 2013 and 2015 with 27 patients
who were treated with middle turbinectomy by the same surgeon and tested with the
UPSIT pre- and post-surgery, with a minimum interval of 3 months.
Results Twenty-five patients completed the study. The mean age was 27.9 years.
There was no statistical correlation between middle turbinectomy and the UPSITscore,
or between gender and the UPSIT score.
Conclusion There was no clinical repercussion on olfaction from partial middle
turbinectomy.
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relationships aswell as forkeeping thehomesafebyalerting to
possible fire situations.

Recent modeling studies have shown that small altera-
tions in nasal anatomymayalter local airflowand turbulence
to a much greater extent than they alter total airflow.3

Although Clement4 showed an increase in the publication
of studies on surgery of the middle turbinate in parallel with
the development of functional endoscopic sinus surgery
(FESS), only a fewof these studies focused on the relationship
between the middle turbinate resection and the sense of
olfaction.5–7 There are still controversies about the safety of
middle turbinectomy and even less information in a popula-
tion of patients free of sinusitis, probably with less inflam-
matory sequelae to its olfactory neuroepithelium.

The patients’ subjective assessments of olfactory acuity do
not correlate with the results of the smell tests, in general.
The fact that Fornazieri8 had just concluded the standardiza-
tion of the smell test (University of Pennsylvania Smell
Identification Test [UPSIT]) for the Portuguese language,
with proper adaptation to the Brazilian culture, provided
an interesting tool for national clinical investigations in
multidisciplinary fields (geriatrics, neurology, neurosurgery,
besides ear, nose and throat [ENT]).9–11

The goal of this study is to evaluate the repercussion of the
middle turbinectomy in the olfactory sense by using the
UPSIT as an assessment tool, and also to contribute to
rhinology in the understanding of the risks and benefits of
this procedure.

Methods

This study was approved by the ethics committee of the
institution (23/2013). Twenty-seven patients were selected
in a study of a contemporary longitudinal cohort, including
both sexes. The patients included in the study had not suc-
ceeded in improving nasal obstructionwith clinical treatment;
thus, they underwent septoplasty and middle turbinectomy
with the purpose of ameliorating the nasal patency. This
decision was based on the patients’ disease process as defined
by signs, symptoms and preoperative nasal fiberoptic exam.
The foremost signwas the presence of a middle turbinate that
appeared large and bulged anteriorly, with a moderate to
severe inflammation or suspicion of bullous concha, in a way
that overcame the obstruction aspect of the inferior turbinate.
They were classified as type 3, according to the classification
proposed by Lee,12which is further discussed somewhere else.
The inferior turbinates were not operated in any case.

Prior to surgery, all patients signed a free and informed
consent form approved by the ethics committee. In order to
ascertain olfactory acuity, they took the UPSIT, which consists
of four booklets, each with 10 pages, amounting to 40 micro-
encapsulated scratch and sniff odorant strips located at the
bottomof each page, and are supposed to be presented to both
nostrils simultaneously. The subject releases the odor by
scratching thestripwithapencil tip, in a standardizedmanner.
Heor she then indicates the smell that isperceivedbychoosing
a name from a set of four odor descriptors located just above
the odorized strip. This test scoring is based on the number of
correct answers that can range from 0 to 40, in which 0
represents complete anosmia and 40 represents a perfect
score, interpreted according to the individual’s age andgender.
The patients who stated subjectively that they did not have a
normal sense of olfaction, and those with alterations in the
computed tomography (CT) scan of the paranasal sinuses,
compatible with chronic rhinosinusitis, were not allowed to
participate in the study.

Two patients were lost to follow-up.
Themiddle turbinate resectionwas similar on each side; a

Jansen- Middleton forceps was used to remove the ante-
roinferior two-thirds of the turbinate, generally, in two or
three strips. This preserved the superior sagittally-oriented
portion of the middle turbinate as a landmark, and a regular
portion, posteriorly, in the region of the sphenopalatine
foramen to avoid life-threatening bleeding and to guarantee
the stability of the remnant middle turbinate, an approach
that is shared by other authors.4,11,14

Results

The sample used in this study consisted of 25 people,
including 11 males (44%) and 14 females (56%). The average
age was 27.9 years old.

There was no UPSIT score difference between the groups
(►Table 1).

There were no UPSIT score differences between genders
(►Table 2).

Discussion

All physiological functions of the nose, including the sense of
olfaction, start with air flow. The impact of middle turbinate
(MT) resection on olfaction has been debated, and arguments
for both improvement and impairment of olfactory sense, as
a function of airflow changes, have been proposed and

Table 1 Statistical Analysis of UPSIT scores

Timing No. of cases Mean Median Minimum Maximum SD p�

Pre-surgery 25 35.2 37 27 39 3.7

Post-surgery 25 35.4 37 27 40 3.5

Post – Pre 25 0.2 0 �2 2 0.9 0.221

Abbreviations: SD, standard deviation; UPSIT, University of Pennsylvania Smell Identification Test.
(�) Wilcoxon rank sum test; p < 0.05.
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include: 1) increased airway volume following MT resection
could reduce nasal resistance and increase airflow and
odorant transport to the olfactory cleft; or 2) MT resection
could disrupt the patterns of normal airflow that channel
odorant molecules to the olfactory cleft. In general, only a
small portion of the total inspiratory nasal airflow, ranging
from 5– 15%, flows through the superior meatus where,
theoretically, the largest area of the olfactory neuroepithe-
lium (ON) is located. However, the presence of ON in the
middle turbinate has not been definitely documented. More
and more the researchers from the basic area show the
enormous complexity of nasal physiology.3,5,15

Leopold et al16 studied the relationship between bilateral
human olfaction and nasal anatomy in 34 hyposmic patients
(with CT and an odor identification test called odorant
confusion matrix). He identified three areas influencing
olfaction: i) located beneath and anterior to the cribriform
plate; ii) in the space in the posterior portion of the nose and
iii) below the cribriformplate. In 2002, Damm17has analyzed
normosmic subjects without nasal pathology, exploring also
intranasal volumes, but with magnetic resonance imaging
(MRI) and active anterior rhinomanometry. The scores found
were slightly better for the right nostril and suggested a
dominance of the right hemisphere; although no significant
correlation was found between rhinomanometric measures
and intranasal volumes, the intranasal volumes in the upper
meatus (the area below the cribriform plate) and in the
anterior nose, lower meatus, appear to be especially impor-
tant to the sense of smell. From this last discovery, one could
say that a change in a point far from the olfactory cleft can
make dramatic changes in the smell ability and, on the other
hand, improving the access to the superior meatus (maybe
with a middle turbinectomy) could also influence positively
the sense of smell.

A huge step forward was given with investigations using
the technology of computational fluid dynamic (CFD), which
is similar to the idea of using wind tunnels to study the
automotive aerodynamic parameters (pressure, velocity,
streamlines and wall shear stress) , with the purposes of
individualized models.15,18,19 Zhao15 took advantage of the
data from an isolated concha bullosa resection (without the
variable of concurrent surgery on other portions of the nose)
and with CFD analyses affirmed that, in this particular
patient, partial MT resection did not impact overall nasal

airflow patterns and resistance, but it did alter the regional
airflow profile proximal to the osteomeatal complex. No
significant changes in the uptake flux of a marked substance
onto the olfactory cleft mucosa were observed post-surgery.

The distribution of the human ON is not entirely clear. It is
thought to be situated within the olfactory cleft of the nasal
cavity in the dorsal aspects of the nasal vault, septum, and
superior turbinate. Biopsy studies9,16,20,21 that report sparse
distribution of olfactory neurons on the septal anterior and
middle portions of the MT further complicate a thorough
understanding of the impact of MT resection on olfaction.
Pinna22 showed that in hematoxylin-eosin (H&E) stained
slides, ONwas present in only one anterior half of themiddle
turbinate (from 50). According to the prevalence ratio, the
odds of finding ON was 4.9 times greater in the superior
turbinate than in the middle turbinate.

In conclusion, arguments for and against MT resection
have been made on the basis of surgical convenience, risk of
complications, postoperative care, physiologic principles
and personal belief. Surgeons who favor MT resection cite
improved visualization and ease of surgical antrostomy, the
removal of osteitic material, decreased synechiae formation
postoperatively, and ease of postoperative management. In
contrast, surgeons who advocate preservation have argued
that the MT is an essential surgical landmark and that its
resection could contribute to a cerebrospinal fluid leak,
anosmia, or frontal sinusitis, as well as disruption in nasal
air conditioning, particle deposition, and airflow.

In theory, any nasal surgery could affect olfaction.
Noticeably, this study has focused on the repercussion of
MT resection on the olfactory function of patients free from
sinusitis. The UPSIT, which is considered by many authors as
the gold-standard of smell identification tests, was used as
an assessment tool at a profitable moment, when a version
adapted to the Brazilian population had just been published.
As far we know, this is the first national study using this new
version of the UPSIT and probably one of the least known in
the literature in Brazil.

Another relevant point of this study is the long follow-up
(average of 11 months) and the sample exclusively free from
patients with sinusitis. The largest scope of data about
middle resection comes from FESS, because the MT seems
to be a remarkable anatomical reference. In this context, the
most similar study involving UPSIT comes from Friedman,5

Table 2 Statistical analysis according to gender

Timing Gender n Mean Median Minimum Maximum SD p

Pre-surgery Female 14 36.8 38 27 39 3.2 0.008�

Male 11 33.2 33 27 38 3.5

Post-surgery Female 14 36.9 38 29 40 2.9 0.013�

Male 11 33.5 33 27 38 3.5

Post – Pre Female 14 0.1 0 �2 2 1.0 0.800��

Male 11 0.4 0 �1 2 0.8

Abbreviation: SD, standard deviation.
(�) Nonparametric Mann-Whitney; p < 0.05. (��) Analysis of covariance (ANCOVA) considering the pre-score as a covariate; p < 0.05.
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who also concluded that there was no correlation between
olfaction and resection or preservation of the MT.

Two limitations of this study are: the absence of correlation
of the samples resected from the MTs with immunohisto-
chemistry, as well as the concomitant septoplasty performed.
As previously mentioned, there is no consensus about the
presence of olfactory epithelium in theMTs and this is already
currently being addressed in a new study by the main author.
And we judge that, although there are few indications for
isolated middle turbinectomies, without septoplasty, it could
be a way to find a more precise correlation.

We cannot recommend MT resection as a universal pro-
cedure when attempting to improve nasal patency because
this proposition should be made only after a controlled-
randomized study. However, we can suggest that, in selected
cases, a specialist could resect the anterior two-thirds,
complementary to a septoplasty (or even during FESS) in a
way that is safe to olfaction.

Conclusion

This study demonstrated that partial MT resection does not
influence olfaction.
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