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Abstract
Purpose of Review The understanding of the inferior turbinate (IT) function, role in nasal obstruction, and its management 
for symptomatic relief has evolved. We aim to provide a comprehensive review of the anatomy, contribution to nasal func-
tion and response of the IT to sinonasal disease.
Recent Findings Techniques to study the nasal physiology are expanding; these include the computational flow dynamics 
that has allowed a better understanding of the function and role of the inferior turbinate in normal respiration and airway 
obstruction.
Summary The IT function includes warming, moisturizing, and filtering the air prior to the entrance to the lower airways. 
More sophisticated techniques have been developed to study the nasal physiology, though not widely used in clinical practice.

Keywords Inferior turbinate · Nasal obstruction · Airway obstruction · Normal respiration · Hypertrophy of the inferior 
turbinate

Introduction

The approach in the management of the inferior turbinate 
has evolved and continues to evolve as we continue to under-
stand the importance of this structure in the sinonasal cav-
ity. Otolaryngologists recognize the middle and superior 
turbinates as important structures in the nasal cavity. The 
complex anatomy of the middle turbinate, and its proxim-
ity to the sinus cavities, requires surgeons to thoroughly 
understand its embryology, anatomy, and function. The role 
of the superior turbinate, particularly with respect to olfac-
tion, requires surgeons to better comprehend its anatomy to 

preserve its structure and function during surgery. Some may 
argue it is the most important turbinate in the nasal cavity. A 
better understanding of the anatomy, function, and response 
to various sinonasal conditions will provide surgeons a better 
understanding on how to approach the inferior turbinate in 
its management.

Anatomy

The embryology of the inferior turbinate is very similar 
to that of the middle and superior turbinates. Two studies 
have shown the inferior turbinate originates directly from 
the lateral portion of the cartilaginous nasal capsule [1, 2]. 
The inferior turbinate is cartilaginous in nature during the 
14th week of gestation, but during the 17th or 18th week, 
ossification of cartilage takes place along the lateral half of 
the inferior turbinate. The free edge of the inferior turbinate 
remains cartilaginous until the 36th week [2]. The upper 
margin of the cartilage prior to ossification is attached to 
the maxillary bone and is likely the fracture point during 
intraoperative out-fracturing [2].

The vascular supply of the inferior turbinate is given 
by the inferior turbinate artery that arises in 54.2% of the 
cases exclusively or in 16.6% partly off the descending 
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palatine artery [3]. Most commonly, 3 arteries branch 
within the inferior turbinate (IT): one superomedially, 
inferomedially, and inferolaterally [3]. Surprisingly, the 
caliber of the artery gets larger as it courses toward the 
inferior turbinate anteriorly, and it is believed to occur due 
to anastomosis with facial artery at the pyriform aperture 
[4]. Some surgeons may experience troublesome bleeding 
along the anterior face of the inferior turbinate following 
inferior turbinate procedures.

The innervation of the inferior turbinate primarily comes 
from the posterior inferior nasal nerve (PINN) as well as 
branches of the superior inferior nasal nerve. The PINN 
has been studied well due to its roll in non-allergic rhinitis. 
Cadaveric dissections demonstrate that the PINN is located 
just posterior to the descending branch of the sphenopala-
tine artery [5]. However, there are a number of accessory 
branches directly from the pterygopalatine ganglion or 
greater palatine nerve that innervate the inferior turbinate 
[6]. Consequently, it is not surprising that patients who 
undergo posterior inferior nasal neurectomy for non-allergic 
rhinitis may not have a complete resolution of their symp-
toms due to the number of accessory nerves innervating the 
inferior turbinate.

The mucosa of the inferior turbinate is the primary 
target in inferior turbinate hypertrophy. The mucosa is 
similar to respiratory epithelium in that it is comprised 
of pseudostratified ciliated columnar epithelium. Strati-
fied squamous epithelium can be found on the face on 
the inferior turbinate. The mucosa of the inferior turbi-
nate can be divided into two components: medial mucosal 
layer and lateral mucosal layer. The medial mucosal layer 
is significantly thicker than the lateral mucosal layer [7]. 
The significant difference is largely due to the asymmetric 
lamina propria, found between the basement membrane 
and the periosteum. The lamina propria houses serous, 
mucous, and seromucous glands, in addition to venous 
sinusoids, which are also significantly more prominent 
on the medial side compared to the lateral side [7]. The 
expansile capabilities of the venous sinusoids allow for 
significant mucosal growth during the normal nasal cycle 
and in pathologic states [8]. Given the mucosal architec-
ture, it is understandable that submucosal resection of 
inferior turbinates with a microdebrider is advantageous 
when addressing inferior turbinate hypertrophy [9, 10]. 
By elevating the periosteum off the inferior turbinate, the 
microdebrider is able to resect the thick lamina propria, 
glands and venous sinusoids that play a significant role in 
the hypertrophic component of the turbinate.

The bone of the inferior turbinate has been classified as 
lamellar, compact, and bullous [11]. The bone is termed 
lamellar when thin, compact when bulky, combined when 

bulky with a prominent spongy osseus layer, and bullous 
when pneumatized. Compact and combined types have 
the greatest cross-sectional area, which could theoretically 
lead to more prominent obstruction in pathological states 
[11]. In one study, lamellar was found to be most common 
and bullous least [11]. It is known that pneumatization of 
the turbinates most commonly occurs in the middle tur-
binate, followed by the superior, then inferior turbinates 
[12]. An appreciation that inferior turbinate hypertrophy 
can be associated to the underlying bone is important in 
the management. On physical exam, poor response of 
inferior turbinate hypertrophy to topical nasal decongest-
ant indicates high likelihood of hypertrophic bone, which 
will require surgical resection for optimal results. Imag-
ing of the sinonasal cavity can also provide evidence of 
hypertrophic bone as the underlying cause of the general-
ized inferior turbinate hypertrophy but should not be the 
primary investigation in patients presenting with nasal 
obstruction.

Contribution to Nasal Function

The sinonasal cavity functions to warm, moisturize, and 
filter the air prior to entering the lower respiratory tract. 
Many components of the nasal cavity contribute to these 
tasks, but the inferior turbinate plays a major role in these 
functions. Computational flow dynamics (CFD) has pro-
vided a better understanding of the role and function of 
the inferior turbinate. CFD studies have shown slight vari-
ability between patients with respect to airflow, but the 
bulk of the airflow is described to go through the common 
meatus, followed by the middle meatus [13–15]. The size 
of the inferior turbinate can have a major impact on the size 
of the common meatus and consequently affect the bulk of 
the nasal airflow. However, a few studies refute the claim 
that the major airflow occurs through the common meatus, 
arguing instead for greater airflow through the middle mea-
tus instead [16, 17••). CFD studies have also shown that a 
large majority of the warming of inspired air occurs at the 
head of the inferior turbinate [18–20], which provides the 
respiratory tract with warm air. The air warms up by the 
surrounding mucosal tissue after the airflow hits the head 
of the inferior turbinate and turbulent flow allows the air 
to slow down. When the warm air is expired through the 
nasal cavity, it interacts with the cool nasal mucosa result-
ing in condensation and moisturization of the nasal cavity. 
The inferior turbinate is believed to provide 16% of the air 
conditioning, whereas the middle turbinate provides 12%. 
The rest of the air conditioning occurs along the septum 
and lateral wall [21•].
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Nasal Cycle

Kayser first described the “nasal cycle” phenomena in 1895 
(Kayser, 1895). The underlying physiology is not fully 
clear but the central nervous system is believed to play a 
role in alternating the congestion and decongestion of the 
nasal mucosa. The central nervous system, in particular 
the hypothalamus, along with the sympathetic and para-
sympathetic nerves seem to control the cycle [22, 23]. The 
increase in congestion is due to engorgement of venous 
sinusoids along the anterior end of the inferior turbinate 
and septum [24]. The classic pattern of the nasal cycle is 
reciprocal congestion and decongestion of the two sinona-
sal cavities but changes can occur only on one side and is 
termed hemicyclic or to both sides at the same time and 
is termed parallel cycle. Many patients will complain of 
the nasal cycle particularly at night. The length of nasal 
cycle can be quite variable [25] but the cycle is known to 
occur significantly longer and reverse less frequently when 
patients are asleep [26, 27].

Nasal cycle has been postulated to help with the “respira-
tory defense” [25]. It is believed that during the conges-
tive phase, the distension of the venous sinusoids effects 
the cellular tight junctions and the hydrostatic pressure of 
the sinusoids facilitates plasma exudate onto the surface of 
nasal epithelium. Plasma exudate contains immunoglobu-
lins, which bind to viruses and bacteria, as well as contain-
ing a number of inflammatory mediators [25, 28].

Pathologic Response of the Inferior 
Turbinates

The aforementioned anatomical differences within the differ-
ent regions of the inferior turbinate are critical to the pathogen-
esis of inferior turbinate hypertrophy, regardless of underlying 
etiology. The location, size, and vasoactive capabilities of the 
inferior turbinate relegate it a key player in airway resistance 
[29]. Multiple pathologic processes may alter the gross and 
microscopic structure of the inferior turbinates, including 
septal deviation and inflammatory disorders such as allergic 
rhinitis, nonallergic rhinitis, and chronic rhinosinusitis [30]. 
These disorders in turn lead to histological differences in terms 
of hypertrophy and hyperplasia, distorted cilia, inflamma-
tory cell infiltrates, and mucosal thickening with subsequent 
macroscopic changes and symptomatic obstruction [30, 31]. 
The internal nasal valve, at the level of the anterior tip of the 
inferior turbinate, provides up to two-thirds of upper airway 
resistance during inspiration [32]. As flow is proportional to 
the cross-sectional area, a decrease in cross-sectional area due 
to mucosal or bone hypertrophy can significantly reduce air-
flow and lead to significant symptomatic obstruction [11, 33].

Response to Allergic Rhinitis

Allergic rhinitis (AR) is an unremitting disorder affecting 
up to 30% of adults and 45% of children with increasing 
prevalence worldwide [34–37]. The immunologic response 
and key inflammatory mediators seen in this type-1 medi-
ated hypersensitivity reaction dictate the macroscopic 
response of the inferior turbinates. Following initial sen-
sitization, subsequent IgE cross-linking on mast cells leads 
to degranulation and release of mediators that character-
ize the early-phase reaction [34, 38]. Histamine promotes 
vasodilation, increased vascular permeability, glandular 
hypersecretion, and sensory stimulation. Arachidonic 
acid derivatives contribute as well, including cysteinyl 
leukotrienes that act as eosinophil chemoattractants and 
promoters of maturation and adhesion, prostaglandin D2 
(PGD2) that recruits Th2 lymphocytes and eosinophils, 
and thromboxane A2 (TXA2) that increases vascular per-
meability [34, 38]. The late-phase reaction is characterized 
by the release of cytokines and mediators including IL-4 
IL-13, cysteinyl leukotrienes, and tumor necrosis alpha 
(TNF-alpha) that lead to increased vascular permeability 
and recruitment of neutrophils, eosinophils, basophils, 
mast cells, and lymphocytes [38–40]. Increased integrin 
expression promotes leukocyte adhesion and transepithe-
lial migration [38]. The resultant edema and cellular infil-
tration from the early and late-phase reactions contribute 
significantly to the bilateral turbinate hypertrophy seen in 
AR [34, 38].

Histologic analysis has verified the presence of elevated 
levels of inflammatory cells within the mucosa of the infe-
rior turbinates in AR [41]. Compared to the maxillary and 
ethmoid sinuses, the inferior turbinates also host greater 
numbers of mast cells and IL-4 in the setting of AR. In com-
bination, these changes lead to neural hyperresponsiveness, 
venous dilatation, and tissue edema that define the patho-
physiologic findings associated with AR. Structural analysis 
has shown that, in decreasing order, the mucosal constitu-
ents that comprised the greatest dimensions in the inferior 
turbinates are the connective tissue, venous sinusoids, sub-
mucosal glands, epithelium, and arteries. While the volume 
of loose connective tissue and inflammatory cell infiltrate 
is similar between the medial and lateral mucosal layers in 
a normal turbinate, venous sinusoids are at baseline more 
prevalent in the medial and inferior mucosal layers than the 
lateral mucosa [42]. In AR, the more prevalent venous sinu-
soids in the medial and inferior mucosal layers exhibit the 
greatest increase in dimensions and contribute significantly 
to mucosal thickening [35, 41]. This is largely due to the 
response to inflammatory mediators, which increases the 
fluid and cellular in the inferior, medial, and lateral lamina 
propria [43]. In contrast to normal turbinates, those with 
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hypertrophy have a greater incidence of fibrotic lamina pro-
pria, most consistently in the inferior mucosal layer, along 
with a subepithelial inflammatory cell infiltrate [43]. The 
relative dimension of the serous glands in these turbinates 
also increases while the epithelium decreases [43]. These 
histological changes in turn lead to objective and subjective 
evidence of turbinate enlargement and obstruction seen in 
AR.

Response to Chronic Rhinosinusitis

Chronic rhinosinusitis (CRS) encompasses a similarly 
debilitating group of heterogeneous inflammatory disorders 
with prevalence estimates ranging from 2 to 27% worldwide 
[44–46]. It is an inflammatory disorder of the nose and para-
nasal sinuses that has noteworthy macroscopic and histolog-
ical sequelae, including endoscopic findings of purulence, 
mucosal thickening, polyposis, and turbinate enlargement. 
CRS, as with allergic rhinitis, is frequently associated with 
bilaterally enlarged turbinates that contribute to airway 
obstruction and exacerbate symptoms of sinusitis.

Inflammatory cells and molecules again mediate the tur-
binate response in this disorder. Levels of neutrophils and 
T-cells increase in the lamina propria and epithelium, in 
addition to eosinophilic pro-inflammatory mediators such 
as LTC4, LTD4, LTE4, and ECP [35]. Nasal secretions typ-
ically show elevated levels of TNF-alpha, IL-1beta, IL-6,  
and IL-8 [35]. Kinins increase vascular permeability and 
venous engorgement, and IL-1beta promotes neutrophil 
adherence to the vascular endothelium, allowing for infil-
tration of the sinuses and progression of sinus inflamma-
tion [35, 47]. Airway inflammation activates membrane- 
associated tissue factor on the mucosa of the inferior tur-
binates and sinuses, leading to the downstream activation  
of the coagulation cascade. Thrombin, a byproduct of the  
coagulation cascade induces fibrin deposition and the 
secretion of vascular endothelial growth factor (VEGF) 
and platelet-derived growth factor (PDGF), is elevated in 
the in the epithelial cells of the inferior turbinate mucosa 
[34, 48]. Along with the eosinophil infiltration prevalence 
in the mucosa, these mediators lead to tissue remodeling 
with characteristic findings of epithelial soughing, subepi-
thelial fibrosis, basement membrane thickening, goblet cell 
metaplasia, and mucosal cell hyperplasia [48]. Interest-
ingly, inferior turbinates have demonstrated a significantly 
greater distribution of glands and fewer eosinophils than 
nasal polyps, suggesting a unique pathogenesis for each, 
despite the coexistence of both in CRS [49].

Mucus is normally secreted from epithelial goblet 
cells and submucosal acinar cells [50]. The density of 
acinar cells in the nose is at baseline significantly higher 
than in the maxillary or ethmoid sinuses, suggesting a 

disproportionate contribution of nasal secretions from the 
inferior turbinates. In CRS, the hyperplasia and hypertro-
phy of acinar, but not goblet, cells in the lamina propria 
indicate a source for the viscous hypersecretion seen in 
CRS [50]. Mucus from the maxillary sinus travels toward 
the ostium, then past the medial surface of the inferior 
turbinate to the nasopharynx. Thus, the medial surface 
of the inferior turbinate, like the middle turbinate and 
septum, is frequently exposed to inflammatory proteins 
and cells that alter its structure, cellular architecture, and 
gene expression [50]. Chronic inflammation additionally 
leads to poorly organized, dense, and elongated cilia with 
impaired architecture and function that may increase the 
risk of persistent disease or recurrence despite maximal 
medical therapy [31]. Together with increased mucus vis-
cosity, the altered cilia contribute to impaired mucociliary 
clearance seen in CRS [51].

Response to Septal Deviation

Septal deviation is estimated to occur in up to 20% of school-
aged children [52]. A straight septum permits laminar flow 
of inspired air over the turbinates to be cleaned, warmed, 
and humidified [52]. While asymptomatic to many, septal 
deviation may affect nasal respiration and lead to sympto-
matic obstruction, requiring septoplasty. Objective findings 
are often visible on anterior rhinoscopy, endoscopy, and 
radiologic imaging [53]. Unlike the response seen with AR 
or CRS, the structural, rather than inflammatory, etiology of 
septal deviations minimizes the effect on the mucosa, cells, 
and inflammatory mediators, and there is no impairment of 
mucociliary clearance [51]. Most strikingly, septal devia-
tions are associated with unilateral, rather than bilateral, 
turbinate enlargement, and may be present regardless of the 
degree of septal deviation [53].

Because the narrowest portion of the nose spans lies 
anteriorly from the nostrils to the aperture pyriformis, any 
septal deviation at this location has a significant effect on 
airflow [54]. The contralateral nasal passageway conse-
quently experiences an increase in airflow that leads to dry-
ing and crusting [54]. While some suggest that contralateral 
turbinate hypertrophy is a compensatory response to limit 
excessive airflow, others argue for a congenital etiology [55, 
56]. Aslan et al. found that while the cross-sectional area 
of the IT bone in adults with septal deviation was greater 
than that in adults without septal deviation, no difference in 
the IT cross-sectional area was noted between children with 
and without septal deviation [56]. Furthermore, the cross-
sectional area of the IT bone was greater in adults than in 
children. Taken together, these findings favor a compensa-
tory mechanism for both bony and mucosal turbinate hyper-
trophy [56]. Septoplasty has also been shown to increase 
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ipsilateral and decrease contralateral IT mucosal thickness, 
suggesting both a compensatory etiology of the hypertrophy 
and its natural reversibility [57].

In normal inferior turbinates, the mean thickness of the 
medial mucosal layer is greatest, followed by the thickness 
of the bone, then the lateral mucosal layer [42]. CT and his-
tological analyses have verified that both bone and mucosa 
enlarge with septal deviations, unlike the primarily mucosal 
thickening seen in allergic rhinitis and CRS, both bone and 
mucosa enlarge with septal deviations [8, 55, 58]. The bony 
dimensions have been shown to increase significantly, at 
a rate of twofold in one study [43]. While there is fairly 
widespread agreement that the changes seen in the bone and 
mucosa vary throughout the inferior turbinate, controversy 
exists as to which segments of the turbinate experience the 
greatest increase in bony and mucosal dimensions. Estomba 
et al. found evidence of bone and mucosa enlargement ante-
riorly, mucosa medially, and bone posteriorly [59]. Uzun 
et al. showed evidence of bony hypertrophy in the anterior 
and middle segments, and mucosal hypertrophy posteriorly 
[60]. Adding to the complexity and confusion, changes in 
the bone and mucosa also differ depending on the cause of 
septal deviation, with bone hypertrophy more common in 
congenital deviations and mucosal thickening in traumatic 
deviations [30]. These differences have important clinical 
implications as the sites of bone and mucosal enlargement 
dictate the most appropriate and precise surgical interven-
tion for each pathologic turbinate.

Conclusion

The inferior turbinate plays a major role in the function in 
the nose. Overall, physicians who manage the inferior turbi-
nate are starting to appreciate these roles and are balancing 
the risks and benefits with respect to the management of the 
inferior turbinate.
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