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Efficacy and safety of equine cartilage for rhinoplasty:
a multicenter double-blind non-inferiority
randomized confirmatory clinical trial
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Background: The efficacy and safety of equine cartilage as a competent xenograft material for rhinoplasty were evaluated and compared
to the outcomes of rhinoplasty using silicone implants.

Methods: We performed a multicenter, double-blind, non-inferiority, and randomized confirmatory study. Fifty-six patients were random-
ized 1:1 to the study group (using MegaCartilage-E) and control group (using silicone implants). The Rhinoplasty Outcome Evaluation (ROE)
score, photo documentation, Global Aesthetic Improvement Scale (GAIS), and adverse event data were obtained until 12 months after sur-
gery. The primary efficacy, which is the change in ROE score 6 months after surgery, was assessed in the modified intention-to-treat set.
The secondary efficacy was evaluated in the per-protocol set by assessing the change in ROE score 6 and 12 months after surgery and
nasofrontal angle, the height of the nasion, and GAIS 1, 6, and 12 months after surgery.

Results: The change in ROE score of the study group was non-inferior to that of the control group; it increased by 24.26 +17.24 in the study
group and 18.27+17.60 in the control group (p=0.213). In both groups, all secondary outcome measures increased, but there was no statis-
tical difference. In the safety set, treatment-emergent adverse events occurred in 10 patients (35.71%) in the study group and six patients
(21.43%) in the control group (p=0.237). There were 13 adverse device events in the study group and six adverse device events in the con-
trol group (p=0.515).

Conclusion: Processed equine cartilage can be used effectively and safely as xenograft material for rhinoplasty.

Abbreviations: ADE, adverse device events; Cl, confidence interval; GAIS, Global Aesthetic Improvement Scale; mITT, modified intention-
to-treat; PP, per-protocol; ROE, Rhinoplasty Outcome Evaluation; TEAE, treatment-emergent adverse event
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INTRODUCTION

A substantial amount of dorsal augmentation is frequently
needed for Asian rhinoplasty because the nasal bones are flat,
and the radix is relatively low in Asians compared to Cauca-
sians [1-3]. Various nasal implants have been used for dorsal
augmentation. The ideal nasal implant is thought to be readily
available, inexpensive, biocompatible, nontoxic, noncarcino-
genig, sterilizable, and easy to sculpt and remove. Furthermore,
the ideal implant should maintain its volume and mechanical
support over time and resist trauma, infection, and extrusion
[4,5]. However, the ideal nasal implant does not exist.

Autologous grafts such as cartilage remain the gold-standard
material for nasal implantation [6]. The main advantage is that
it has low risk of infection, resorption, rejection, and extrusion
[7]. It also elicits minimal inflammatory responses [4]. Howev-
er, the limitations include limited quantity of available tissue
and donor site morbidity [6,8]. It also presents unexpected
warping and resorption. To overcome these limitations, homol-
ogous costal cartilage has been used because it has “off-the-
shelf” accessibility with multiple available sizes. It is also asepti-
cally processed to meet sterile condition and screened to mini-
mize infectious risks [9]. However, the main disadvantage is its
limited supply because it needs to be harvested from donated
cadavers of young patients as relatively older patients have
higher calcium content in their costal cartilages [10]. Alloplastic
materials have been widely used for dorsal augmentation be-
cause they are relatively affordable. Silicone implants are the
most widely used material for augmentation rhinoplasty in
Asian countries [11]. Although silicone implants come with the
risk of infection, extrusion, and capsular contracture, it is easy
to use for significant dorsal augmentation and can be supplied
unlimitedly [6].

Table 1. Inclusion and exclusion criteria
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The research on xenografts is actively progressing because xe-
nografts can overcome the limitation of lack of supply and are
affordable compared to the cost of homologous grafts. There
have been several studies to test xenografts as potential candi-
dates for nasal implant material for rhinoplasty and nasal re-
construction [12-16]. Herein, the safety and efficacy of equine
cartilage as a potential xenograft material for rhinoplasty were
evaluated. MegaCartilage-E (L&C Bio, Seoul, Korea) is equine
cartilage which is processed by a multi-step washing process
and gamma-ray sterilization. To assess its potential as a candi-
date for rhinoplasty implants, qualitative and quantitative out-
comes of rhinoplasty with MegaCartilage-E were assessed and
compared with outcomes of rhinoplasty with silicone implants.
This study is a multicenter, double-blind (patient-independent
investigator), non-inferiority, prospective, and randomized
confirmatory clinical trial.

METHODS

Patients and study design

This study was conducted between October 5, 2018, and Sep-
tember 4, 2021, at two tertiary medical centers in Seoul, South
Korea. The study protocol was reviewed and approved by the
institutional review board of the two independent universities
(IRB Nos. 2018-12-001 and 2019-1162).

Sixty-seven patients were screened based on the inclusion and
exclusion criteria (Table 1), and 56 patients were enrolled in the
study. All the enrolled patients provided written informed con-
sent, and the study was conducted according to the Declaration
of Helsinki. Demographic data, medical history, blood and
urine test results, and photography were obtained, and physical
examinations were performed. The enrolled patients (n=>56)
were randomly assigned (1:1) to the study and control groups.

Inclusion criteria

Exclusion criteria

- Age over 19
- Who understood detailed explanation of this clinical trial and gave written consent

- Who has been informed of surgical procedures, effects, and side effects of anesthesia

and gave written consent
- Who wish to undergo rhinoplasty for the purpose of reconstruction of congenital or
acquired deformities or changes of the nose due to aging

- Who shows normal finding in blood coagulation, renal function, and liver function tests

at screening

- Who have not had surgery on the nose within 1 year prior to screening and recovered

from side effects of previous treatments

- History of receiving fat graft, autogenous dermis, and other foreign substances on

the nose

- Who have infection, contamination, or severe scar contracture at the surgical site
- Severe nose-related diseases such as rhinitis, sinusitis, and turbinate hypertrophy
- Liver dysfunction or coagulation disorders

- History of hypertrophic scar or keloid

- Atopic dermatitis

- History of anaphylaxis or severe combined allergy symptoms, or a history of

hypersensitivity to equine-derived substances

- Hypersensitivity to lidocaine or amide-based local anesthetics in the past
- Who has uncontrolled infectious or immune-related diseases or who are taking

immunosuppressants or corticosteroids during the clinical period

- Systemic diseases that significantly affects this clinical trial
- Pregnant, nursing, or planning to become pregnant during the trial period
- Who participated in another clinical trial within a month before screening
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Surgical method and implant material

Raw equine cartilage for MegaCartilage-E is harvested from the
scapular cartilage of horses (younger than 36-month-old). After
the removal of the surrounding tissue, the cartilage was carved
into the standardized size [4 cm (length) x 0.7-0.9 cm (width) x
0.25+0.49 cm (thickness)]. Then the material was processed
with de-lipidation, decellularization, and virus inactivation.
Sterilization was performed using gamma irradiation (35 kGy),
and the cartilage was immersed in sterile saline solution to be
ready for use.

For the study and control groups, rhinoplasty was performed
in the same manner under local anesthesia. A 3-5 mm long in-
cision in the nostril approximately 3 mm from the alar edge or
a transcollumellar incision was made. Then, the dissection was
performed from the upper nostril to the glabella in the subperi-
osteal plane. Next, the assigned nasal implant was carved and
inserted. The incision was closed with 6-0 Vicryl (polyglactin
910) or 7-0 catgut. Skin taping was applied over the dorsum of
the nose, and the external nasal splint was maintained for 3

Fig. 1. Photographs of equine cartilage (MegaCartilage-E). (A) Pro-
cessed equine cartilage (frontal view). (B) Processed equine carti-
lage (lateral view). (C) Carved equine cartilage.
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days to prevent malpositioning of the implant.

In the control group, rhinoplasty was performed with the sili-
cone implant (Bistool SOFTXiL, Seoul, Korea), whereas Mega-
Cartilage-E (L&C Bio) was used in the study group (Fig. 1). Pa-
tients were blinded to the type of implant used for their rhino-
plasty even after surgery and the operator to the type of implant
that would be used until the operation.

Assessment

The efficacy was evaluated using the Rhinoplasty Outcome
Evaluation (ROE) questionnaire and photo documentation be-
fore surgery and 1, 6, and 12 months after surgery. Also, Global
Aesthetic Improvement Scale (GAIS) evaluation was evaluated
at every visit after surgery. The ROE is a quick and easy-to-per-
form self-reported questionnaire. It is a standardized and reli-
able method of evaluating the quality of life following rhino-
plasty in terms of physical, mental, and social aspects (Fig. 2)
[17]. It is composed of five questions about nasal shape and one
about nasal breathing. Each question is scored on a scale of 0-4,
where 0 is the most negative answer and 4, the most positive.
The sum of all the scores was divided by 24 and multiplied by
100.

For quantitative measurement, standardized frontal and later-
al view photographs were obtained (Fig. 3). The nasofrontal
angle and the height of nasion were measured by an indepen-
dent investigator who was not involved in the surgery (Fig. 4).
The investigator was blinded to the type of implant and timing
of photography. The investigator’s satisfaction was assessed by
GAIS, which is a 5-grade scale (Fig. 5). To assess safety, any ad-

Rhinoplasty Outcome Evaluation

1. How well do you like the appearance of your nose?

(0) Notatall (1) Somewhat  (2) Moderately ~ (3) Very much  (4) Completely

2. How well are you able to breathe through your nose?

(0) Notatall (1) Somewhat  (2) Moderately  (3) Very much (4) Completely

3. How much do you feel your friends and loved ones like your nose?

(0) Notatall (1) Somewhat  (2) Moderately  (3) Very much (4) Completely

4. Do you think your current nasal appearance limits your social or professional
activities?
(0) Always (1) Usually

(2) Sometimes  (3) Rarely (4) Never

5. How confident are you that your nasal appearance is the best that it can be?
(0) Notatall (1) Somewhat  (2) Moderately  (3) Very much (4) Completely

6. Would you like to surgically alter the appearance or function of your nose?
(0) Definitely (1) Definitely () Possibly (3) Probably not  (4) No

G J

Fig. 2. Rhinoplasty Outcome Evaluation questionnaire.
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Fig. 3. Lateral view photographs of the patient. (A) Preoperative pho-
tograph. (B) Postoperative photograph that was taken 48 weeks after
surgery.

¢ F 4!

Fig. 4. Schematic drawings of patients and measurement methods.
The nasofrontal angle was defined as the angle between the line
connecting the glabella from the nasion and the line connecting the
pronasale from the nasion (blue line). The height of the nasion was
defined as the distance from the corneal border to the nasion (red
double arrow). (A) Preoperative illustration. (B) Postoperative illus-
tration. The nasofrontal angle and the height of nasion have in-
creased compared to before surgery. g, glabella; n, nasion; prn, pro-
nasale; h, height of the nasion.

verse events were documented at every visit.

The primary efficacy was assessed by the change in ROE score
6 months after surgery. For the secondary efficacy, the changes
in ROE score 1 and 12 months after surgery, nasofrontal angle
and height of nasion, and GAIS score of 1, 6, and 12 months af-
ter surgery were analyzed. The assessment was performed in
three different patient sets (Fig. 6). The modified intention-to-
treat (mITT) set was the group of patients that received the pri-
mary efficacy assessment. All 28 patients in the study group
completed the scheduled study, whereas three patients from the
control group dropped out. Of these three patients, two
dropped out before the primary efficacy assessment. Thus, all

Archives of Craniofacial Surgery AC F S

GAIS evaluation

Degree Description

1. Exceptional improvement |  Excellent corrective result

2. Very improved patient Marked improvement of the appearance, but not

completely optimal

3. Improved patient Improvement of the appearance, better compared with

the initial condition, but a touch-up is advised

4. Unaltered patient The appearance substantially remains the same

compared with the original condition

5. Worsened patient The appearance has worsened compared with the

original condition

Fig. 5. Global Aesthetic Improvement Scale (GAIS) scores.

28 patients from the study group and 26 from the control group
were included in the mITT set. The per-protocol (PP) set was
defined as the group of patients who completed the entire
scheduled study and did not violate any study protocol. The
secondary efficacy was assessed in the PP set, which comprised
25 patients from the study group and 20 from the control
group. Fifty-six patients who were evaluated for any adverse
events more than once were included in the safety set.

Statistical analysis

Data analysis was performed using SAS 9.4 (SAS Institute Inc.,
Cary, NC, USA). Continuous variables were analyzed using
mean, standard deviation (SD), minimum/maximum, or me-
dian. For categorical variables, frequency and percentage were
proposed. The two-tailed ¢-test was used to analyze data, and
P <0.05 was considered statistically significant.

We computed a sample size of 44 patients, given an alpha er-
ror of 2.5% (one-sided independent two-sample ¢-test) and a
power of 80%, with the SD for the primary efficacy being 17.6
(based on a previous study [18]). After considering potential
dropouts (20%), the final computed sample size was 56 patients
(28 per group). The non-inferiority margin was set at 15 based
on clinical data from previous studies [18,19]; that is, the non-
inferiority of the study group would be demonstrated if the
lower boundary of the one-sided 97.5% confidence interval
(CI) for the difference in ROE score between the two groups is
greater than -15.

RESULTS

Demographic and laboratory data (mITT set)

Demographic data were analyzed for the mITT set (Table 2).
Of the 28 study group patients, 11 were men (39.29%), and 17
were women (60.17%). In the control group, there were nine
men (34.62%) and 17 women (65.38%). There was no statistical
difference between the study and control groups (p=0.723).
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67 Screened
8 Do not meet the criteria
» 11 Excluded 2 Withdrawn
v 1 Other
56 Enrolled
28 Study group 28 Control group
0 Dropped out 25 Completed 3 Dropped out
1 Withdrawn

1 Loss of follow-up

1 Adverse event

Patients set Study group Control group Total number of patients
Safety set 28 (100) 28 (100) 56 (100)

mITT set 28 (100) 26 (92.86) 54 (96.43)

PP set 25 (89.29) 20 (71.43) 45 (80.36)

Fig. 6. Flowchart of the clinical trial and the table of analysis set. Values are presented as number (%) in the table. mITT, modified intention-

to-treat; PP, per-protocol.

Table 2. Demographic data (mITT set)

Variable Study group (n=28) Control group (n=26) Total (n="54) p-value
Sex 0.723"
Male 11(39.29) 9 (34.62) 20 (37.04)
Female 17 (60.71) 17 (65.38) 34 (62.96)
Age (yr) 0.050”
Mean £ SD 37.29 =13.06 44.85+13.47 40.93 £13.67
Median (range) 34.0 (20-62) 445 (19-71) 40.0 (19-71)
Height (cm), mean + SD 165.43 £ 9.65 163.77 £ 10.08 0.539%
Weight (kg), mean + SD 71.04+£18.77 7013+ 15.22 0.842"
Smoking
Yes 8 (28.57) 6 (23.08) 14 (25.93) 0.645?
No 20 (71.43) 20 (76.92) 40 (74.07)
Alcohol drinking
Yes 20 (71.43) 14 (53.85) 34 (62.96) 0.181?
No 8 (28.57) 12 (46.15) 20 (37.04)
Systolic blood pressure (mmHg), mean & SD 125.86 £ 13.21 124.35+14.19 0.687¢
Diastolic blood pressure (mmHg), mean + SD 81.07 £11.52 7812 £1.68 0.3549
Heart rate (beats/min), mean &+ SD 79.00 £15.72 75.58 £11.65 0.3719
Medical history 11 (39.29) 9(34.62) 20 (37.04) 0.723%

Values are presented as number (%) unless other wise indicated.
mlITT, modified intention-to-treat; SD, standard deviation.
AChi-square test; "Wilcoxon rank-sum test; “Independent two-sample t-test.
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The mean age was 37.29 + 13.06 in the study group and 44.85 +
13.47 in the control group, and there was no statistical differ-
ence (p=0.050). Between the study and control groups, weight
and height were not statistically different (p=0.539 and p=
0.842, respectively). History of smoking and alcohol consump-
tion, systolic/diastolic blood pressure, heart rate, and the pres-
ence of medical history were also not different between the
groups (p=0.645, p=0.181, p=0.687, p=0.354, and p=0.723,
respectively). In addition, complete blood count, chemistry
panel, coagulation test, and urine analysis were also performed,
and there was no statistical difference in any specific variables.

Table 3. Primary efficacy (mITT set)

Archives of Craniofacial Surgery AC F S

Primary efficacy (mITT and PP set)

The primary efficacy was analyzed in the mITT set (Table 3).
The mean of ROE score change was 24.26+ 17.24 in the study
group and 18.27+17.60 in the control group. Both changes
were statistically significant (p<0.001). The change in ROE
score of the study group was non-inferior to that of the control
group since the lower boundary of the 97.5% CI was -3.53. Ac-
cording to recommended practice for non-inferiority trials, the
non-inferiority was also analyzed in the PP set, and the lower
boundary of 97.5% CI was —4.93 (Table 4) [20].

Variable

Value Study group (n=28) Control group (n=26) p-value
Before surgery Mean £ SD 4330 +£12.54 40.70 £14.16 0.478?
Median (min, max) 45.83 (20.83, 62.50) 43.75 (16.67,79.17)
6 Months after surgery Mean + SD 67.56 £19.75 58.98 £ 14.13 0.074%
Median (min, max) 70.83 (16.67, 100.00) 58.33 (33.33, 79.17)
Change at the time of 6 months ~ Mean £ SD 2426 £17.24 18.27 £17.60 02139
after surgery Median (min, max) 25.00 (~12.50, 54.17) 18.76 (~20.83, 50.00)
p-value <0.001" <0.001"
Lower boundary of 97.5% Cl -3.53
Non-inferiority margin -15
mITT, modified intention-to-treat; SD, standard deviation; CI, confidence interval.
JIndependent two-sample t-test; YPaired t-test.
Table 4. Primary efficacy (PP set)
Variable Value Study group (n=25) Control group (n=20) p-value
Before surgery Mean £ SD 4433 +£12.55 38.75+15.06 0.182%
Median (min, max) 45.83 (20.83, 62.50) 37.50 (16.67,79.17)
6 Months after surgery Mean £ SD 67.83 +20.22 56.88 £ 13.87 0.045Y
Median (min, max) 70.83 (16.67,100.00) 37.50 (33.33,79.17)
Change at the time of 6 months ~ Mean & SD 23.50£16.40 1813+ 17.79 0.299%
after surgery Median (min, max) 25.00 (<12.50, 54.17) 16.67 (~20.83, 50.00)
p-value <0.001” <0.001”
Lower boundary of 97.5% Cl -4.93
Non-inferiority margin -15
PP, per-protocol; SD, standard deviation; Cl, confidence interval.
IIndependent two-sample t-test; “Paired t-test.
Table 5. Change of Rhinoplasty Outcome Evaluation score 1 and 12 months after surgery (PP set)
Timepoint Value Study group (n=25) Control group (n=20) p-value
1 Month after surgery Mean £ SD 26.83+16.05 2417 £17.39 0.596%
Median (min, max) 29.17 (-12.50, 58.33) 22.92 (-16.66, 58.33)
p-value <0.001? <0.001?
12 Months after surgery Mean + SD 25.00 £+ 20.09 1917 £17.95 0.316%

Median (min, max)

p-value

29.17 (-12.50, 54.17)

<0.001”

14.58 (-12.50, 45.83)

<0.001”

PP, per-protocol; SD, standard deviation.
JIndependent two-sample t-test; “Paired t-test.
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Secondary efficacy (PP set)

As one of the secondary efficacy outcomes, the ROE scores 1
and 12 months after surgery were assessed in the PP set (Table 5).
In the study group, the ROE score increased by 26.83 + 16.05
and 25.00+20.09 at 1 and 12 months after surgery, respectively.
In the control group, it increased by 24.17+17.39 and 19.17+
17.95 at 1 and 12 months after surgery, respectively. The change
in ROE scores between the two groups was not statistically dif-
ferent at 1 and 12 months after surgery (p=0.596 and p=0.316,
respectively).

The nasofrontal angle at 1, 6, and 12 months after surgery and
the change from the preoperative status were assessed in the PP
set (Table 6). One month after surgery, the nasofrontal angle in-
creased by 10.36°+4.24° in the study group and 7.95°+3.38° in
the control group. The change in the nasofrontal angle at 6
months after surgery was 7.92°+4.97° in the study group and
6.73°+ 3.12° in the control group. Twelve months after surgery,
the nasofrontal angle changed by 7.78°+5.06° in the study
group and 5.93°+5.06° in the control group. There was no sta-
tistical difference between the changes in the two groups at any
of these time points (p>0.05) (Fig. 7).
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The height of the nasion was also measured, and the change in
measurements was compared between the two groups (Table 7).
In the study group, the height of the nasion increased by
0.33+0.16 cm, 0.25+0.12 cm, and 0.22+0.13 cm at 1, 6, and
12 montbhs after surgery, respectively. It also increased in the
control group by 0.26 £0.18 cm, 0.22+0.17 cm, and 0.24+0.22
cm at 1, 6, and 12 months after surgery, respectively. There were
no significant differences between the two groups at any of the
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Fig. 7. The change in the nasofrontal angle over time. ¥p<0.001.

Table 6. Change of nasofrontal angle 1, 6, 12 months after surgery (PP set)

Timepoint Value Study group (n=25) Control group (n=20) p-value

1 Month after surgery (°) Mean £ SD 10.36 +4.24 7.95+3.38 0.0729
Median (min, max) 9.50 (0.50, 21.50) 8.25 (1.00, 14.00)
p-value <0.001” <0.001¢

6 Months after surgery (°) Mean + SD 7.92£4.97 6.73+£3.12 0.478?
Median (min, max) 8.50 (~2.50, 16.00) 7.50 (~1.00, 10.50)
p-value <0.001? <0.001¢

12 Months after surgery (°) Mean £ SD 7.78 £5.06 5.93+5.06 0.4107
Median (min, max) 7.50 (-1.50, 18.00) 6.75 (-7.50, 13.50)
p-value <0.001? <0.001°

PP, per-protocol; SD, standard deviation.

IMann-Whitney Utest; "Paired t-test; “Wilcoxon signed rank test.

Table 7. Change of height of nasion 1, 6, and 12, months after surgery (PP set)

Timepoint Value Study group (n=25) Control group (n=20) p-value

1 Month after surgery (cm) Mean £ SD 0.33£0.16 0.26 £0.18 0.165%
Median (min, max) 0.30 (0.10, 0.70) 0.30 (0.00, 0.70)
p-value <0.001¢ <0.001°

6 Months after surgery (cm) Mean =+ SD 0.25+0.12 0.22£0.17 0.453"
Median (min, max) 0.20 (0.10, 0.50) 0.15 (0.00, 0.50)
p-value <0.001? <0.001?

12 Months after surgery (cm) ~ Mean & SD 0.22+0.13 0.24 £0.22 0.972"
Median (min, max) 0.20 (0.00, 0.50) 0.20 (~0.20, 0.80)
p-value <0.001% <0.001¢

PP, per-protocol; SD, standard deviation.

JIndependent two-sample t-test; “Mann-Whitney Utest; “Paired t-test; “Wilcoxon signed rank test.
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Fig. 8. The change in the height of the nasion over time. ¥p<0.001.

Table 8. Global Aesthetic Improvement Scale 1, 6, and 12 months
after surgery (PP set)

Timepoint Rating SttJ[?igerc;up CO?:S Zgg))up p-value
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Table 9. Adverse events (safety set)

Study group  Control group

Adverse event (n=28) (n=28)

p-value

Treatment-emergent adverse  Patient 10 (35.71) 6 (21.43) 0.237%
event Case 18 10
Adverse device event Patient 7 (25.00) 5(17.86) 0.515?
Case 13
Serious adverse event Patient 0
Case

0

Serious adverse device event  Patient 0
Case 0
0

0

o O O o o

Dropped out because of the  Patient 1(3.57) 1.000”

adverse event Case

Values are presented as number (%).
AChi-square test; “Fisher exact test.

Table 10. Adverse device effect (safety set)

1 Month after  Exceptionally improved 13 (52.0) 12 (60.0) 0.5929

surgery Very improved 12 (48.0) 8 (40.0)

Improved 0 0

Unaltered 0 0

Worsened 0 0
6 Months after ~ Exceptionally improved 15 (60.0) 7 (35.0) 0.103"
Sy Very improved 7(280)  12(60.0)

Improved 3(12.0) 1(5.0)

Unaltered 0 0

Worsened 0 0

12 Months after Exceptionally improved 11 (44.0) 11(55.00  0.785”

surgery Very improved 10(400)  6(30.0)
Improved 4(16.0) 3(15.0)
Unaltered 0 0
Worsened 0 0

Values are presented as number (%).
PP, per-protocol.
AChi-square test; “Fisher exact test.

three-time points (p=0.165, p=0.453, and p=0.972, respec-
tively); however, all the changes had statistical significance
(p<0.001) (Fig. 8).

The GAIS was also assessed 1, 6, and 12 months after surgery
in both groups and compared (Table 8). In both groups, the
outcome of rhinoplasty was assessed as “Exceptionally im-
proved,” “Very improved,” or “Improved” There was no statisti-
cal difference between the two groups at any of the three-time
points (p=0.592, p=0.103, and p=0.795, respectively).

Safety (safety set)

All adverse events were documented and analyzed in the safety
set (Table 9). Adverse device effect (ADE) refers to only device-
related adverse events, and treatment-emergent adverse event

Variable Study group Control group
Total number of adverse device event 13 6
Redness of nasal dorsum 3 1
Swelling of nasal dorsum 3 1
Milium 1 0
Malposition of implant 5 2
Pain 1 0

Overall swelling

o o

Periorbital bruise

(TEAE) includes all other adverse reactions in the body, includ-
ing ADE. The number of patients who experienced at least one
TEAE was 10 (35.71%) in the study group and six (21.43%) in
the control group. Recovery was full for all the 18 TEAEs of the
study group (100%) and seven of the control group (70%).
Three TEAEs, from which there is ongoing recovery, occurred
in a patient, and they were chronic underlying diseases: hyper-
tension, hyperlipidemia, and diabetes mellitus. Thirteen ADEs
occurred in seven patients (25.00%) in the study group, and six
ADE:s occurred in five patients (17.96%) in the control group.
There was no statistical difference between the two groups re-
garding TEAEs and ADEs (p=0.237 and p=0.515). No serious
adverse event or serious adverse device event was recorded in
either group. Of the 56 patients, only one from the control
group dropped out due to adverse events. All ADEs were minor

complications, and recovery was complete without sequelae
(Table 10).

DISCUSSION

Various implant materials have been used for dorsal augmenta-
tion rhinoplasty: autografts (harvested from the same patient),
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homologous grafts (harvested from cadavers), alloplasts (man-
ufactured from synthetic or semisynthetic materials), and xe-
nografts (derived from another species) [4]. Currently, the first
choice for nasal implants is autograft harvested from auricular
cartilage, nasal septum, or rib cartilage. The nasal framework is
made of hyaline cartilage, which provides more rigid yet elastic
support than elastic cartilage [21]. The auricular cartilage is less
used for dorsal augmentation not only because of its elastic
phenotype but also its natural curvature and warping tendency
over time. The septal cartilage is hyaline cartilage and has a
straight form [22]. However, significant dorsal augmentation
with septal cartilage is often limited by lack of availability. The
autologous rib cartilage has relatively abundant availability [23],
is easy to carve, and provides good support due to its hyaline
phenotype. Thus, it is used as the first choice for dorsal aug-
mentation [24].

However, in addition to warping and progressive calcification,
potential morbidity at the donor site is the main disadvantage
of autologous rib cartilage. To overcome this, homologous rib
cartilage was introduced as a substitute. In a meta-analysis,
there was no difference between autologous and homologous
rib cartilage grafts in terms of warping, resorption, infection,
contour irregularity, or revisions [25]. Furthermore, in a cost-
utility analysis comparing rhinoplasty using costal cartilage au-
tograft and homologous graft in the United States, the cost of
rhinoplasty without hospitalization was similar [26]. However,
with the complications associated with harvesting rib cartilage,
the cost increased up to $21,099 [26]. This study shows that the
upper limit of cost for rhinoplasty using homologous graft can
be lower than that of rhinoplasty using autologous rib cartilage.
However, the fact that their lower limits are similar sheds light
on the need for a cheaper nasal implant material to be devel-
oped to decrease the lower limit of the cost.

In response to this demand, there have been many studies
testing various xenograft materials for nasal reconstruction and
rhinoplasty, such as porcine dermal collagen [13], equine peri-
cardium [16], porcine small intestine submucosa [15], and bo-
vine [27,28], porcine [29,30], and caprine [31] cartilages. Of the
several xenograft tissues, decellularized cartilage matrix use has
been studied, especially in orthopedic surgery for osteochon-
dral regeneration [32] and plastic surgery for facial reconstruc-
tion [31]. Although the cartilage is speculated to be immuno-
logically privileged because of its limited vascular, lymphatic,
and neural supply, xenografts have the risk of infection and dis-
ease transmission [33,34]. More so, proper processing is needed
to maintain its biochemical properties over time [35]. The
1980s and 1990s, the bovine irradiated glutaraldehyde pre-
served cartilage (Chondroplast) was used for facial reconstruc-
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tion, but it had a high rate of graft loss due to resorption and in-
fection [12].

However, with the development of decellularization and ster-
ilization techniques, some studies have been testing decellular-
ized cartilage xenograft as an implant material for rhinoplasty.
Bhattacharya et al. [31] conducted a human study with decellu-
larized caprine conchal cartilage in nine rhinoplasty and six
microtia patients. Out of 15 patients, infection was observed,
and xenograft was extruded in one patient each. Nonetheless,
the operation time, average blood loss, and postoperative pain
were significantly less in the xenograft group compared to those
in the autograft group. Lin et al. [29] conducted in vitro and in
vivo (rabbit model) experiments with decellularized porcine
costal cartilage xenograft as the nasal implant. The study re-
ported that it showed excellent biocompatibility and biosecuri-
ty. In addition, the imaging and histologic assessment of the re-
trieved xenograft exhibited a low degradation rate and ability to
maintain its morphology. Herein, the efficacy and safety of de-
cellularized equine cartilage for rhinoplasty were assessed and
compared to the outcome of rhinoplasty with silicone implants.
Although autograft is the gold-standard option for nasal im-
plants, alloplastic silicone implant is most commonly used for
dorsal augmentation in Asian rhinoplasty [11]. Hence, it was
used for the control group in this study.

For objective evaluation, the nasofrontal angle and height of
the nasion were measured and compared between the two
groups. According to the position of the implant, the change in
the postoperative nasofrontal angle and height of the nasion
can vary [36,37]. The correction of the low radix is an impor-
tant element of Asian rhinoplasty [37]; hence, both of them sig-
nificantly increased in both groups, and there was no statistical
difference. The statistically significant increase in these postop-
erative measurements reflects the effective dorsal augmentation
of each implant. In this study, the change in nasofrontal angle
and height of the nasion was also tracked 12 months after sur-
gery. It verifies that the dorsal augmentation effect of equine
cartilage and silicone implant remains 1 year after surgery and
reflects that the resorption rate of equine cartilage is not signifi-
cant.

This study has a few limitations. First, though this study
showed significant surgical outcomes and safety, it can be posed
that the result is less convincing due to a small number of co-
horts and a relatively short follow-up period. Second, the ab-
sence of in vitro or in vivo animal studies regarding this study
also comprises a limitation of this study. In addition, though
measurements were taken through photographs before and af-
ter surgery, the lack of imaging study tool such as ultrasound
that allows quantitative comparison is another limitation.
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The ideal nasal implant needs to have abundant availability,
affordable price, favorable efficacy, and safety. In this clinical
study, the processed equine cartilage produced long-lasting re-
sults and high patient satisfaction as a nasal implant material. In
addition, it has the advantage of providing good support be-
cause it is hyaline cartilage. The ease of carving is also an ad-
vantage. Due to the heterogeneity of the patient population,
surgical procedure, and follow-up schedule, the study design
for the head-to-head comparison of complication rate of vari-
ous implant materials has many technical difficulties. Despite
the relatively small patient population, this study showed that
the equine cartilage could be used safely without any unrecov-
erable or serious adverse events. Through the non-inferiority
test, the study also verified that the efficacy of MegaCartilage-E
in rhinoplasty is not inferior to that of silicone implants. How-
ever, though it was not a significant difference, the result that
the malposition of the implant was higher in the study group
than in the control group needs further study.

NOTES

Conlflict of interest

This study was supported by L&C Bio (Suntechcity suite #605,
#606, #607, 474; Seongnam, Korea) by sourcing nasal implants
and funding study process. Jong Woo Choi is an editorial board
member of the journal but was not involved in the peer reviewer
selection, evaluation, or decision process of this article. No other
potential conflicts of interest relevant to this article were reported.

Ethical approval

The study was approved by the Institutional Review Boards of
Kangdong Sacred Heart Hospital (IRB No. 2018-12-001) and
Ulsan University College of Medicine (IRB No. 2019-1162) and
performed in accordance with the principles of the Declaration
of Helsinki. Written informed consent was obtained.

Patient consent
The patient provided written informed consent for the publica-
tion and the use of her images.

ORCID

Yongjoon Chang https://orcid.org/0000-0003-4966-6543
Hyunjong Yun https://orcid.org/0000-0003-2245-6466
Jong Woo Choi https://orcid.org/0000-0001-8047-9821
Joong Min Suh https://orcid.org/0000-0002-3475-0091
Woo Shik Jeong https://orcid.org/0000-0002-5923-0383
Hojin Park https://orcid.org/0000-0001-9809-0558
Min Kyu Kang https://orcid.org/0000-0001-6441-8412

Archives of Craniofacial Surgery

Yongho Shin https://orcid.org/0000-0003-4032-781X
Kuylhee Kim https://orcid.org/0000-0002-4649-024X
Chul Hoon Chung  https://orcid.org/0000-0003-3722-1838
Author contribution

Conceptualization: Jong Woo Choi, Yongho Shin, Chul Hoon
Chung. Data curation: Hyunjong Yun, Jong Woo Choi, Joong
Min Suh. Formal analysis: Chul Hoon Chung. Methodology:
Yongho Shin, Chul Hoon Chung. Project administration: Yong-
joon Chang, Woo Shik Jeong, Min Kyu Kang, Chul Hoon
Chung. Visualization: Chul Hoon Chung. Writing - original
draft: Yongjoon Chang, Hyunjong Yun, Jong Woo Choi, Joong
Min Suh, Woo Shik Jeong, Hojin Park, Min Kyu Kang, Kuylhee
Kim. Writing - review & editing: Yongjoon Chang, Hyunjong
Yun, Joong Min Suh, Kuylhee Kim, Chul Hoon Chung. Investi-
gation: Yongjoon Chang, Jong Woo Choi, Woo Shik Jeong, Ho-
jin Park, Min Kyu Kang, Yongho Shin. Supervision: Yongjoon
Chang, Kuylhee Kim, Chul Hoon Chung.

REFERENCES

1. Koh IS, Sun H. A practical approach to nasal reconstruction in
Asian patients. Arch Craniofac Surg 2021;22:268-75.

2. Jang YJ, Alfanta EM. Rhinoplasty in the Asian nose. Facial
Plast Surg Clin North Am 2014;22:357-77.

3. Hwang NH, Han SK, Dhong ES. Adaptive planning and over-
coming pitfalls in Asian rhinoplasty. Arch Aesthetic Plast Surg
2014;20:8-14.

4. Romo T 3rd, Pearson JM. Nasal implants. Facial Plast Surg
Clin North Am 2008;16:123-32.

5. Parker Porter J. Grafts in rhinoplasty: alloplastic vs. autoge-
nous. Arch Otolaryngol Head Neck Surg 2000;126:558-61.

6. Yoon SH, Kim CS, Oh JW, Lee KC. Optimal harvest and effi-
cient use of septal cartilage in rhinoplasty. Arch Craniofac Surg
2021;22:11-6.

7. Lee Y, Choi H. Reconstructive rhinoplasty with costal cartilage
grafting: a case report of relapsing polychondritis. Arch Cra-
niofac Surg 2019;20:341-4.

8. Kim JH, Song JW, Park SW, Oh WS, Lee JH. 10th rib cartilage:
another option of the costal cartilage graft for rhinoplasty. Arch
Aesthetic Plast Surg 2015;21:47-53.

9. Rohrich RJ, Dayan E, Durand PD, Brito I, Gronet E. Warping
characteristics of rib allograft cartilage. Plast Reconstr Surg
2020;146:37e-42e.

10. Balaji SM. Costal cartilage nasal augmentation rhinoplasty:
study on warping. Ann Maxillofac Surg 2013;3:20-4.

11. Kim IS. Augmentation rhinoplasty using silicone implants. Fa-
cial Plast Surg Clin North Am 2018;26:285-93.

161


https://doi.org/10.7181/acfs.2021.00465
https://doi.org/10.7181/acfs.2021.00465
https://doi.org/10.1016/j.fsc.2014.04.001
https://doi.org/10.1016/j.fsc.2014.04.001
https://doi.org/10.14730/aaps.2014.20.1.8
https://doi.org/10.14730/aaps.2014.20.1.8
https://doi.org/10.14730/aaps.2014.20.1.8
https://doi.org/10.1016/j.fsc.2007.09.004
https://doi.org/10.1016/j.fsc.2007.09.004
https://doi.org/10.1001/archotol.126.4.558
https://doi.org/10.1001/archotol.126.4.558
https://doi.org/10.7181/acfs.2020.00486
https://doi.org/10.7181/acfs.2020.00486
https://doi.org/10.7181/acfs.2020.00486
https://doi.org/10.7181/acfs.2019.00437
https://doi.org/10.7181/acfs.2019.00437
https://doi.org/10.7181/acfs.2019.00437
https://doi.org/10.14730/aaps.2015.21.2.47
https://doi.org/10.14730/aaps.2015.21.2.47
https://doi.org/10.14730/aaps.2015.21.2.47
https://doi.org/10.1097/PRS.0000000000006896
https://doi.org/10.1097/PRS.0000000000006896
https://doi.org/10.1097/PRS.0000000000006896
https://pubmed.ncbi.nlm.nih.gov/23662254/
https://pubmed.ncbi.nlm.nih.gov/23662254/
https://doi.org/10.1016/j.fsc.2018.03.003
https://doi.org/10.1016/j.fsc.2018.03.003

Chang Y et al.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Equine cartilage xenograft for rhinoplasty

Kangesu L, Goodacre TE, Stanley PR. Survival of irradiated
glutaraldehyde preserved bovine cartilage in nasal reconstruc-
tion: a retrospective study. Br ] Plast Surg 1991;44:483-5.

Lo S, Kenway B, Hosni A. Acellular porcine dermal collagen
implant in saddle nose deformity. Plast Reconstr Surg 2011;
128:82e-84e.

Das P, Singh YP, Joardar SN, Biswas BK, Bhattacharya R, Nan-
di SK, et al. Decellularized caprine conchal cartilage toward re-
pair and regeneration of damaged cartilage. ACS Appl Bio Ma-
ter 2019;2:2037-49.

Velasquez N, Huang Z, Humphreys IM, Nayak JV. Inferior tur-
binate reconstruction using porcine small intestine submuco-
sal xenograft demonstrates improved quality of life outcomes
in patients with empty nose syndrome. Int Forum Allergy Rhi-
nol 2015;5:1077-81.

Marianetti TM, Grussu E, Cervelli D, Gasparini G, Pelo S.
Equine pericardium membrane to prevent dorsal irregularities
in rhinoplasty. Ann Plast Surg 2014;73:128-30.

Alsarraf R. Outcomes research in facial plastic surgery: a re-
view and new directions. Aesthetic Plast Surg 2000;24:192-7.
Jeong JY, Ha Y, Kim S, Yang HJ, Oh SH. Availability and safety
of osteotomy in esthetic rhinoplasty of East Asian patients.
Ann Plast Surg 2018;81:141-5.

Sena Esteves S, Goncalves Ferreira M, Carvalho Almeida J,
Abrunhosa J, Almeida E Sousa C. Evaluation of aesthetic and
functional outcomes in rhinoplasty surgery: a prospective
study. Braz ] Otorhinolaryngol 2017;83:552-7.

D’Agostino RB Sr, Massaro JM, Sullivan LM. Non-inferiority
trials: design concepts and issues: the encounters of academic
consultants in statistics. Stat Med 2003;22:169-86.
Ortiz-Monasterio E Olmedo A, Oscoy LO. The use of cartilage
grafts in primary aesthetic rhinoplasty. Plast Reconstr Surg
1981;67:597-605.

Kim TK, Jeong JY. Surgical anatomy for Asian rhinoplasty:
part II. Arch Craniofac Surg 2020;21:143-55.

Gunter JP, Cochran CS, Marin VP. Dorsal augmentation with
autogenous rib cartilage. Semin Plast Surg 2008;22:74-89.
Gunter JP, Clark CP, Friedman RM. Internal stabilization of
autogenous rib cartilage grafts in rhinoplasty: a barrier to carti-
lage warping. Plast Reconstr Surg 1997;100:161-9.

Vila PM, Jeanpierre LM, Rizzi CJ, Yaeger LH, Chi J]. Compari-
son of autologous vs homologous costal cartilage grafts in dor-
sal augmentation rhinoplasty: a systematic review and meta-
analysis. JAMA Otolaryngol Head Neck Surg 2020;146:347-54.

162

26.

27.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

Archives of Craniofacial Surgery

Starr NC, Creel L, Harryman C, Gupta N. Cost utility analysis
of costal cartilage autografts and human cadaveric allografts in
rhinoplasty. Ann Otol Rhinol Laryngol 2022;131:1123-9.
Ferrante B, Biessy R, Ducroz V, Gzaiel D, Leyder P. Correction
of nose deviations using latero-septal grafts from irradiated
bovine cartilage. Ann Chir Plast Esthet 1993;38:555-60.

Demir CI, Yasar EK, Davun K, Gok A, Uzun C, Alagoz MS.
Creation of experimental human nose model with lyophilized
and decellularized bovine cartilage xenogratt. ] Craniofac Surg
2018;29:1097-100.

Lin S, He Y, Tao M, Wang A, Ao Q. Fabrication and evaluation
of an optimized xenogenic decellularized costal cartilage graft:
preclinical studies of a novel biocompatible prosthesis for rhi-
noplasty. Regen Biomater 2021;8:rbab052.

von Bomhard A, Elsaesser A, Riepl R, Pippich K, Faust J,
Schwarz S, et al. Cartilage regeneration using decellularized
cartilage matrix: long-term comparison of subcutaneous and
intranasal placement in a rabbit model. ] Craniomaxillofac
Surg 2019;47:682-94.

Bhattacharya R, Das P, Joardar SN, Biswas BK, Batabyal S, Das
PK, et al. Novel decellularized animal conchal cartilage graft
for application in human patient. ] Tissue Eng Regen Med
2019;13:46-57.

Benders KE, van Weeren PR, Badylak SE Saris DB, Dhert W],
Malda J. Extracellular matrix scaffolds for cartilage and bone
regeneration. Trends Biotechnol 2013;31:169-76.

Stone KR, Walgenbach AW, Abrams JT, Nelson J, Gillett N,
Galili U. Porcine and bovine cartilage transplants in cynomol-
gus monkey: I. A model for chronic xenograft rejection. Trans-
plantation 1997;63:640-5.

Schwarz S, Koerber L, Elsaesser AF, Goldberg-Bockhorn E,
Seitz AM, Durselen L, et al. Decellularized cartilage matrix as a
novel biomatrix for cartilage tissue-engineering applications.
Tissue Eng Part A 2012;18:2195-209.

Oungoulian SR, Hehir KE, Zhu K, Willis CE, Marinescu AG,
Merali N, et al. Effect of glutaraldehyde fixation on the fric-
tional response of immature bovine articular cartilage explants.
J Biomech 2014;47:694-701.

Wang JH, Jang Y], Park SK, Lee BJ. Measurement of aesthetic
proportions in the profile view of Koreans. Ann Plast Surg
2009;62:109-13.

Zelken JA, Hong JP, Broyles JM, Hsiao YC. Preventing elevated
radix deformity in Asian rhinoplasty with a chimeric dorsal-
glabellar construct. Aesthet Surg ] 2016;36:287-96.


https://doi.org/10.1016/0007-1226(91)90002-2
https://doi.org/10.1097/PRS.0b013e31821ef15f
https://doi.org/10.1097/PRS.0b013e31821ef15f
https://doi.org/10.1097/PRS.0b013e31821ef15f
https://doi.org/10.1021/acsabm.9b00078
https://doi.org/10.1021/acsabm.9b00078
https://doi.org/10.1021/acsabm.9b00078
https://doi.org/10.1021/acsabm.9b00078
https://doi.org/10.1002/alr.21633
https://doi.org/10.1002/alr.21633
https://doi.org/10.1002/alr.21633
https://doi.org/10.1002/alr.21633
https://doi.org/10.1002/alr.21633
https://doi.org/10.1097/SAP.0b013e31827100fa
https://doi.org/10.1097/SAP.0b013e31827100fa
https://doi.org/10.1097/SAP.0b013e31827100fa
https://doi.org/10.1007/s002660010031
https://doi.org/10.1007/s002660010031
https://doi.org/10.1097/SAP.0000000000001472
https://doi.org/10.1097/SAP.0000000000001472
https://doi.org/10.1097/SAP.0000000000001472
https://doi.org/10.1016/j.bjorl.2016.06.010
https://doi.org/10.1016/j.bjorl.2016.06.010
https://doi.org/10.1016/j.bjorl.2016.06.010
https://doi.org/10.1016/j.bjorl.2016.06.010
https://doi.org/10.1002/sim.1425
https://doi.org/10.1002/sim.1425
https://doi.org/10.1002/sim.1425
https://doi.org/10.1097/00006534-198105000-00003
https://doi.org/10.1097/00006534-198105000-00003
https://doi.org/10.1097/00006534-198105000-00003
https://doi.org/10.7181/acfs.2020.00234
https://doi.org/10.7181/acfs.2020.00234
https://doi.org/10.1055/s-2008-1063567
https://doi.org/10.1055/s-2008-1063567
https://doi.org/10.1097/00006534-199707000-00026
https://doi.org/10.1097/00006534-199707000-00026
https://doi.org/10.1097/00006534-199707000-00026
https://doi.org/10.1001/jamaoto.2019.4787
https://doi.org/10.1001/jamaoto.2019.4787
https://doi.org/10.1001/jamaoto.2019.4787
https://doi.org/10.1001/jamaoto.2019.4787
https://doi.org/10.1177/00034894211058115
https://doi.org/10.1177/00034894211058115
https://doi.org/10.1177/00034894211058115
https://pubmed.ncbi.nlm.nih.gov/7944230/
https://pubmed.ncbi.nlm.nih.gov/7944230/
https://pubmed.ncbi.nlm.nih.gov/7944230/
https://doi.org/10.1097/SCS.0000000000004546
https://doi.org/10.1097/SCS.0000000000004546
https://doi.org/10.1097/SCS.0000000000004546
https://doi.org/10.1097/SCS.0000000000004546
https://doi.org/10.1093/rb/rbab052
https://doi.org/10.1093/rb/rbab052
https://doi.org/10.1093/rb/rbab052
https://doi.org/10.1093/rb/rbab052
https://doi.org/10.1016/j.jcms.2019.01.010
https://doi.org/10.1016/j.jcms.2019.01.010
https://doi.org/10.1016/j.jcms.2019.01.010
https://doi.org/10.1016/j.jcms.2019.01.010
https://doi.org/10.1016/j.jcms.2019.01.010
https://doi.org/10.1002/term.2767
https://doi.org/10.1002/term.2767
https://doi.org/10.1002/term.2767
https://doi.org/10.1002/term.2767
https://doi.org/10.1016/j.tibtech.2012.12.004
https://doi.org/10.1016/j.tibtech.2012.12.004
https://doi.org/10.1016/j.tibtech.2012.12.004
https://doi.org/10.1097/00007890-199703150-00005
https://doi.org/10.1097/00007890-199703150-00005
https://doi.org/10.1097/00007890-199703150-00005
https://doi.org/10.1097/00007890-199703150-00005
https://doi.org/10.1089/ten.TEA.2011.0705
https://doi.org/10.1089/ten.TEA.2011.0705
https://doi.org/10.1089/ten.TEA.2011.0705
https://doi.org/10.1089/ten.TEA.2011.0705
https://doi.org/10.1016/j.jbiomech.2013.11.043
https://doi.org/10.1016/j.jbiomech.2013.11.043
https://doi.org/10.1016/j.jbiomech.2013.11.043
https://doi.org/10.1016/j.jbiomech.2013.11.043
https://doi.org/10.1097/SAP.0b013e31817e2c87
https://doi.org/10.1097/SAP.0b013e31817e2c87
https://doi.org/10.1097/SAP.0b013e31817e2c87
https://doi.org/10.1093/asj/sjv218
https://doi.org/10.1093/asj/sjv218
https://doi.org/10.1093/asj/sjv218

