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Abstract

Background The septal extension graft is one of the most
commonly used grafts in Asian tip plasty techniques.
However, the septal extension graft usually induces a hard
and immobile nasal tip. The purpose of this study was to
evaluate the esthetic outcomes of the modified septal
extension graft with M-shaped auricular cartilage by three-
dimensional anthropometric analysis.

Methods A total of 36 patients received augmentation
rhinoplasty with M-shaped auricular cartilage as septal
extension graft combined with silicone implant. Thirteen
measurement items were evaluated using three-dimen-
sional anthropometric techniques, and the preoperative and
postoperative results were compared.

Results The majority of patients (91.7%) were satisfied
with the postoperative nasal shape. No infection, gross
absorption, graft exposure, implant exposure, or implant
migration was observed. Compared with the preoperative
value, the nasal length, nasal height, nasal depth, nasion
height, columella width, nasolabial angle, nasofrontal
angle, and nasal depth-nasal width index significantly
increased. The nasal width, nasal tip width, and nasal index
significantly decreased.

Conclusion We performed tip plasty with the M-shaped
auricular cartilage as modified septal extension graft,
achieving a soft and mobile tip with satisfying tip projec-
tion in most patients.
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Introduction

Rhinoplasty is becoming increasingly popular among
Asians because most Asian noses suffer from a bulbous tip,
low radix, low dorsum, short columella, and thick skin
envelope [1]. Dorsal augmentation is a relatively well-de-
veloped procedure that involves synthetic implants to make
a higher dorsum. With a multitude of procedures reported,
nasal tip refinement is more complex compared to dorsal
augmentation [2, 3]. Because of its availability, biocom-
patibility and anti-infectivity, autologous cartilage has been
widely utilized for tip plasty instead of synthetic implants
[4].

Septal extension graft (SEG) is a technique to control
nasal tip projection, shape, rotation, and provide nasal
lengthening, which is widely used in Asian rhinoplasty. For
the patients with thicker skin and relatively weak lower
lateral cartilage, SEG has been founded to maintain a
greater projection of the nasal tip than columellar strut [5].
However, fixing the SEG to septum remains challenges, for
insecure fixation between SEG and septum may result in
tip drooping or bending of the graft, while rigid fixation
may lead to an unnatural appearance. Various modified
techniques, such as suture techniques, the junction types of
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septum and graft, and the designs of SEG, have been
introduced to overcome these shortcomings [6].

Septal cartilage is most commonly used for the SEG due
to its strong support, but the majority of Asians possess
insufficient septal cartilage to meet the requirements [7].
Besides, it should be applied selectively on account of the
excessive thickness and strength of the costal cartilage, as
well as chest scars. Some studies have suggested that
auricular cartilage is more suitable as a nasal tip graft, due
to its adequate tissue and elasticity being close to that of
alar cartilage [8]. Therefore, we designed a modified SEG
with M-shaped auricular cartilage to overcome the short-
comings in Asian noses, which allowed for a closer
reconstruction of the physiological nasal tip structure.
Thus, the purpose of this study was to evaluate the esthetic
outcomes of the modified SEG with M-shaped auricular
cartilage by three-dimensional anthropometric analysis.

Methods
Patient Cohort

A total of 36 female patients with saddle nose deformity
who underwent rhinoplasty with M-shaped auricular car-
tilage as modified SEG combined with silicone implant
from February 2015 to June 2019 at Tongji Hospital, were
included in this study. All patients underwent primary
rhinoplasty for esthetic reasons and were evaluated using
three-dimensional anthropometric analysis preoperatively
and postoperatively. Cleft, syndromic and trauma-related
patients were excluded. The age of patients ranged from 21
to 32 years, with an average of 26.2 years. All procedures
performed in studies followed the 1964 Helsinki
declaration.

Surgical Technique

Auricular cartilage was harvested through a retroauricular
incision and was removed without damaging the anterior
skin. An L-shaped auricular cartilage of approximately
2.5 cm in length was obtained (Fig. la). Two auricular
cartilage strips, approximately 8 mm wide, were produced
from harvested auricular cartilage. The two auricular car-
tilage strips were sutured back-to-back to form an
M-shaped graft (Fig. 1b)

Through a transcolumellar inverted V-shaped incision,
the skin envelope was elevated to expose lower lateral
cartilages, septum, and upper lateral cartilages. As needed,
correction of septal deviation or percutaneous, medial, and
lateral osteotomies were performed. The middle part of the
M-shaped graft was located to the caudal septum and fixed
with sutures (Figs. lc, 2c). The lower lateral cartilages
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were advanced as needed, and medial crura were fixed to
the graft bilaterally (Figs. 1d, 2c). Then, the two wings of
the graft were fixed to the domal segments of the lower
lateral cartilage for tip projection and rotation, forming
double arches (Fig. 2). The remaining cartilage could be
used as onlay graft or alar base filler as need. Silicone
implant was carved into suitable size and implanted into
the dorsal subfascial space. Incisions were sutured finely,
followed by packing of the nasal cavity and maintaining
the nasal shape with plaster.

Three-Dimensional Anthropometric Analysis

A handheld three-dimensional scanner (EinScan-Pro + ,
SHINING 3D, China) was used to perform three-dimen-
sional imaging of the face. The model of the face was
reconstructed by software Geomagic Studio 2013 (Geo-
magic Inc., USA). The nasal parameters were measured
using 3-matic Research 9.0 software (Materialise Inc.,
USA). Anthropometric landmarks were defined according
to the previous reports of Farkas [9]. Eight facial landmarks
were identified on each facial image by the software
(Fig. 3a). The landmarks were as follows: nasion point (n),
nasal tip point (prn), subnasal point (sn), upper lip point
(Is), bilateral outmost points of the nasal ala (al) and
bilateral inner canthus points (en).

Seven linear, four angular standard anthropometric
measurements and two nasal indexes were obtained. Linear
measurements were as follows: nasal length (distance
between the nasion point and the nasal tip point), nasal
height (distance between the nasion point and the subnasal
point), nasal width (distance between bilateral outmost
points of the nasal ala), nasal depth (distance between the
subnasal point and the nasal tip point), nasion height
(vertical distance between nasion point and the inner can-
thus plane), nasal tip width (distance between bilateral tip-
defining points) and columella width (distance between
bilateral midpoints of columella). Angular measurements
were as follows (Fig. 3b): nasolabial angle (angle between
the columella line and the line connecting the subnasal
point and the upper lip point), nasofrontal angle (angle
between the nasal dorsum line and the oblique plane from
the forehead to the nasion), nasofacial angle (angle
between nasion-to-pogonion line to with nasion-to-tip
line), and nasal tip angle (angle between the nasal dorsum
line and columella line). Nasal indexes, including nasal
index (ratio of nasal width to nasal height) and nasal depth-
nasal width index (ratio of nasal depth to nasal width) were
calculated.
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Fig. 1 a An L-shaped auricular cartilage was harvested. b Two auricular cartilage strips were sutured back-to-back, forming an M-shaped graft.
¢ Middle part of the M-shaped graft was fixed to the caudal septum. d The medial crura of lower lateral cartilages were fixed to the graft

Assessment of Complications and Patient
Satisfaction

Postoperative complications, including infection, gross
absorption, graft exposure, implant exposure, or implant
migration, were evaluated and recorded. Patient satisfac-
tion was assessed by verbally questioning how patients
rated their postoperative nasal appearance as satisfactory or
unsatisfactory.

Statistical Analysis

The data were analyzed using Prism 8.0 (GraphPad Soft-
ware, San Diego, CA) software. All data were expressed as
mean £ SD. The paired student t-test was used to compare
the difference between preoperative and postoperative
nasal parameters. P < 0.05 was considered statistically
significant.

Results
Characteristics of Patients

A total of 36 patients received augmentation rhinoplasty
with M-shaped auricular cartilage as SEG combined with
silicone implant. All patients underwent primary rhino-
plasty. The mean follow-up was 16.3 months, with a range
from 13 to 25 months. Thirty-three patients (91.7%) were
pleased with the postoperative nasal contour and tip pro-
jection (Figs. 4, 5), while the other three patients (8.3%)
felt little change in nasal appearance. No further compli-
cations were found in these patients, such as infection,
gross absorption, graft exposure, implant exposure, or
implant migration.
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Fig. 2 The two wings of M-shaped graft were fixed to the domal segments of the lower lateral cartilage. a Lateral view, b anteroposterior view,

¢, d diagram of the surgical procedure

Fig. 3 Three-dimensional
anthropometric analysis of nose. A
a Nasal landmarks in frontal

view. b Measurement of nasal

angles in lateral view:

o = nasofrontal angle, § = nasal

tip angle, 7 = nasolabial angle

Comparison of Preoperative and Postoperative
Nasal Measurements

The results of the three-dimensional anthropometric anal-
ysis are detailed in Table 1. The mean nasal lengths were
40.77 £ 4.22 mm preoperatively and 46.65 £ 5.57 mm
postoperatively (P < 0.0001). The mean difference
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between preoperative and postoperative nasal lengths was
5.88 £ 4.65 mm. The average nasal depths were
16.31 + 2.86 mm preoperatively and 18.22 + 2.95 mm
postoperatively (p = 0.0009), and the mean difference
between preoperative and postoperative nasal depths was
191 £ 2.04 mm. The mean columella widths were
7.33 £ 1.02 mm preoperatively and 7.77 &+ 1.01 mm
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Fig. 4 A 25-year-old Asian woman who underwent rhinoplasty M-shaped auricular cartilage and dorsal augmentation. Preoperative a and

postoperative b facial profiles are shown

postoperatively (P < 0.0001). The mean difference
between preoperative and postoperative columella widths
was 0.44 + 0.52 mm. Compared with the preoperative
values, the postoperative nasal heights and nasion heights
increased significantly, by 4.73 £ 4.04 mm (p < 0.0001)
and 2.48 + 2.34 (p < 0.0001), respectively. Likewise, the
nasal widths and nasal tip widths decreased significantly,
by — 1.26 £ 2.12 mm (p =0.0011) and — 0.92 £ 1.28
(p = 0.0092), respectively. The mean nasolabial angles
were 97.33° + 11.70° preoperatively and
100.00° £ 10.82° postoperatively (P = 0.0078). The mean
difference between preoperative and postoperative nasola-
bial angles was 2.67° & 1.63°. The mean nasofrontal
angles were  140.4° £ 6.92° preoperatively and
145.8° £ 7.93° postoperatively (P = 0.0078). The mean
difference between preoperative and postoperative naso-
frontal angles was 5.41° £ 6.48°. However, the preopera-
tive and postoperative nasofacial angles (p = 0.8016) and
nasal tip angles (p = 0.3542) were not different. Compared

with the preoperative value, the nasal index decreased
(p < 0.0001) and nasal depth-nasal width index increased
(p < 0.0001) significantly.

Discussion

Located in the center of the face, the nose plays a decisive
role in the appearance. However, due to the thicker skin
envelope, denser fibromuscular layer, and smaller lower
lateral cartilages than those of Caucasians, the noses of
Asians are characterized by a round or bulbous tip, less tip
projection, lower dorsum, and wider nasal base [10, 11].
L-shaped silicone implants were once widely used in dorsal
augmentation and tip plasty, but long-term follow-up
revealed a high incidence of postoperative complications,
such as infection and implant protrusion [12]. The pre-
vailing concept is dorsal rhinoplasty using silicone
implants and tip rhinoplasty using autologous cartilage.
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Fig. 5 A 27-year-old Asian woman who underwent rhinoplasty M-shaped auricular cartilage and dorsal augmentation. Preoperative a and
postoperative b facial profiles are shown

Table 1 Esthetic results by three-dimensional anthropometric analysis

Preoperative values Postoperative values Difference P
Nasal length (mm) 40.77 + 4.22 46.65 + 5.57 5.88 &+ 4.65 < 0.0001
Nasal height (mm) 50.54 £+ 4.08 55.27 £ 5.49 4.73 + 4.04 < 0.0001
Nasal width (mm) 38.55 + 3.11 37.30 £+ 2.63 —1.26 £2.12 0.0011
Nasal depth (mm) 16.31 £+ 2.86 18.22 £ 2.95 191 £ 2.04 0.0009
Nasion height (mm) 7.21 £ 2.16 9.69 + 2.28 2.48 + 2.34 < 0.0001
Nasal tip width (mm) 17.83 £+ 2.08 16.91 £+ 2.02 — 092 £1.28 0.0092
Columella width (mm) 7.33 £ 1.02 7.77 £ 1.01 0.44 £ 0.52 < 0.0001
Nasolabial angle (°) 97.33 £ 11.70 100.00 + 10.82 2.67 + 1.63 0.0078
Nasofrontal angle (°) 140.4 £ 6.92 145.8 £ 7.93 5.41 + 648 < 0.0001
Nasofacial angle (°) 25.54 + 4.13 25.28 + 4.44 —0.26 £ 3.35 0.8016
Nasal tip angle (°) 87.03 £7.23 87.99 £ 7.90 0.96 £ 6.15 0.3542
Nasal index 0.77 £ 0.09 0.69 £+ 0.08 — 0.07 £ 0.07 < 0.0001
Nasal depth-nasal width index 0.45 £ 0.08 0.50 £+ 0.08 0.05 £ 0.05 < 0.0001
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Costal cartilage, auricular cartilage, and septal cartilage
are all widely used in tip plasty. A large amount of tissue
and the strong support of costal cartilage are advantageous
for nasal tip shaping, but the disadvantages include chest
damage and incisional scarring. With less septal cartilage
available in Asians, it is difficult to complete tip plasty
using septal cartilage alone. The mechanical properties of
both the costal cartilage and the septal cartilage are stiff
and straight, unlike those of the lower lateral cartilages
[6, 13]. The matrix of the auricular cartilage contains a
large amount of elastic fiber, so the auricular cartilage is
soft and flexible, making it possible to withstand appro-
priate force without fracturing. The surface of the auricular
cartilage is smooth and curves into a natural arch, resem-
bling a physiological nasal tip. Besides, the advantages of
hidden incisions, less injury, and sufficient amount of
bilateral auricular cartilage tissue make it an ideal choice
for rhinoplasty.

Reinforcement of the nasal tip is required in most Asian
noses. Although the suture technique of lower lateral car-
tilages is a way to enhance nasal tip support, it is difficult to
achieve the ideal nasal tip shape and projection simply by
sutures due to the thick soft tissue envelope and underde-
veloped medial crura in Asian noses. Structural supporting
grafts such as the columellar strut graft or septal extension
graft are essential techniques combined with the suture
technique. The columellar strut graft can reinforce the
medial crura of lower lateral cartilages to obtain sufficient
nasal tip projection [14]. However, cephalic rotation of the
dome caused by columellar strut graft would lead to nasal
shortening and nostril exposure. The septal extension graft
is an effective method to control nasal lengthening, tip
projection and rotation, allowing to compensate for the
shortcomings of the columellar strut graft [6, 15]. As the
physiological nasal tip should be mobile, and the strength
of auricular cartilage is similar to that of the low lateral
cartilage, we designed a modified septal extension graft by
using a back-to-back, M-shaped auricular cartilage graft.
This technique is easy and effective to increase nasal tip
protrusion and lengthen the nose.

The long-term follow-up results of the patients enrolled
in the present study demonstrated that the M-shaped
auricular graft as SEG could result in stable refinement of
the nasal tip, with an average increase in nasal depth of
1.91 mm and an average decrease in nasal tip width of
0.92 mm. Besides, the nasal parameters such as nasal
height, nasal length, nasofacial angle, and nasal tip angle
increased postoperatively. However, the postoperative
columella width increased slightly by 0.44 mm. The
M-shaped SEG has refined the nasal profile, as reflected in
the nasal index and nasal depth-nasal width index. Thus,
reliable control of the nasal tip, such as projection, rotation,
and nasolabial angle, is available with this efficient

technique. The direction of the M-shaped SEG is adjus-
table, if the graft is positioned more perpendicular to the
nasal dorsum, the mechanical advantage in tip projection is
greater. By adjusting the M-shaped SEG to control the
anterior end of the graft, it is feasible to simultaneously
increase the nasal length and tip projection appropriately,
which is suitable for short noses with low nasal tips in
Asians.

There are several advantages to using this M-shaped
septal extension graft. First, this auricular cartilage graft
resembles the physiological nasal tip structure, which
enables the elastic tip to withstand moderate external forces
after surgery, even if rigid fixation between SEG and
septum. Second, the nasal length and tip projection can be
modified by adjusting the direction of the M-shaped SEG
to suit the individual. Third, two wings of the strut are fixed
to the domal segments of the lower lateral cartilage to form
double arches, which further improves the tip projection.
Due to the elasticity of the arches, the risk of the strut
protruding is reduced. Fourth, the integrity of the nasal
septal cartilage is not damaged, and the supporting strength
of the nose is protected. Fifth, preserving the intact carti-
lage membrane and matrix, the auricular cartilage graft
forms a strong unit that provides exact support for adequate
tip projection and preventing the cephalic rotation of the
dome. Finally, the procedure is simple enough to correct
most mild to moderate short noses and bulbous tips.

Some limitations existed in this study. Firstly, due to the
relatively small number of cases and the short follow-up
period in this study, more patients and long-term follow-up
are needed to verify the effectiveness and reliability of the
graft. Furthermore, auricular cartilage provides less
strength than costal cartilage which may not be sufficient to
correct severe short and bulbous noses

Conclusions

M-shaped auricular cartilage as modified septal extension
graft is relatively easy to master and simultaneously refines
the projection and width of nasal tip and increases the nasal
length in most Asian patients. The new technique not only
allows for stable nasal tip support, but also makes the tip
soft and mobile due to the elasticity of the auricular
cartilage.
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