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Abstract
Background The purpose of this study was to analysis the nostril symmetry and nasal stability following secondary 
rhinoplasty performed with either nasal septal cartilage implantation (G1) or simple alar cartilage suspension and 
internal fixation (G2) in patients with unilateral secondary cleft nasal deformity.

Methods Nostril and alar symmetry were analyzed retrospectively in 13 consecutive patients in G1 and 17 in G2. 
Assessment of three indexes was first performed using photogrammetric measurements of photographs at pre-
operation(T1), 7 days after repair (T2), and at least 6 months after repair (T3). The ratio of the cleft side to the noncleft 
side for nostril width, nostril height and alar height were used to assess symmetry. Changes in the mean ratios of the 
cleft side to the noncleft side at three different time points for three parameters were used to assess stability.

Results In both groups, the alar height was improved after operation and remained stable in the follow-up period. 
The nostril width significantly decreased in G1 and G2, remaining consistent in the follow-up for G1 but increasing 
in G2. The nostril height significantly increased in G1 and stabilized during the follow-up, while it decreased after 
operation and remained so throughout the follow-up for G2.

Conclusion Both techniques can maintain stability more than six months after surgery, except for the nostril 
width with simple alar cartilage suspension and internal fixation technique. The nasal septal cartilage implantation 
technique may have advantages in improving the nasal symmetry of the nostril width and height.
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Introduction
Secondary nasal deformity after cleft lip primary repair 
remains one of the most challenging problems for plas-
tic surgeons in rhinoplasty. Numerous techniques for 
correcting this issue have been described including the 
combination of open rhinoplasty with the Dibbell and 
Tajima techniques, which was first introduced by Court 
B. Cutting [1]. Open approach combining reverse U inci-
sion, septal extension graft could result in the nose of the 
patients with cleft lip nasal deformity being closer to that 
of the normative profile [2].

During surgical correction, traction forces generated 
by sutures could well restore the position of the cartilage 
and thus the normal contour of the nose [3]. Huang han-
yao et al. also used the biomechanical analyses to verify 
the fixation with suture at the medial crus might be an 
efficient method in restoring the nasal symmetry [4]. 
However, Chong Kun et al. surveyed the satisfaction rate 
of several suture fixation techniques without any graft 
or implantation with septo-turbinoplasty, the worst was 
based on the nostril symmetry [5]. In addition, Araco 
et al. assessed whether patients were satisfaction with 
4 kinds of autogenous cartilage implantation (auricu-
lar cartilage graft, septal cartilage graft, costal cartilage 
graft, composite graft), and found that most patients with 
auricular or septal cartilage grafts were highly satisfied 
[6].Therefore, combining cartilage transplantation has 
been designed to improve surgical outcomes in second-
ary rhinoplasty of cleft patients, but the risks of absorp-
tion also exist [7].

Despite the pros and cons, the objective of this study 
was to analyze the efficacy and stability of nostril and alar 
symmetry following secondary rhinoplasty done with 
either nasal septal cartilage implantation or simple alar 
cartilage suspension and internal fixation in patients with 
unilateral cleft nasal deformity.

Materials and methods
Patients
A retrospective study was conducted on patients with 
unilateral cleft nasal deformity between 2017 and 2020 
at West China Hospital of Stomatology. Patients eligible 
for inclusion in the study were non-syndromic com-
plete cleft lip and palate (CLP) patients who underwent 
a combined Dibbell/Tajima open rhinoplasty with or 
without cartilage transplantation and had a follow-up of 
greater than 6 months. A total of 30 patients were identi-
fied for the study by these selection criteria. None of the 
patients underwent secondary repair of nasolabial region 
or presurgical nasoalveolar molding. Also it was ethi-
cally approved from the institutional ethics committee 
at the West China School of Stomatology, Sichuan Uni-
versity (No: WCHSIRB-ST-2016-164), and has been con-
ducted in accordance to the guidelines of the declaration 

of Helsinki. Written informed consent was taken from 
each participant or parents/legal guardians for pediatric 
patients for publication of the data and accompanying 
images.

Surgical techniques
After fully explaining the condition and the two surgi-
cal methods, patients ultimately chose either nasal septal 
cartilage implantation or simple alar cartilage suspension 
and internal fixation through preoperative informed con-
sent. All surgeries were performed by experienced sur-
geons under general anesthesia.

Both techniques used the modified Tajima method, 
commencing with a reverse-U incision. The nasal skin 
and mucosa were thoroughly undermined around the 
affected nasal cartilages. The connecting ligament 
between the lower lateral cartilage and the upper lateral 
cartilage was delicately dissected and released.

In nasal septal cartilage implantation, the septum was 
exposed and dissected, leaving a L-strut of at least 1-cm 
caudal and 1.5-cm dorsal cartilage to provide structural 
support for the nose [8]. The obtained septal cartilage 
was then converted into long strips as needed, with the 
length and width tailored to each patient’s degree of 
deformity (Fig.  1). One end of the nasal septal cartilage 
was inserted between the two medial crura of the bilat-
eral alar cartilage to support the tip and extend the nasal 
columella. The other end was inserted along the arc of 
the alar cartilage on the cleft side, extending as far as pos-
sible along the lateral crura of the alar cartilage to ele-
vate the ala and correct the alar collapse deformity. The 
medial and lateral crura of nasal alar cartilage and septal 
cartilage were fixed with sutures (Fig. 2).

In simple alar cartilage suspension and internal fixa-
tion, the lateral crura of the nasal alar cartilage was 
anchored to the upper lateral cartilage, while the medial 
crura was sutured to the contralateral side with 5 − 0 
nylon to achieve symmetrical elevation (Fig. 3).

Data acquisition
Basal photographic views and indirect anthropomet-
ric measurement tools were used for analysis. Standard 
photographs were taken pre-operation (T1), 7 days after 
repair (T2) and at least 6 months after repair (T3) with a 
Nikon Coolpix 950 digital camera (Nikon Corp., Tokyo, 
Japan) and cropped to contain only the eyes, nose, and 
lips to avoid possible bias caused by background and 
irrelevant facial features according to the Farkas princi-
ple [9–11]. Indirect anthropometric measurements were 
taken by the same technician once a week, for a total 
of three times, on the digital photographs processed by 
AutoCAD 2021 Software, including nostril width, nostril 
height and alar height of the cleft side and the noncleft 
side (Fig. 4; Table 1). To control for measurement error, 
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27 out of 90 photos were randomly selected for mea-
surement and intra-group correlation coefficient (ICC) 
analysis prior to the official measurements. The survey 
technician was blinded to the surgical groups. The aver-
age values of each parameter were used for analysis. To 
avoid bias caused by irrelevant facial features and differ-
ent sizes of photographs, all the data are presented as the 
ratio of the cleft side to the noncleft side.

Statistical analysis
All the statistical analyses were performed using 
SPSS22.0 statistical software. The values on the cleft 

side were divided by the those on the noncleft side. A 
ratio of 1 indicated perfect symmetry, and any deviation 
from 1 represented asymmetry. The changes of symme-
try and differences between the two groups were evalu-
ated by paired t tests, and the nasal stability was tested 
by repeated-measures ANOVA based on the change 
in the mean ratio of the cleft side to the noncleft side 
at three different time points. Only P values < 0.05 indi-
cated significant differences, suggesting changes within 
and between groups. In addition, P values < 0.05 at T1-T2 
indicated that the operation was effective, and P val-
ues > 0.05 at T2-T3 indicated that the operative outcome 

Fig. 1 (a) Preoperative nasal morphology. (b) Dissecting the alar and septal cartilage. (c & d) Acquired nasal septum cartilage. (e) Cartilage grafts were 
trimmed and connected for elevating ala. (f) The basal view after septal cartilage implantation
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was stable. The reliability of all the results was guaranteed 
by the ICC testing of random sampling.

Results
Demographic data and intra-class correlation coefficient 
(ICC)
The study included 30 consecutive patients, with ages 
ranging from 13 to 31 years and an average age of 21 

years at the time of surgery. Thirteen males and 17 
females were enrolled in two groups, with 13 undergoing 
nasal septal cartilage implantation (G1) and the others 
undergoing simple alar cartilage suspension and internal 
fixation (G2).Twenty-one patients had a left-sided cleft, 
whereas 9 patients had a right-sided cleft. The demo-
graphic data for each group are presented in Table 2.

Fig. 2 (a) Illustration of the reverse-U incision. (b & c) Illustration depicts the placement of sutures on medial and lateral crura of nasal alar cartilage and 
septal cartilage from a basal (b) and frontal view(c). (d, e & f) Patient underwent nasal septal cartilage implantation (G1) preoperative (T1), 7 days post-
operative (T2) and follow up (T3), respectively
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All three measurements were subjected to ICC test-
ing, and the results showed all ICC values were greater 
than 0.8 (Table  3), indicating the reliability of the 
measurements.

Operative effect
It was showed in Table 4 that there was no significant dif-
ference in any of the three parameters of preoperative 
deformity (T1) between G1 and G2 (P = 0.09, P = 0.64, 
P = 0.11, respectively). The alar height of cleft side 

showed significant improvement in both groups after 
surgery (P < 0.001 for G1, P = 0.003 for G2), with no dis-
cernible difference observed between the two groups at 
T2 (P = 0.70). Additionally, both groups exhibited sub-
stantial enhancement in nostril width symmetry at T2 
(P = 0.01 for G1, P < 0.001 for G2), with no significant 
disparity noted between the two groups (P = 0.08). Nota-
bly, the nostril height of G1 was elevated (P = 0.001) but 
decreased in G2 (P = 0.04), resulting a significant differ-
ence between the two groups at T2 (P = 0.001).

Fig. 3 (a) Illustration of the reverse-U incision. (b) Illustration depicts the placement of sutures on medial and lateral crura of nasal alar cartilage from a 
basal view. (c). Illustration depicts the placement of sutures on lower and upper lateral cartilage from frontal view. (d, e & f) Patient underwent simple alar 
cartilage suspension and internal fixation (G2) preoperative (T1), 7 days post-operative (T2) and follow up (T3), respectively
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Operative effect and stability
As shown in Table 4, there was no significant discrepancy 
in growth rates between cleft and noncleft sides in both 
groups except for the nostril width in G2.

The alar height on the cleft side in G2 exhibited a mean 
difference of 5% lower post-surgery (T2), which sub-
sequently worsened to 7% lower at T3 (P = 0.30). This is 
slightly better than G1, which exhibited 6% lower at T2 
and deteriorated to 9% at T3 (P = 0.06). However, there 
was no significant difference between the two groups 
(P = 0.22).

The nostril width on the cleft side in G1 exhibited a 6% 
increase than the noncleft side at T2, but decreased to a 
3% at T3 (P = 0.08). In contrast, G2 showed a change from 
being 10% narrower at T2 to 6% wider at T3, with signifi-
cant alteration during follow-up (P = 0.002) although no 
difference was found between G1 and G2 at T3 (P = 0.60).

The nostril height displayed no discernible change in 
either group from T2 to T3. At T2, the nostril height on 
the cleft side in G1 was 3% higher compared to the other 
side and 20% lower in G2. Nevertheless, it decreased to 
6% shorter at T3 for G1 while increased to 15% lower for 
G2 (P = 0.15, P = 0.11, respectively); ultimately presenting 
no significant difference between groups at T3 (P = 0.42).

Discussion
Although primary rhinoplasty can correct nose deformity 
to a certain extent, it is mainly focused on improving the 
morphology of the lower third of the nose. However, 
secondary nasal deformity presents a completely differ-
ent challenge for secondary rhinoplasty, for example, an 
inferiorly and medially rotated lower lateral cartilage and 

Table 1 Description of the measurements
Aspects Description
Alar height the vertical line from the midpoint of the curve from

root to tip of one side to the base of the nose
Nostril width perpendicular line forming the narrowest part of 

the columella to the lateral wall of the ala
Nostril height perpendicular line forming the highest part of the 

nostril sill to the base of the nostril

Table 2 Demographic data
Data from study patient G1 (n = 13) G2 (n = 17) Total
Male (%) 4 (30.77%) 9(69.23%) 13(43.33%)
Famale (%) 9 (52.94%) 8(47.06%) 17(56.67%)
Right side (%) 3 (33.33%) 6(66.67%) 9(30.00%)
Left side (%) 10(47.62%) 11(52.38%) 21(60.00)
Mean Age(years) 19.46 ± 5.08 21.35 ± 5.04 20.53 ± 5.06

Table 3 ICC of the measurements
Index ICC P
Alar height 0.994 (P = 0.000)
Nostril width 0.999 (P = 0.000)
Nostril height 0.998 (P = 0.000)
Abbreviation: ICC: Intra-class Correlation Coefficient

P values < 0.05 are marked in Bold

Fig. 4 the nostril width (Lines A&B), the nostril height (lines C&D) and the alar height (lines E & F) of the cleft side and the noncleft side
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lateralized alar base. As suggested by previous studies, 
the secondary deformity is a result of the baseline con-
genital deformity subjected to secondary scarring from 
prior iatrogenic interventions and deformational changes 
imparted through craniofacial growth [11–13].

The issue of whether secondary cleft lip nasal deformity 
existing in the cartilage stunting is still controversial and 
warrants further investigation. Park et al. and Kim et al. 
concluded that the lateral crus and the medial crus of the 
alar cartilage on the cleft side are not hypoplastic [2, 14]. 
In 35 patients with unilateral cleft nasal deformity inves-
tigated in Park’s study, the width of the lateral crus of the 
alar cartilage was significantly greater on the cleft side 
than on the noncleft side, but the difference in the thick-
ness and length of the lateral crus was not significantly 
different between the cleft and noncleft sides. Therefore, 
cartilage grafting might be an unnecessary and simple 
alar cartilage suspension and internal fixation between 
the LLC and ULC should be a valid method.

According to the results nasal septal cartilage trans-
plantation might be more effective in achieving sym-
metry of the nostril, and the outcomes remained stable 
during follow-up period. Both techniques effectively 
reduced the nostril width (P = 0.01 for G1, P < 0.001 for 
G2) on the cleft side after surgery, but G2 (P = 0.002) 
experienced a reoccurrence while G1 remained stable 
(P = 0.08). There was no statistical difference between 
two groups in postoperative appearance. Discrepancies 
in nostril height between the two groups were evidenced 
at T2 (P = 0.001), but no significant difference was found 
at T3 (P = 0.42). In general, the immediate postoperative 
outcome of cartilage transplantation is superior to that 
of simple alar cartilage suspension and internal fixation, 
but over time, the statistical difference in effectiveness 
between the two groups becomes insignificant.

In the present study, septal cartilage as the grafting 
was used for correcting nasal deformity and a promising 
immediate postoperative outcome of quantitative mea-
surements of nostril width, nostril height and alar height 
were achieved. Removing the deflected nasal septum 
into the nasal columella may provide better support and 
retention to the nasal tip and ala than other techniques. 
This study revealed that nasal septal cartilage implanta-
tion improved the symmetry of nostril height and width, 
and enhanced the stability as well, but the symmetry of 
the alar height was not significantly satisfied. A possible 
explanation for this might be that the aim of the surgical 
methods performed was more concerned with the sup-
port of the nostril rather than the ala. The limited size of 
the obtained septal cartilage may also be the factor.

New wounds at the donor site of the auricular or costal 
cartilage were unacceptable for some patients. Patients 
with unilateral cleft lip and palate mostly present a 
deviated nasal septum to the cleft side resulting in vari-
ous degrees of nasal obstruction and deviation of nasal 
dorsum [15], which was verified during the operation. 
Obtained septal cartilage from the same surgical inci-
sion also could adjust the deviation and improve airway 
patency as H. L. Nguyen confirmed [16]. Moreover, the 
absorption and infection of nasal septum cartilage grafts 
have rarely been reported in the clinical setting (17–18). 
Almost no complications were recorded after surgery. 
There were no cases of infection, or cartilage loss.

This paper specifically focuses on the change of nos-
tril, without addressing the overall change of nasal 
appearance. It is acknowledged that the depression of 
the nasal base can impact the overall height of the nasal 
wing. However, based on the data, it is evident that 
both methods are effective in improving alar height and 
nasal height. A subsequent study will further explore the 
impact of nasal base depression, including the structural 

Table 4 Preoperative、immediately postoperative and follow-up photographic analysis
Mean ratio
[95%CI]

Group T1 T2 (T2-T1)
t(P)

T3 (T3-T2)
t(P)

F(P)

Alar height G1 0.85[0.82, 0.89] 0.94[0.90, 0.97] 5.32(<0.001) 0.91[0.88, 0.94] 2.05(0.06) 1.595(0.22)
G2 0.90[0.87, 0.93] 0.95[0.91, 0.98] 3.51(0.003) 0.93[0.90, 0.96] 1.07(0.30)
t(P) 1.83(0.09) 0.39(0.70) 1.01(0.33)

Nostril width G1 1.25[1.06, 1.43] 1.06[0.87, 1.25] 3.33(0.01) 0.97[0.80, 1.15] 1.89(0.08) 6.91(0.002)
G2 1.20[1.09, 1.31] 0.90[0.82, 0.98] 6.73(< 0.001) 1.06[0.97, 1.14] 3.68(0.002)
t(P) 0.48(0.64) 1.84(0.08) 0.53(0.60)

Nostril height G1 0.75[0.63, 0.87] 1.03[0.94, 1.13] 4.29(0.001) 0.94[0.81, 1.07] 1.56(0.15) 14.53(< 0.001)
G2 0.85[0.79, 0.92] 0.80[0.69, 0.90] 2.18(0.04) 0.85[0.78, 0.93] 1.72(0.11)
t(P) 1.68(0.11) 3.54(0.001) 0.82(0.42)

Abbreviation: Mean ratio: cleft/non-cleft; 95%CI: 95% confidence interval

T1, pre-operation; T2, 7 days after repair; T3, at least 6 months after repair

G1: Nasal septal cartilage implantation; G2: Simple alar cartilage suspension and internal fixation

t: t-value >2 are marked in Bold

P values < 0.05 are marked in Bold

F: The value of intergroup effect
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integrity of the nasal base bone and the constructive 
techniques for addressing nasal base issues.

There are some limitations to this study. First, this was 
a retrospective study that included only 30 consecutive 
patients. Increasing the sample size and the measured 
parameters is needed for further research. Second, clini-
cally, there is a slight difference in bilateral nostril height 
before surgery, surgeons tend to choose suspension tech-
nique, which is easier to grasp and cost-saving. Lastly, 
Different from the primary rhinoplasty, the second rhi-
noplasty will pay more attention to aesthetics, so patient 
satisfaction is an important evaluation index of plastic 
surgery. In the study, some patients were less than 5 years 
after surgery and we will conduct a more in-depth study 
on this indicator in the future.

Conclusion
In summary, these two surgical methods can improve the 
symmetry of some aspects. Despite the data show that 
the implantation of nasal septum cartilage had an advan-
tage over simple internal fixation of the alar cartilage for 
improving nasal symmetry in patients with secondary 
unilateral cleft lip nasal deformities, a longer-term longi-
tudinal research is still required to evaluate the influence 
of two methods on nasal profile. The authors considered 
that regardless of whether the alar cartilage has develop-
mental deficiencies, reconstruction with nasal septum 
grafts can provide better support and reduce recurrence 
compared to simple internal fixation.
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