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BONY PYRAMID
Nasal bones
The paired nasal bones are located at the upper-middle of the 
vertical axis and are supported by the bony septum. They are 
superiorly connected to the nasal process of the frontal bone, 
laterally with the frontal process of the maxilla, and inferiorly 
with the pyriform aperture. The nasal bones and the frontal 
process of the maxilla form the nasal bony framework, which is 
referred to as the bony vault (Fig. 1). The thickness of the bone 
differs depending on its location within the bony vault, as the 
thickest bone is found in the cephalic radix. The thickness of 
bone can be revealed through trans-illumination [1-3]. The 
three-dimensional shape of the lateral part of the bony configu-
ration is essential to consider when planning lateral osteotomy 
procedures. The nasal bones and the frontal process of the 
maxilla may have straight, convex, or concave configurations 
[4,5].

The radix area consists of the nasal bone, the frontal bone, 
and the spine of the frontal bone. These bones are connected as 
a solid syndesmosis with erasure of the original midline suture 
lines; thus, reduction of this solid bony mass is difficult, and os-

teotomies extending to this area are at risk for “rocker forma-
tions” [4]. In clinical settings, it is impossible to check the nasi-
on, which is the depression at the nasal root corresponding to 
the midpoint of the frontonasal suture. Instead, clinicians ana-
lyze the sellion, which is the deepest point of the frontonasal 
angle that is visible from a person’s external appearance. The 
sellion is located slightly below the nasion, within 9-14 mm 
from the projected point of the cornea in Caucasian faces gaz-
ing anteriorly [6]. The ideal location of the sellion is considered 
to be between the double eyelid line and the upper eyelid mar-
gin. A level upper eyelid margin is ideal in Asian faces, with 
variation according to each patient’s condition and desires (Ta-
ble 1, Fig. 2) [6,7]. 

Pyriform aperture
The nasal pyriform aperture is the anterior boundary of the na-
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Fig. 1. Anatomy of the nasal bony framework (the bony pyramid).
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sal skeleton. The maxillary bone forms the inferior and lateral 
borders of the pear-shaped aperture, while the nasal bone is its 
superior border. The medial border is formed by the rounded 
edge of the premaxilla bone and the sharper edge of the maxil-
la. These two bones fuse anteriorly to form the anterior nasal 
spine (Fig. 3) [8].

The size and shape of the nasal bone and pyriform aperture 
vary according to sex and race (Fig. 4) [8]. In cold and dry envi-
ronments, a long nasal bone with a narrow pyriform aperture is 
suitable for controlling the temperature and humidity of in-
haled air. Lang and Baumeister [9] classified the nasal bones of 
the German population into eight groups and reported that the 
length of the nasal bone was 24.9± 3.2 mm and the width of the 
pyriform aperture was 23.6± 1.8 mm. Of odile [10] also mea-
sured the length of the nasal bone and the width of the pyri-
form aperture in 20 skulls, of which six were from the Ashanti 
tribe in West Africa, five from Austria in Northern Europe, five 
from black Americans, and four from American Indians. He 
reported that the nasal bone length in the skulls from Austria 
was 30.2 mm (range, 29–31 mm) and the width of the pyriform 
aperture was 21.6 mm (range, 17–24 mm). The Ashanti skulls 
had oval pyriform apertures, whereas those in European and 
American Indian skulls were triangular. However, both oval 
and triangular shapes were found in the black American skulls. 
Hwang et al. [11] studied nasal bones in Koreans and classified 
them into five groups. According to his findings, the length of 

the nasal bone in Koreans was 25.9 ± 3.8 mm in males and 
24.5± 3.7 mm in females, while the width of the pyriform aper-
ture was 25.7± 1.7 mm in males and 25.4± 2.1 mm in females. 
Another study reported the morphology of the nasal bone and 
pyriform aperture in Koreans using three-dimensional com-
puted tomography (CT). The mean thickness of the lateral os-
teotomy point was 2.03± 0.35 mm and that of the medial oste-
otomy point was 1.75± 0.37 mm. The mean length of the nasal 
bone was 20.95± 5.99 mm and the width of the pyriform aper-
ture was 24.01± 2.34 mm [5].

There is a risk of nasal cavity obstruction after nasal osteotomy 
if the osteotomized segment contains the lowest point of the pyr-
iform aperture, which could consequently include the inferior 
turbinate. In 1977, Webster et al. [12] suggested that a triangle of 

Table 1. Surface landmarks of the lateral profile
Landmark Definition

Radix (nasal root) Junction between the frontal bone and the dorsum of the nose.

Nasion A depression at the root of the nose corresponding to the 
nasofrontal suture.

Midpoint of the frontonasal suture.

Sellion The deepest point of the nasofrontal angle at the intersection 
of the forehead slope and the proximal nasal bridge.

Known as the soft tissue nasion.

Rhinion A landmark in cephalometry, the lower end of the suture  
between the nasal bones.

Fig. 2. Landmarks in the lateral view. Nasofrontal suture (white ar-
row), nasion (yellow arrow), and sellion (black arrow). 

Fig. 3. Pyriform aperture. (A) Illustration (red line). (B) Cadaver.

B

A

Fig. 4. Various shapes and sizes of the pyriform aperture on com-
puted tomography scans.
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bone, known as Webster’s triangle, should be preserved at the 
base of the pyriform aperture below the inferior turbinate to 
maintain airway patency (Fig. 5). They proposed directions of 
osteotomy with anterior and superior vectors using a curved lat-
eral osteotome, which is currently referred as the “high-low-
high” lateral osteotomy. Guyuron [13] agreed with using this 
method since functional problems in airway patency arise if the 
head of the inferior turbinate reduces the pyriform aperture. In 
contrast, Gubisch [14] did not consider the efficiency of the pres-
ervation of the bony triangle to be an important issue (Fig. 6). 

Nasolacrimal duct
The lacrimal groove, which protects the lacrimal sac, is formed 
by the posterior margin of the frontal process of the maxilla 
and the lacrimal bone. The height of the sac is 12–15 mm, and 
its antero-posterior length is 4–8 mm [15]. The lacrimal sac lies 
inside the lacrimal fossa, and it is attached tightly to the perios-
teal lining of the fossa at the medial aspect. The lacrimal fossa is 

located antero-laterally at the anterior tip of the middle turbi-
nate, draining inferiorly into the nasolacrimal duct. The naso-
lacrimal duct adjoins with the palatine bone and inferior turbi-
nate medially and the maxillary bone laterally (Fig. 7). In fe-
males, the lower nasolacrimal fossa and the nasolacrimal duct 
are narrower, increasing the risk of nasolacrimal obstruction 
[16]. The bony course of the nasolacrimal duct (interosseous 
length: 12 mm) runs to the inferior turbinate infero-laterally 
and slightly posteriorly. The long axis of the duct and canal has 
an angle of 15° to 25° posteriorly from the frontal plane, or on 
the line from the medial commissure to the first molar tooth 
[17,18]. The passage of the nasolacrimal duct ends at the inferi-
or meatus, beneath the inferior turbinate. A mucosal fold, 
known as the valve of Hasner, partially covers the inferior me-
atus. A report has described the existence of multiple mucosal 
folds and sinuses in the lacrimal drainage system, but their dis-
tribution and role are not clearly understood. The valve of Has-
ner may be present at the end of the nasolacrimal duct inside 

Fig. 5. Webster’s triangle. (A) Illustration (yellow area). (B) Cadaver (asterisk).

Fig. 6. Spatial relationship between the line of lateral osteotomy (red arrow) and the neck of the inferior turbinate (yellow arrow) and Webster’s 
triangle (asterisk) on a computed tomography scan. (A) Before lateral osteotomy in the frontal view. (B) After lateral osteotomy. (C) Before lat-
eral osteotomy in the oblique view. (D) After lateral osteotomy in the oblique view.
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the nasal inferior meatus. The opening of the nasolacrimal duct 
is positioned posteriorly 25–30 mm from the lateral border of 
the anterior nares. The surgeon must be careful to avoid dam-
aging the lacrimal sac during a low-to-low lateral nasal osteoto-
my, but iatrogenic damage of the lacrimal sac is uncommon 
unless the osteotomy line runs too deep during a lateral osteot-
omy (Fig. 7) [19,20].

Transient epiphora during the first postoperative week is a 
common secondary symptom after rhinoplasty. It is caused by 
postoperative edema, not by damage to the lacrimal drainage 
system, and it therefore tends to recover spontaneously [21]. 
Sachs reported that 10 out of 500 patients undergoing rhino-
plasty (2%) had transient epiphora that resolved spontaneously 
within 6 months. None of the patients had symptoms persisting 
longer than 8 months after the operation. According to that re-
port, lacrimal system injury may occur either by subperiosteal 
tunneling on the lateral nasal wall or during lateral osteotomies 
with a saw. Therefore, it was suggested that a fine osteotomy in-
strument (less than 4 mm) could be used without subperiosteal 
tunneling to reduce the risk of lacrimal system injuries [22]. A 
study analyzing the anatomic integrity of the bone structure 
around the lacrimal drainage system using CT and active trans-
port dacryocystography in 20 patients after nasal osteotomy re-
ported that the bone structure was preserved and free flow of 
contrast medium was observed from the lacrimal fossa to the 
inferior meatus. The average distance from the lacrimal drain-
age system to the lateral osteotomy site was 7–8.8 mm [23]. 
Sarialtin et al. [24] measured the distance between the lacrimal 
system and the lateral osteotomy line in order to determine the 
safe and ideal osteotomy level. They also evaluated the relation-
ship of this safe osteotomy level with the lacrimal system using 
a three-dimensional model, and reported that the mean safety 
margin between the lateral osteotomy line and the anterior lac-
rimal crest was 6.0 mm (range, 4.5–7.5 mm) on the right side 
and 6.0 mm (range, 4.5–7.4 mm) on the left side in females, 

and 6.7 mm (range, 5.0–8.4 mm) on the right side and 6.7 mm 
(range, 5.0–8.4 mm) on the left side in males. They recom-
mended three-dimensional CT as a preoperative evaluation 
and planning tool that makes the operative procedure easier to 
perform. In Asian rhinoplasty, there is a risk of damaging the 
lacrimal sac by making unintended fractures while manipulat-
ing patients’ small and thick nasal bones. Although we have ob-
served patients with transient epiphora after nasal osteotomy 
during 17 years of surgical experience, we have not observed 
any cases of permanent epiphora or damage of the lacrimal sys-
tem among more than 2,000 osteotomy patients (Fig. 8) [6,25]. 

MIDDLE VAULT 
Upper lateral cartilage
The upper lateral cartilage is a pair of triangular structures that 
not only play a major role in the anatomical shape of the nose, 
but also help to maintain the airway by contributing to the in-
ternal valve formed through the internal nasal cavity. The up-
per lateral cartilage and the septal cartilage are attached to each 
other. Specifically, the upper lateral cartilage is connected with 
the anterior or dorsal surface of the septal cartilage along 80% 
of the cephalic portion in terms of total length and separated 
only at the remaining 20% of the caudal portion. Approximate-
ly 2–11 mm of the cephalic portion is located beneath the nasal 
bone. The periosteum of the nasal bone and the perichondrium 
of the upper lateral cartilage connect with each other as a con-
tinuum (Fig. 9) [2,26]. 

A study analyzing the connection of the upper lateral cartilage 
and the dorsal septum through both gross dissection and histo-
logical specimens found a cleft between the upper lateral carti-
lage and the dorsal septum. The fibrous tissue in the cleft was 
perichondrium. The cartilaginous dorsum shifts its shape from a 
broad Y or T shape underneath the bony dorsum to a Y shape at 
the mid-vault and to a narrower I shape caudally (Fig. 10) [26].

Fig. 7. Nasolacrimal system. (A) Bony anatomy around the nasolacrimal system. The lacrimal fossa (red dotted line) consists of the lacrimal 
bone, maxillary bone, and frontal bone. The anterior lacrimal crest and posterior lacrimal crest surround the lacrimal fossa. (B) Lacrimal 
drainage system. It starts from the superior and inferior canaliculi, runs though the nasolacrimal duct, and ends at the inferior meatus.

A B

Frontal bone

Superior canaliculus

Lacrimal sac

Middle turbinate

Inferior meatus

Inferior turbinate

Nasal septum

Nasal cavity

Lacrimal bone

Maxillary  
lacrimal suture

Anterior
lacrimal crest
(maxillary bone)

Lamina papyracea
(ethmoid bone)

Valve of Hasner

Nasolacrimal duct

Inferior canaliculus

Ducts of lacrimal gland

Palpebral lobe of 
lacrimal gland

Lacrimal gland

Lacrimal fossa

Posterior
lacrimal crest

(lacrimal bone)



https://doi.org/10.7181/acfs.2020.00234

147

In general, the lateral border of the upper lateral cartilage cor-
responds to the caudal border of the suture line between the 
nasal bones and the frontal process of the maxilla. The lateral 
margin of the upper lateral cartilage starts from the nasal bone 
and the frontal process of the maxilla, moving away from the 
pyriform aperture as it descends. The cephalic border is the 
only part of the upper lateral cartilage that is attached to the na-
sal bone, whereas the caudal portion has no support from the 
bony structure, and it has less attachment to the septum from 
the sides downwards. There is an inverse relationship between 
the size of the mucosal space and the lateral extension of the 

caudal portion: the larger the cartilage, the smaller the mucosal 
space [2,26]. 

The caudal border of the upper lateral cartilage forms the 
scroll junction with the lower lateral cartilage and is also crucial 
in establishing the internal valve [2,27-29]. Understanding the 
relationship between the medial-caudal parts of the upper lat-
eral cartilage and the septal cartilage is vitally important for 
preserving the function of the internal valve (Fig. 11). The up-
per lateral cartilage is thin and separated from the septum, as 

Fig. 8. (A-F) Serial computed tomography scans showing the relationship between the lateral osteotomy line and lacrimal drainage. Lateral os-
teotomy site (white arrow), Lacrimal sac and duct (yellow arrow).

B BA A

Fig. 9. Upper lateral cartilage. (A) Cadaver. (B) Illustration. Fig. 10. Connection of the upper lateral cartilage and the dorsal 
septum. (A) Cadaver. (B) Illustration. The cartilaginous dorsum 
shifts from a broad Y or T shape underneath the bony dorsum to a 
Y shape at the mid-vault and to a narrower I shape caudally.
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the medial-caudal part makes an inverted V-shaped angle with 
the septal cartilage in the frontal view. This critical structure 
makes the internal valve sufficiently movable for efficient respi-
ration. The middle vault supports the movement of the internal 
valve by separating the upper lateral cartilage from the septal 
cartilage at the caudal end. The motion of the internal valve de-
pends on coordination between the compressor and the dilator 
muscles during the respiration. It is made narrower by the me-
dial movement of the lateral wall in the middle vault during 
shallow inspiration, and even narrower with deep inspiration, 
while voluntary dilator function prevents complete collapse of 
the valve during forced inspiration [30]. The inspiratory airflow 
is the fastest near the internal nasal valve and mainly passes be-
tween the inferior and superior turbinates. Expiratory airflow 
spreads in the nasal cavity while forming turbulent flow, which 
differs from that formed by inspiratory airflow. Forced nasal in-
spiration carries mucus towards the nasopharyngeal cavity and 
discharges mucous secretions from the middle meatus.

Keystone area
The keystone represents the union of the bony and cartilagi-
nous framework of the nose. Anatomically, this unique triangu-
lar union consists of the paired nasal bones, the perpendicular 
plate of the ethmoid, and their fusion with the cartilaginous 
middle vault, including the upper lateral cartilages and the car-
tilaginous septum [31]. It is a critical anatomical structure pro-
viding stability at the osseocartilaginous junction (Fig. 12).

The overlapping length of the mid-portion between the septal 
cartilage and the nasal bone has been reported to range from 3 
to 15 mm. Kim et al. [32] reported that the overlapping length 
was 7.6 ± 1.9 mm in 21 Korean cadavers. Simon et al. [33] 
showed a 6.5 mm overlapping length of the nasal bone with the 
septal cartilage on average. Natvig et al. [34] reported over 9 
mm of overlap in the midline using cross-sections through the 
upper lateral cartilage–nasal bone junction; they also noted that 
the overlap tapered laterally, terminating in an end-to-end op-
position. Palhazi et al. [35] reported that the average length of 

the overlap of the bony-cartilaginous portion along the midline 
was 8.9 mm (range, 4–14 mm) in 15 cadavers. Another study 
by Gerbault et al. [36] showed that the overlapping of bone over 
the upper lateral cartilage ranged from 6 to 20 mm in longitu-
dinal length, with an average of 12 mm. In Asian reports, the 
cephalocaudal length of the overlapping area between the up-
per lateral cartilage and the nasal bone was 7 mm (range, 4–10 
mm) in the midline, and 3.1 mm (range, 0–7 mm) in the para-
median area in a study by Kim et al. [37] involving the dissec-
tion of 18 Korean cadavers. Han et al. [38] reported that the na-
sal bone–upper lateral cartilage overlap was 6.47± 2.50 mm in 
the midline, 3.53 ± 2.23 mm on the left side, and 3.81 ± 2.56 
mm on the right side in a study of 16 Chinese cadavers. In sum-
mary, the length of overlap between the nasal bone and carti-
laginous septum tends to be shorter in Asians according to pre-
vious research. Therefore, the risk of unintentionally damaging 
the bony-cartilaginous junction during hump resection is high-
er (Fig. 13).

The anatomy of the keystone area reflects its embryology. The 
nasal skeleton in neonates is cartilaginous and extends from the 
cartilaginous primordium of the cranial base [39]. The down-
ward covering of the nasal bones over the cartilaginous capsule 
explains the broad overlap of the bony and cartilaginous vault. 

Fig. 11. Anatomical composition of the internal valve.
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Fig. 13. Anatomical relationships around the keystone area.
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The cartilaginous capsule is absorbed toward the cephalic di-
rection, and its remaining parts develop into the cartilaginous 
vault. Therefore, the bony and cartilaginous vaults are not sim-
ply conjoined, but rather have an overlapping integration. This 
relationship can be described as a chondro-osseous joint, with 
the bony cap separated from the cartilaginous vault by fusion of 
the periosteum and perichondrium [1,2,35]. In embryology, 
nasal growth depends upon expansion of the septum, rather 
than growth of the nasal bones. In childhood, nasal height is 
due mainly to the nasal bone. During puberty, the cartilaginous 
septum functions as the dominant growth center of the mid-
face. The nose undergoes radical changes caused by the growth 
of the maxilla, and the nasal hump results from the upward 
thrust of the underlying cartilaginous vault, rather than from a 
contribution by the nasal bones. In short, Daniel insisted that 
there is no bony hump, only a bony cap that covers a cartilagi-
nous hump [2,4,35,40].

Septum
The septum, a complex osseocartilaginous structure, separates 
the nasal cavity into two chambers. The septum is composed of 
the septal cartilage and four bones, including the perpendicular 
plate of the ethmoid, the vomer, the nasal crest of the maxilla, 
and the nasal crest of the palatine bone (Fig. 14). It forms a pil-
lar for the nasal dorsum to stand straight in the facial midline 
while dividing the nasal cavity. The cephalic portion of the sep-
tum is rigid and fixed, while the caudal portion is flexible and 
semifixed, enabling the septum to serve as a buffer against ex-
ternal forces. The septum can be divided into three compo-
nents: membranous, cartilaginous, and bony. The membranous 
septum has no cartilage, but it has intrinsic muscles and the de-
pressor septi nasi muscle. The cartilaginous septum has septal 
cartilage sandwiched between the nasal mucosa. It is somewhat 
rigid, but also flexible enough to withstand external forces. It is 
vulnerable to deformation or deviation resulting from postop-

erative or posttraumatic injury or hematoma. A trivial child-
hood trauma, even without fracture, during the growth phase 
may affect the development of the septal cartilage, which may 
present with deviation or bending caused by scar formation 
during the healing process [41]. The septal cartilage comes into 
contact with the perpendicular plate of the ethmoid in an end-
to-end pattern but forms a much stronger contact with the vo-
mer in a tongue-in-groove pattern. Mucoperichondrium is 
tightly attached to the septal cartilage from the caudal border to 
the 1–1.5 cm cephalic portion of the vestibular mucosa, but it 
becomes looser toward the inner septal mucosa. The connec-
tion between the septal cartilage and the maxillary crest, as well 
as with the palatine crest, is formed in a tongue-in-groove pat-
tern that is easy to dislocate during dissection (Fig. 15).

Nasal growth peaks at 13.1 years and matures at 15.8 years in 
98% of the female population, while it peaks at 14.7 years and 
matures at 16.9 years in 98% of the male population. Therefore, 
it is recommended to conduct septal interventions after matu-
ration [42].

The septal cartilage is classified as hyaline cartilage on histolo-
gy. As with other cartilage tissue, the septum shows changes 
with aging. Although the amount of hydroxyproline, its main 
component, does not change substantially, that of glycosamino-
glycan (GAG) decreases significantly with aging. As individuals 
become older, the equilibrium modulus decreases and the hy-

A

Fig. 14. Anatomical composition of the septum.
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draulic permeability increases. These changes are related to cal-
cification or ossification of the cartilage. Therefore, when oper-
ating on elderly patients, surgeons should be aware that the car-
tilage might be vulnerable during manipulation. Therefore, ap-
propriate precautions should be considered in older patients 
[43].

The shape and thickness of the septum differs among individ-
uals with an I, T, or Y shape at the cross-section depending 
upon dorsal width. The medial margin of the upper lateral car-
tilage and the antero-lateral margin of the septal cartilage are 
fused as intermingling cartilaginous tissue and are then con-
nected with fibrous tissue at the caudal third (Fig. 10) [1,2,6,26]. 
The angle between the caudal part of the upper lateral cartilage 
and the septal cartilage, which is referred to as the internal nasal 
valve, is usually 15°. The internal nasal valve controls the air-
stream through the medial movement of the caudal margin of 
the upper lateral cartilage during inspiration and its lateral 
movement during expiration.

Although it is accepted that the septal cartilage harvested 
from Asians is smaller and thinner than that harvested from 
Caucasians, the difference in the size and thickness of the septal 
cartilage remains within a quite reasonable range, based on a 
review of the literature and the authors’ experience (Fig. 16) 
[44]. Kim et al. [45] reported that the average height and length 
of the septal cartilage were 22.1 mm and 28 mm, respectively, 
in a Korean cadaveric study. The maximal amount available for 
harvest was reported to be 12.1× 18.0 mm on average when the 
width of the remnant L-strut was about 10 mm. Hwang et al. 
[46] reported that average height and length of the septal carti-
lage were 33.1± 5.3 mm and 29.9± 4.7 mm, respectively. The 
septal cartilage was found to be thickest at the septal base in 
front of the vomer, which measures approximately 2.19–3.03 
mm, and the thinnest part was found to be roughly in the lower 
third of the septum, just above the septal base, which measured 
about 1.03–1.22 mm. In contrast, in a Brazilian cadaveric study, 
de Pochat et al. [47] reported that the average height and length 

Fig. 16. Harvest of septal cartilage. (A) Various sizes of harvested septal cartilage. (B) Illustration. (C) Cadaver. (D) Intraoperative view. 
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of the septal cartilage were 32.5 mm and 35.4 mm, respectively, 
and that the average thickness ranged from 1.3 mm to 2.7 mm. 
Mowlavi et al. [48] reported that the thickest and thinnest areas 
of septal cartilage were 2.7 mm and 1.3 mm, respectively. How-
ever, those studies analyzed an insufficient number of patients 
to conclude definitively that the septal cartilage is considerably 
smaller and thinner in Asians. Moreover, it might be challeng-
ing for surgeons to operate on the nose of Asian patients be-
cause the septal cartilage varies among individuals and because 
Asian rhinoplasty requires considerable tip projection while us-
ing a relatively small amount of cartilage (Table 2).

When harvesting the septum, the stability of the remnant L-
strut is more important than the amount of harvested septal 
cartilage. It is helpful to preserve the edge as a smooth connec-
tion between the dorsal cutting line and caudal cutting line in 
order to enhance the stability of the L-strut, as described below 
(Fig. 16). In particular, the cartilage beneath the keystone area 
should be maximally preserved to maintain the stability of sep-
tal support and to prevent complications such as saddle nose 
deformity [38]. According to Mau et al. [49], a wider L-strut 
and a greater extent of overlap in the junction at the keystone 
will improve stability against tensile stress.

Turbinates
The inferior turbinate is a dynamic structure that controls the 

direction of the nasal airstream and provides the most resis-
tance of the three turbinates (superior, middle, and inferior). 
The head of the inferior turbinate, which is quite large (14 mm 
in height) and extremely dynamic, is located at the critical in-
ternal valvular area (Fig. 17). The soft tissue of the turbinate is 
composed of vascular components and smooth muscle [50]. 
The blood supply to the inferior turbinate is composed of ante-
rior and posterior contributions. The anterior ethmoid artery 
and lateral nasal artery provide the anterior blood supply, 
whereas the sphenopalatine artery provides the posterior sup-
ply [51].  The inferior turbinate warms and humidifies inhaled 
air. As air passes through the nasal valve, it is directed toward 
the surface of the inferior turbinate. The laminar airflow pass-
ing over the turbinate creates resistance, which causes nasal 
mucus production, thereby providing humidification. The nor-
mal nose can increase the humidity of inhaled air from 0% ex-
ternally to near 100% at the level of the nasopharynx. This fact 
may explain the significant dryness-related symptoms that fre-
quently occur after total turbinectomy [52].

Normal nasal respiration is possible if intranasal resistance is 
within the normal range. Nasal obstruction might occur if the 
resistance is higher or lower than ordinary range. Narrowing of 
the intranasal pathway due to collapse of middle vault, septal 
deviation, or a disorder of the nasal valve increases intranasal 
resistance, which causes nasal obstruction. Ironically, severely 

Table 2. Studies reporting measurements of human septal cartilage

Author No. of specimens Length of septal 
cartilage (mm)

Height of septal 
cartilage (mm)

Surface area 
(mm2)

Thickest portion 
(mm)

Thinnest portion 
(mm)

Kim et al. [45] 10 Korean cadavers 28 22.1 432–910
(average 627.2)

- -

Hwang et al. [46] 14 Korean cadavers 33.1±5.3 29.9±4.7 - 2.19–3.03
(septal base)

0.74–0.97
(at 20% of the septal height)

de Pochat et al. [47] 14 Brazilian cadavers 35.14 (average) 32.5 933.11 1.71 1.04

Mowlavi et al. [48] 11 Caucasian cadavers 31.0±4.0 26.0±3.0 - 2.7±0.2 1.3±0.2 
(along the central portion)

Values are presented as mean±SD or range. 

A B

Fig. 17. Turbinates. (A) Illustration. (B) Cadaver. Inferior turbinate (yellow arrow), removed septum (dotted white line).

Superior turbinate

Inferior turbinate

Middle turbinate
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low intranasal resistance due to atrophic rhinitis after excessive 
turbinectomy might also cause nasal obstruction. Nasal ob-
struction may occur as part of the physiologic nasal cycle, 
which involves periodic congestion and decongestion of cav-
ernous tissue of the nasal mucosa, or due to pathologic prob-
lems. The rhythm of the nasal cycle is thought to be controlled 
by a central regulator located in the hypothalamus, which 
causes bilateral vasoconstriction of the nasal mucosa (Fig. 18) 
[53]. The physiologic nasal cycle is altered by changes in hu-
midity, temperature, and the patient’s condition. According to 
reports, the cycle of repetitive constriction and inflation of the 
nasal mucosa varies from 25 minutes to 4 hours [54]. In this 
cycle, as one side becomes congested, resistance increases and 
airflow subsequently decreases, whereas on the other side, re-
sistance decreases as the contralateral mucosa constricts, lead-
ing to an increase in the airflow. Healthy individuals do not rec-
ognize the nasal cycle, but a patient with structural problems 
such as septal deviation may complain of unilateral or bilateral 
nasal obstruction during the nasal cycle. It is important to un-
derstand the compensatory enlargement of the inferior turbi-
nate under the influence of septal deviation. Unless septal devi-

ation and a hypertrophied inferior turbinate are corrected si-
multaneously, nasal obstruction might become aggravated af-
terwards (Fig. 19).

A representative symptom of rhinitis, nasal obstruction results 
from increased resistance of the nasal airway. Therefore, tur-
binoplasty aims at widening the nasal airway to improve the 
smoothness of respiration. A small change in the volume or po-
sition of the inferior turbinate may sometimes improve nasal 
airway considerably. There are various surgical techniques for 
inferior turbinoplasty, including total turbinectomy, lateraliza-
tion of the turbinate using the out-fracture technique, electro-
cautery or radiofrequency ablation, and laser coblation. More-
over, other methods involve cryosurgery, inferior turbinate sub-
mucosal resection, resection using a micro-debrider, and turbi-
nate micro-fragmentation (Fig. 20). Full turbinectomy or radi-
cal turbinectomy was used in the past. However, this procedure 
was accompanied by excessive bleeding, delayed recovery, and 
potential atrophic rhinitis or even empty nose syndrome; there-
fore, it is hardly used at the present. More conservative methods 
that spare the nasal mucosa have recently become more popu-
lar. Lateralization using out-fracture of the inferior turbinate is 
the technically simplest and most effective method. It is a mini-
mally destructive procedure compared with other techniques 
because it preserves the nasal mucosa and does not interfere 
with muco-ciliary function [55-57]. Electrocautery uses radio-
frequency to reduce mucosal volume. This spares the epithelial 
surface because the electric energy acts focally within the mu-
cosa, thereby preserving ciliary function [58,59]. Electrocau-
tery, radiofrequency ablation, laser turbinectomy, and cryosur-
gery are used in cases of mucosal hypertrophy. In contrast, infe-Fig. 18. Human nasal cycle. 

Right turbinate hypertrophy Left turbinate hypertrophy

Fig. 19. Compensated enlargement of the inferior turbinate should be corrected concomitantly during septoplasty. (A) Illustration. (B) Endoscop-
ic view, preoperatively (top) and postoperatively (bottom). (C) Computed tomography scan, preoperatively (top) and postoperatively (bottom). 
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rior turbinate submucosal resection, inferior turbinate submu-
cosal resection using a micro-debrider, lateralization of the in-
ferior turbinate, and turbinate micro-fragmentation are per-
formed in cases of conchal hypertrophy [60].
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