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Radiologic Measurement of the Nasal Length and Keystone Area in Relation
to Nasal Bony and Septal Cartilaginous Dimensions in Korean Adults
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Department of Otolaryngology-Head and Neck Surgery, Asan Medical Center, University of Ulsan College of Medicine, Seoul, Korea

Background and Objectives: To measure nasal length and keystone area on sagittal plane computed tomography.
Materials and Method: The medical records and radiographic data of 200 patients were evaluated. The length of the nasal
dorsum and the bony dorsum, and the length and angle of cartilage overlap at the keystone were measured. Measurements were
compared according to sex and the correlation between nasal length and patient height was analyzed.

Results: The mean length (mm) of the nasal dorsum was 46.1 £3.7 in men and 41.0+2.7 in women (p <0.01). The mean length
of the bony dorsum was 17.6 3.0 (38.1% of the nasal dorsal length) in men and 15.6£2.3 (37.9%) in women (p<0.01).
The mean length of the cartilage overlap in the keystone area was 9.8 =3.3 and 9.2 £ 2.4 for men and women, respectively. The
angle of cartilage overlap in the keystone area varied from 30.4 to 154.2 degrees. Patient height was positively correlated with
both the length of the nasal dorsum and the bony dorsum (p<0.01 for both).

Conclusion: The nose is longer in men than in women. We found a positive correlation between patient height and nasal length.
The cartilaginous dorsum extends under the nasal bone for approximately 9.5 mm.
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INTRODUCTION

The external nose is formed by a framework of bony and
cartilaginous structures that is covered by the skin and soft
tissue envelope. Nasal length, projection, and various an-
gles formed by the nasal skeleton in relationship with the
adjoining area of the face determine the distinct anatomic
features of an individual’s nose."” Therefore, a good under-
standing of the anatomical features of the nose has practi-
cal importance when performing rhinoplasty. Of the multi-
tude of anatomic and anthropometric features of the external
nose, nasal length and its anatomic features are the least
studied.

The long axis of the external nose is composed of the bony
nasal dorsum and the cartilaginous nasal dorsum.” The
lengths of the bony and cartilaginous nasal dorsa have prac-

tical importance in planning rhinoplasty. For example, os-
teotomy should be performed very carefully in patients who
have short nasal bones.” Accurate information regarding the
length of the cartilaginous dorsal septum is important for
preoperative estimation of the desired lengths of spreader
grafts.” The cartilaginous nasal dorsum commonly com-
prises the lower two-thirds or lower half of the nose.”’ How-
ever, there is a lack of anatomic studies investigating the
exact proportions of bone and cartilage constituting the na-
sal length, especially in Asians.

The keystone area of the nasal septum comprises the na-
sal bones, cartilaginous septum, perpendicular plate of the
ethmoid, and upper lateral cartilages. This area is critical for
maintaining the structural integrity of the nasal dorsum.””
In septoplasty, disruption of the junction between the sep-
tal cartilage and the perpendicular plate of the ethmoid is
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an important cause of saddle nose deformity. However, as
there is firm attachment between the nasal bone and the
septal cartilage at the keystone area, the real risk of sad-
dling may be determined by the degree of overlap between
the nasal bone and the septal cartilage, which varies consid-
erably among patients.” In hump nose correction, the sur-
geon has to reduce the bony hump and the cartilaginous
hump under the resected bony hump.® Successful correc-
tion of the nasal hump is dependent on how well the carti-
laginous hump is reduced. Therefore, better understanding
of the anatomy of the keystone area has critical importance
in septorhinoplasty surgery.

In this study, we aimed to measure the nasal length and
keystone area and their anatomical features as seen in the
sagittal plane in computed tomography (CT) scans in a rel-
atively large number of adult Korean patients.

MATERIALS AND METHODS

Patients

A retrospective analysis of CT scans from 653 patients
who underwent nasal surgeries, such as septoplasty, septo-
rhinoplasty, and endoscopic sinus surgery carried out by a
single surgeon at Asan Medical Center between April 2012
and December 2016 was performed. Patients who under-
went a preoperative CT scan were included in the study. CT
was performed on a multi-detector CT scanner: Somatom
Definition (Siemens, Forchheim, Germany), LightSpeed
VCT (GE Healthcare, Chicago, IL), or Optima CT660 (GE
Healthcare, Chicago, IL). Imaging was performed with the
section thickness of 2.5 mm. Patients under the age of 18
(n=24), foreigners (n=9), patients with trauma (n=115),
those with congenital facial anomalies (n=9), those with a
history of previous septal surgery or rhinoplasty (n=261),
and those whose CT scans had insufficient quality for the
evaluation of the nasal septum (n=35), were excluded. Two-
hundred patients were included in the final analysis. This
study was approved by our institutional review board and
the requirement for informed consent from patients was
waived.

Radiologic measurements

Demographic, clinical, operative, and radiological data
were carefully reviewed. For each patient, a sagittal view
that best represented all components of the keystone area
was selected. The following measurements were then re-

corded: nasal dorsal length, bony dorsal length, length of
cartilage overlap, and angle of cartilage insertion (Fig. 1).
The nasal dorsal length was measured from the sellion to
the pronasale. The bony dorsal length was measured from
the nasion to the caudal end of the nasal bone. The length
of cartilage overlap was measured as the distance the sep-
tal cartilage extended under the nasal bone to the caudal
end of the perpendicular plate of the ethmoid. The angle
of cartilage insertion was defined as the angle formed by
the nasal bone, cartilaginous septum, and perpendicular
plate of the ethmoid. Measurements were obtained using
Picture Archiving and Communications System (Multivox;
Seoul, Korea).

Statistical analysis

In order to study the effects of sex and height on nasal
anatomy, the measurements were compared according to
sex using the Student’s t-test and multiple regression anal-
ysis, and the correlation between nasal length and the pa-
tient’s height was analyzed using Spearman correlation anal-
ysis. All statistical analyses were performed using IBS SPSS
software version 23.0 (IBM Corp.; Armonk, NY).

RESULTS

Study population

The 200 patients comprised 98 women and 102 men (me-
dian age, 42 years; range, 18—81 years). The average height
of the male patients was 173.5 £ 5.8 cm and that of the fe-
male patients was 157.5+ 6.4 cm. Postoperative diagnosis
of the patients indicated that there were 47 cases of hump
nose, 15 cases of saddle nose, 41 cases of deviated nose, 20
cases of flat nose, 62 cases of chronic rhinosinusitis, and 21
other cases, such as natural killer/T-cell lymphoma (Table 1).
These diagnoses were not mutually exclusive.

Radiologic measurements of nasal length and
keystone area

The mean length of the nasal dorsum was 46.1 3.7 mm
for male patients and 41.0 =2.7 mm for female patients (p <
0.01). The mean length of the bony dorsum was 17.6 £3.0
mm (38.1% of the nasal dorsal length) for male patients and
15.6 £2.3 mm (37.9%) for female patients (p<0.01). The
mean length of the cartilaginous dorsum was 28.5+2.7 mm
(61.9%) for male patients and 25.5+2.1 mm (62.1%) for
female patients (p<0.01). The mean lengths of the carti-
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Fig. 1. Measurement of nasal lengths and angle. A: Nasal dorsal length (from the radix to the tip). B: bony dorsal length (from the na-
sion to the caudal end of the nasal bone). C: length of cartilage overlap (from the caudal end of nasal bone to the bony-cartilagi-
nous junction of the septal cartilage and the perpendicular plate of the ethmoid). D: angle of cartilage insertion (angle formed by
the nasal bone, cartilaginous septum, and perpendicular plate of the ethmoid).

Table 1. Characteristics of the study population lage overlap at the keystone area were 9.8 +3.3 mm and
Variable Total Male Female 9.2 +2.4 mm for male and female patients, respectively (p=

No. of patients 200 102 98 0.13). The angle formed by the nasal bone, the perpendicu-
Age (y), median (range)  42.1 (16.8) 358 (16.0) 48.6(15.1)  ar plate of the ethmoid, and the septal cartilage at the key-
Heigm (cm) 1657(10.1) 173.5(58) 157.5(6.4) stone area varied from 30.4 degrees to 154.2 degrees. The
gzs::);:%;) 64.3(130) 721 (10.9) 561 9.7) average angle was 81.8 +24.3 degrees for male patients and
HuMmp nose 4 33 14 80.01+26.0 degrees for female patients (p=0.61) (Table 2).
saddle nose 15 9 6 We analyzed the correlation between the patient’s height
Deviated nose 41 28 13 and nasal lengths. Nasal dorsal length (9=0.56, p<0.01)
Flat nose 20 12 8 and bony dorsal length both had positive correlations (¢=
Chronic rhinosinusitis 62 25 37 0.48, p<0.01) with the patient’s height. The length of car-

Other 21 2 19 tilage overlap also had a positive correlation with patient
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Table 2. Nasal lengths and angles in male and female patients

Variable Total (n=200) Male (n=102) Female (n=98) p* p'

Nasal dorsal length (mm) 43.6 (4.1) 46.1 (3.7) 41.0(2.7) <0.01 <0.01
Range 33.0-55.6 33.8-55.6 33.0-47.0

Bony dorsal length (mm) 20.1 (3.3) 17.6 (3.0) 15.6 (2.3) <0.01 0.04
Range 12.4-29.1 10.1-25.1 9.7-21.5

Cartilaginous dorsal length (mm) 27.0(2.9) 28.5(2.7) 25.5(2.1) <0.01 <0.01
Range 20.2-35.4 21.8-35.4 20.2-31.2

Length of cartilage overlap (mm) 9.5(2.9) 9.8(3.3) 9.2(2.4) 0.13 0.91
Range 1.5-19.2 1.5-19.2 3.3-14.6

Angle of cartilage insertion (°) 80.9 (25.1) 81.8 (24.3) 80.0 (26.0) 0.61 0.1
Range 30.4-154.2 31.8-147.2 30.4—154.2

#: Student’s t-test, p<0.05, T: Multiple regression analysist, adjusted for patient’s height, p<0.05

height (¢=0.15, p=0.03) (Fig. 2). The differences in nasal
lengths between male and female patients were still valid
when adjusted for their height.

We also analyzed the correlation between the patient’s
age and the length of cartilage overlap. The two variables
showed negative correlation (¢=—0.26, p<0.01) when ad-
justed for the patient’s height.

Differences in nasal lengths according to the
external shape of the nose

We were able to obtain preoperative facial photographs
in 135 of the 200 patients. We categorized each of the 135
patients based on whether they had a hump, saddle nose
deformity, deviation, or a flat nose. We then compared the
nasal lengths and angle of cartilage insertion between the
different groups. Patients with hump nose had longer nasal
dorsal lengths (p<0.01), longer bony dorsal lengths (p <
0.01), and smaller angles of cartilage insertion (p<0.01) at
the keystone area than those without hump nose. Patients
with flat nose had shorter nasal dorsal lengths (p<0.01) and
shorter bony dorsal lengths (p<0.01) than those without
flat nose (Table 3).

DISCUSSION

In the present study, which was carried out in Korean adults,
the mean length of the nasal dorsum was 43.6 =4.1 mm and
the mean length of the cartilage overlap at the keystone area
was 9.5+2.9 mm. The cartilaginous dorsum constitutes
about 62% of the nasal dorsal length. Male patients had sig-
nificantly longer nasal lengths than female patients did. In
addition, patient’s height had a positive correlation with na-
sal length.

Anatomical features of the external nose differ among in-
dividuals from different ethnicities. Anthropometric mea-
surements were performed in 110 healthy Turkish men by
Tuncel et al. The authors found the mean nasal bridge length
to be 57.35+0.26 mm” which was significantly longer than
the nasal length obtained in our study group. The difference
in nasal lengths found in the two studies illustrates the well-
described racial and ethnic differences in the external nose.'”""”
Li et al. analyzed the external nose in 900 Han Chinese
adults. They found the mean nasal length to be 48.34 +
4.71 mm in women and 48.43 = 4.43 mm in men, which is
a similar outcome to that of our study (43.6 mm). However,
the authors of the above study found no differences between
men and women.'” The differences between Chinese and
Korean noses may be due to the different methodologies
used in the two studies, or may reflect actual differences in
nasal length between the two races.

The length of the cartilaginous dorsum was 28.5+2.7
mm (61.9%) in men and 25.5 £2.1 mm (62.1%) in women
in our study. Carr et al. calculated the mean ratio of nasal
cartilaginous length to overall dorsal length in Caucasians
to be 0.63, which is a similar finding to that in our study.”
Godley et al., in a study using 60 adult cadavers, reported
that the length of the cartilaginous dorsum was 21 +5 mm
on average. They found that this length was shorter in wom-
en by 54 mm." Kim et al., in their study reviewing 280
patients who underwent magnetic resonance imaging (MRI)
of the nasal septum, found that the mean cartilage dorsal
length was 26 +4 mm, and that there were no significant
differences between sexes.'” These findings are contradic-
tory to ours. Based on the above results, we may conclude
that in Korean individuals, the cartilaginous dorsum consti-
tutes about 60% of the whole nasal length.
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During surgery, surgeons often encounter variations in the
patterns of cartilage overlap at the keystone area. We can
perform septal cartilage resections, osteotomies, or hump
resection without compromising the integrity of the key-
stone area in some patients, while this is not possible in oth-
er patients. We can speculate that the lengths and angles
formed by the structural components of the keystone area
are key components in the maintenance of strong support for
the nasal septum. However, few reports have described this
relationship to date. We found that the overlapping length of
the cartilage with the nasal bone at the keystone area was
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9.5+ 2.9 mm. A radiologic study of 91 Caucasian noses by
Carr et al. revealed that the mean overall length of the key-
stone area was 9.04 mm (range, 0—23 mm). The authors of
that study proposed that a keystone length of less than 5
mm is associated with an increased risk of supratip depres-
sion, although this length was somewhat arbitrary.” Despite
obvious differences in overall nasal length between Cauca-
sians and Asians, our results indicate that there is no con-
siderable difference in keystone area length between the
two ethnic groups. Other studies have reported shorter mean
keystone areas than that reported here. The part of the nasal
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Table 3. Differences in nasal length according to the external shape of the nose

. . Bony dorsal Length of cartilage Angle of cartilage

Variable Height (cm)  Dorsal length (mm) i () SvEes () inserfion (mim)
Hump (n=47) 170.2 (8.6) 46.2 (3.7) 18.6 (2.8) 10.6 (3.4) 73.6 (18.7)
No hump (n=99) 167.6 (9.2) 43.7 (4.1) 16.4(2.7) 9.4(2.8) 84.4 (26.8)
p* 0.1 <0.01 <0.01 0.14 <0.01
Saddle (n=15) 166.1 (12.3) 42.8 (4.9) 15.9 (3.3) 10.0 (2.7) 81.4(27.3)
No saddle (n=131) 168.7 (8.7) 44.7 (4.0) 17.3(2.8) 9.8 (3.1) 80.8 (24.7)
pT 0.29 0.10 0.12 0.81 0.93
Deviated (n=41) 170.0 (8.8) 44.6 (4.2) 17.6 (3.0) 10.0 (2.8) 77.2 (20.8)
Not deviated (n=105) 167.8 (9.2) 44.5 (4.0) 16.9 (2.9) 9.8(3.2) 82.3(26.3)
p* 0.19 0.82 0.30 0.78 0.27
Flat (n=20) 166.8 (12.5) 41.7 (4.8) 14.6 (3.0) 8.9 (2.7) 76.45 (26.4)
Not flat (n=126) 168.7 (8.5) 45.0 (3.8) 17.5(2.7) 10.0 (3.1) 81.6 (24.7)
p' 0.51 <0.01 <0.01 0.13 0.40

#: Student’s t-test, p<0.05, T: Mann-Whitney test, p<0.05

septal cartilage overlapping the nasal bone was reported to
be 7+2 mm long on average in a study by Kim et al."” In
a study by Godley et al., the length of the cartilage overlap
was 4 +2 mm on average.”’ The study by Kim et al. was
conducted using MR sections, while the study by Godley
et al. was conducted using cadavers. The discrepancy be-
tween the two studies may thus be due to differences in
methodology. In our study, wherein we analyzed the mid-
line sagittal view in CT scans to measure the maximal over-
lap of the cartilage and bone at the keystone area, we are
unable to measure the overlap between the upper lateral
cartilages and the nasal bone. In another cadaveric study of
18 adult Korean noses, Kim et al. stated that the mean over-
lap distance between the nasal bones and the upper lateral
cartilages in Koreans was 7 mm (range, 4—10 mm)."”

In our study, the angle formed by the nasal bone, the per-
pendicular plate of the ethmoid, and the septal cartilage at
the keystone area varied from 30.4 degrees to 154.2 de-
grees, and had an average value of 80.9 £25.1 degrees. In
the study by Godley et al., this angle measured 150+ 12 de-
grees. The authors of that study suggested that dorsal grafts
should be designed at a 150-degree angle to fit securely and
properly under the nasal bones."” Few reports have de-
scribed the relationship between this angle of insertion and
the stability of the keystone area to date. However, we may
speculate that more acute angles of insertion provide stron-
ger support for the L-strut than obtuse angles of insertion.
The cartilage would thus be secured more tightly within an

acute bony framework provided by the nasal bone and the
perpendicular plate of the ethmoid.

Our findings indicate that patients with hump nose have
longer nasal dorsal lengths and bony dorsal lengths, and
smaller angles of cartilage insertion. Patients with hump
nose also had longer bony portions (40% vs. 37%). This
implies that hump nose is a manifestation of excessive na-
sal growth. We also found that patients with flat nose have
shorter nasal dorsal lengths and bony dorsal lengths. How-
ever, there were no significant differences in nasal length
or angle between patients with deviated nose and those with
saddle nose deformity. This is probably because deviation
and saddle nose deformity are usually acquired deformities
and especially occur after trauma or surgical manipulation.
We excluded these patients from our study. This left us with
only 14 patients with saddle nose deformity and 41 patients
with deviated nose. These patients were small in number,
unsuitable for statistical analysis.

The strength of our study lies in the fact that it includes
a relatively large number of Korean patients, whereas ex-
isting literature focuses mainly on Caucasian noses. Previ-

. 3
ous studies have been conducted on cadavers'"

or using
radiographs of patients with non-sinonasal etiologies, i.e.,
CT scans of patients undergoing transsphenoidal pituitary
surgery” or brain MRIL."” However, we studied sagittal scans
of patients undergoing nasal surgery, which better reflect
the situation encountered by rhinologists on the operating

table. Here we admit the limitation of radiologic study that
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the sagittal view of a CT scan can only represent a single di-
mension of the keystone area. However, the keystone area
is a 3-dimensional anatomical concept consisting of the
width of the septum, the width of the nasal bones, and the
width of the perpendicular plate of the ethmoid, all of which
contribute significantly to the stability of the nose, cannot
be thoroughly assessed through this methodology.

CT scanning places patients at risk for radiation exposure.
Therefore, not all patients should undergo scanning prior to
septal surgery alone, as not all patients require the proce-
dure. However, in cases where CT scanning is appropriate,
such as in patients with inflammation of the paranasal si-
nuses or tumors, the septum should also be thoroughly eval-
uated. Patients expected to have weaker keystone areas
would benefit from a more careful dissection and extra pro-
cedures to secure the stability of this area. Further studies
are required to define the relationships between the compo-
nents of the keystone area and the risk of supratip depres-
sion. Future studies should also be carried out to determine
whether it would be possible to suggest a certain length or
angle as a cut-off value.

CONCLUSIONS

Our study, which was carried out in Korean patients, re-
vealed that men had longer noses than women did, and that
there was a positive correlation between patient height and
nasal length. The cartilaginous dorsum constitutes over half
of the whole nasal length and extends under the nasal bone
by about 9.5 mm. This finding may be useful in better un-
derstanding the anatomical features of Asian noses.
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