
	 www.PRSGlobalOpen.com	 1

Disclosure: The authors have no financial interest to declare 
in relation to the content of this article. 

Pediatric/Craniofacial

From the *Department of Plastic and Reconstructive Surgery, Keio 
University School of Medicine, Tokyo, Japan; and †Miyamoto 
Plastic and Reconstructive Surgery Hospital, Hiroshima, Japan.
Received for publication December 8, 2020; accepted February 14, 
2021.
Copyright © 2021 The Authors. Published by Wolters Kluwer Health, 
Inc. on behalf of The American Society of Plastic Surgeons. This 
is an open-access article distributed under the terms of the Creative 
Commons Attribution-Non Commercial-No Derivatives License 4.0 
(CCBY-NC-ND), where it is permissible to download and share the 
work provided it is properly cited. The work cannot be changed in 
any way or used commercially without permission from the journal.
DOI: 10.1097/GOX.0000000000003523

INTRODUCTION
Various methods for cleft lip repair have been 

reported, and the principle of every method is a design 
using anatomic landmarks.1–7 Depending on the opera-
tive procedure and the severity of the cleft lip deformity, 
immediately after cleft lip closure, the nostril margin and 
lower lateral cartilage on the deformed cleft side collapse 
or present with wavy deformation (Fig.  1). Such defor-
mation improves over time but could remain in the long 
term.

Therefore, lower lateral cartilage dissection is often 
considered the sine qua non of primary cleft rhinoplasty. 

Although previous reports based on observations have 
claimed that nasal correction does not adversely affect 
growth,8,9 a recent cephalometric analysis suggested oth-
erwise.10 Regardless, cleft lip closure that minimizes nasal 
deformity is desirable.

Considering such nasal deformities, lower lateral 
cartilage on the cleft side, which has a nearly flat curve, 
appears to be caused by correcting the alar base in a supe-
rior medial direction. Correcting the alar base on the cleft 
side is decided based on the nostrils’ width by compar-
ing each side. However, taking the anatomical subunit 
approximation method as an example, the landmark to 
decide the nostrils’ width has been described as somewhat 
arbitrary.7

From these findings, we hypothesized that the pre-
operative alar base position on the cleft side could not 
be evaluated correctly. In this study, we preoperatively 
analyzed the position of the alar base to determine its 
true position to obtain a symmetric nose by anthropom-
etry of unilateral cleft lip patients and age-matched 
controls.
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Background: It is generally accepted that the alar base on the cleft side in the cleft 
lip nose is displaced outward and downward; therefore, it is rotated inward and 
upward in almost all procedures for cleft lip closure. However, nostril narrowing 
and collapse of the lower lateral cartilage on the cleft side are sometimes experi-
enced. In this retrospective study, we investigated whether the preoperative alar 
base on the cleft side is displaced outward and downward.
Methods: This was a retrospective evaluation using preoperative frontal images 
obtained from patients with unilateral cleft lip (n = 245). The midcolumellar and 
subalare points were placed, and each ratio was analyzed and compared to those 
of age-matched controls (n = 40).
Results: The subalare on the noncleft side and subnasale were displaced upward 
and outward. In contrast, the subalare on the cleft side was displaced downward 
and inward. The displacement of the subalare was greater on the noncleft than 
on the cleft side. There were no significant differences between male and female 
patients and between the left and right sides. Among the complete cleft lip and 
palate, incomplete cleft lip and palate, complete cleft lip and alveolus, incomplete 
cleft lip and alveolus, and microform cleft lip groups, the complete cleft lip and 
palate group showed the greatest displacement.
Conclusion: The cleft alar base appeared to shift outward and downward because 
of an optical illusion, but in fact, both alar bases shifted; the alar base on the cleft 
side was displaced inward and downward, and the alar base on the noncleft side 
was displaced outward and upward. (Plast Reconstr Surg Glob Open 2021;9:e3523; doi: 
10.1097/GOX.0000000000003523; Published online 15 April 2021.)
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PATIENTS AND METHODS

Patients
We retrospectively enrolled patients who underwent 

cleft lip repair from 2005 to 2014. We excluded patients 
with bilateral cleft lip, syndromic diagnosis, and/or inade-
quate photographs. Our study included 245 patients [146 
(59.6%) men and 99 (40.4%) women].

The operative age of primary cleft lip repair was 2–3 
months, and the bodyweight of the patients greater than 
5.0 kg. Preoperatively, no patients were treated with pre-
surgical orthopedics or nasoalveolar molding. This study 
was approved by the Institutional Research Ethics Board 
(approval number, 20190287).

Assessment of Measurement
The measurement was performed using a frontal 

image preoperatively obtained under general anesthe-
sia. An endocanthal line was drawn by connecting the 
right and left inner canthi. The image was then rotated 
in Photoshop (Abode Photoshop 7.0; Adobe, San Jose, 
Calif.) until the horizontal reference line was in a true 
horizontal position. The landmark points are schemati-
cally shown in Figure 2.

The facial midline was considered the line drawn from 
the mid-distance of the endocanthal points, perpendicu-
lar to the endocanthal line, as previously reported.11 The 
midcolumellar point (sn) and subalare points (sbal) were 
placed at the center of the columellar base and at the 
lower limit of each alar base, respectively.11 The height 
between each sbal and the endocanthal line was mea-
sured, and the height between the sn and endocanthal 
line was divided and considered as the vertical ratio. 
The width between the sbal on each side and the facial 
midline divided by the half distance of the endocanthal 
points was considered as the transverse ratio. The distance 

between the sbal on the noncleft side and the sn divided 
by the width between the sbal on the noncleft side and 
the facial midline was considered the sn–transverse ratio. 
The height between the sn and endocanthal line divided 
by the half distance of the endocanthal points was consid-
ered the sn–vertical ratio.

Age-matched Controls
We enrolled, as controls, 2- to 3-month-old patients (24 

men and 16 women) who visited our hospital with cranial 
deformity as the chief complaint and showed no evidence 
of craniosynostosis.

Statistical Analysis
Continuous variables are expressed as the mean and 

SD. The groups were compared using analysis of variance 
(ANOVA) and Student’s t-tests. Bonferroni post-hoc tests 
were performed for multiple comparisons. All tests were 
two-tailed, and statistical significance was defined as a  
P value <0.05. Statistical analyses were performed with 
SPSS version 23.0 (IBM Japan, Ltd., Tokyo, Japan).

RESULTS
The characteristics of the cleft and control groups are 

comparatively presented in Table 1. In the control group, 
the nostril ratio was approximately 1.00, and the vertical 
and transverse ratios were the same on both sides. These 
results suggested that the alar base was symmetric.

The vertical ratio on the cleft side was 1.05 ± 0.05 in 
the cleft group and 1.02 ± 0.02 in the control group, and 
the difference was statistically significant (P < 0.05). In 
contrast, the vertical ratio on the noncleft side was 0.91 ± 
0.15 in the cleft group, and the difference with the control 
group was significant (P < 0.05). The results suggested that 
the noncleft alar base was displaced upward relative to the 
cleft alar base.

Likewise, the transverse ratios on the cleft and non-
cleft sides in the cleft group were 0.49 ± 0.06 and 0.64 ± 
0.08, respectively. Compared with the transverse ratio in 
the control group, which was 0.53 ± 0.03, the difference 
was significant (P < 0.05). These results suggested that the 
subalare in each side was dislocated asymmetrically; the 
noncleft alar base was displaced outward, and the cleft alar 
base was displaced inward.

The sn–transverse ratios in the cleft and control 
groups were 0.29 ± 0.10 and null, respectively, with the dif-
ference being significant (P < 0.05). The sn–vertical ratios 
in the cleft and control groups were 1.81 ± 0.21 and 1.84 
± 0.08, respectively, with the difference being significant 
(P < 0.05). These data suggested that the subnasale in the 
patients with a cleft lip was dislocated upward and outward 
compared to the expected position.

Based on the dislocation of the sn in the patients with 
cleft lip, the vertical and transverse ratios mentioned 
above were corrected. As a result, the corrected vertical 
ratios on the cleft and noncleft sides were 1.04 and 0.90, 
respectively. The corrected transverse ratios on the cleft 
and noncleft sides were 0.49 and 0.63, respectively.

Fig. 1. Immediately after cleft lip closure. Note the nostril margin 
and lower lateral cartilage on the cleft side that have deformed and 
collapsed.
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There were no significant differences between the 
sexes and left and right sides, as shown in Table  2. 
Furthermore, the patients with cleft lip were divided into 
5 groups, including 92 patients with complete cleft lip and 
palate (CLCP), 28 with incomplete CLCP, 33 with com-
plete cleft lip and alveolus, 73 with incomplete cleft lip 
and alveolus, and 19 with microform cleft lip (Fig. 3).

The vertical ratio on the noncleft side was significantly 
lower in all patient groups than in the control group  
(P < 0.05, for all groups). The ratio was the highest in 
the microform group (0.98 ± 0.02) and was significantly 
higher than those in the other groups (P < 0.05, for all 
groups); the ratio was the lowest in the complete CLCP 
group (0.88 ± 0.05) and was significantly lower than those 
in the other groups (P < 0.05, for all groups).

The transverse ratio on the noncleft side was signifi-
cantly higher in all patient groups than in the control 
group (P < 0.05 for all groups). The ratio was the lowest 
in the microform group (0.54 ± 0.01) and was signifi-
cantly lower than those in the other groups (P < 0.05, 
for all groups); the ratio was the highest in the com-
plete CLCP group (0.59 ± 0.05) and was significantly 
higher than those in the other groups (P < 0.05, for all 
groups).

Regarding the vertical ratio on the cleft side, there was 
no significant difference between the control group and 
the incomplete CLA (1.02 ± 0.03) and microform (1.02 ± 
0.02) groups (P = 0.11 and 0.09, respectively). In contrast, 
the differences between the other groups and the control 
group were significant (P < 0.05).

The transverse ratio on the cleft side was significantly 
lower in all patient groups than in the control group  
(P < 0.05 for all groups). The ratio was the lowest in the 
complete CLCP group (0.47 ± 0.03) and was significantly 
lower than those in the other groups (P < 0.05 for all 
groups).

The results of the sn–transverse and sn–vertical 
ratios were similar to those of the transverse and verti-
cal ratios on the noncleft side. These results suggested 
that compared with the control group, the alar base 
on the cleft side was displaced inward and downward; 
conversely, the noncleft alar base was displaced out-
ward and upward. The displacement of the alar base on 

Fig. 2. Schema of the frontal view analysis. Standard anthropometric landmarks included the following: 
endocanthion (en), alar curvature point (ac), and subnasale (sn). The interendocanthion line defined the 
facial midline.

Table 1. Comparison of the Cleft Lip Group and the Control 
Group

 Control (n = 40) Cleft Lip (n = 245) P

Vertical ratio (cleft)
1.02 ± 0.02

1.05 ± 0.05 <0.05
Vertical ratio (noncleft) 0.91 ± 0.15 <0.05
Transverse ratio (cleft) 0.53 ± 0.03 0.49 ± 0.06 <0.05
Transverse ratio (noncleft) 0.64 ± 0.08 <0.05
Sn–transverse ratio 0.00 ± 0.00 0.29 ± 0.10 <0.05
Sn–vertical ratio 1.84 ± 0.08 1.81 ± 0.21 <0.05
Vertical ratio: sbal–endocanthal line/sn–endocanthal line.
Transverse ratio: sbal–facial midline/half of en–en.
Sn–transverse ratio: sn–sbal (noncleft)/sbal (noncleft)–facial midline.
Sn–vertical ratio: sn–endocanthal line/half of en–en.
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the noncleft side was wider than that on the cleft side. 
Additionally, the subnasale was displaced outward and 
upward, resulting in columella deviation. The amount 

of displacement was the highest in complete CLCP. 
This deformity could be confirmed in actual cases  
(Fig. 4).

Table 2. Comparison between Male and Female Patients and between the Left and Right Sides

 Male (n = 146) Female (n = 99) P Left Side (n = 160) Right Side (n = 85) P

Vertical ratio (cleft) 1.05 ± 0.05 1.04 ± 0.05 0.19 1.05 ± 0.05 1.05 ± 0.05 0.70
Vertical ratio (noncleft) 0.90 ± 0.15 0.89 ± 0.13 0.31 0.90 ± 0.15 0.90 ± 0.13 0.83
Transverse ratio (cleft) 0.49 ± 0.05 0.49 ± 0.07 0.13 0.49 ± 0.04 0.49 ± 0.06 0.34
Transverse ratio (noncleft) 0.65 ± 0.08 0.65 ± 0.07 0.16 0.65 ± 0.08 0.65 ± 0.10 0.28
Sn–transverse ratio 0.31 ± 0.11 0.28 ± 0.07 0.07 0.28 ± 0.11 0.30 ± 0.07 0.52
Sn–vertical ratio 1.81 ± 0.12 1.78 ± 0.15 0.09 1.80 ± 0.20 1.80 ± 0.21 0.35
Vertical ratio: sbal–endocanthal line/sn–endocanthal line.
Transverse ratio: sbal–facial midline/half of en–en.
Sn–transverse ratio: sn–sbal (noncleft)/sbal (noncleft)–facial midline.
Sn–vertical ratio: sn–endocanthal line/half of en–en.

Fig. 3. Difference in cleft nasal deformities grouped by cleft type. Based on the endocanthal line and 
facial midline, the sn and sbal were plotted referring to the ratio.
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DISCUSSION
The deformities of the cleft lip nose have been well 

described, and the description of multiple anatomical 
alterations has been completed. Such deformities are 
characterized by the deviation of the columella toward the 
noncleft side, widening of the nasal floor, displacement of 
the alar base on the cleft side outward and downward, and 
flattening of the lower lateral cartilage.12–15

Great effort is presently exerted in primary surgery to 
minimize such deformities and prevent secondary cleft 
lip nose. The common concept of primary cleft lip repair 
and rhinoplasty is to obtain a symmetrical lip and nose by 
design using anatomic landmarks.1–7

According to these landmarks, to shorten the nasal 
floor, rotate the alar base on the cleft side inward and 
upward, the nasal septum cartilage, detached from the 
anterior nasal spine, is moved to the cleft side using colu-
mellar base–alar base cinch stitch. Using this maneuver, 
the deviation of the columella toward the noncleft side 
and the displacement of the cleft alar base outward and 
downward are simultaneously eliminated.

However, both in our cases and in the cases we located 
after extensive literature search regarding the long-term 
outcome of cleft lip repair, the alar base on the cleft side 
was inward almost universally. To formally investigate 
these observations, we hypothesized that the preopera-
tive alar base position on the cleft side could not be evalu-
ated correctly and that the direction of correction would 
be incorrect, and the preoperative alar base position was 
accordingly analyzed.

A similar hypothesis and study were first described in 
1999,16 although it only included 12 patients. Afterward, 
similar results were described based on 102 patients in 
2020, and the authors concluded that the cleft alar base 

was normal in position but retruded, whereas the non-
cleft alar base was displaced laterally.17 Furthermore, 
the cleft alar base was lower than the noncleft alar base. 
Additionally, it was found that the displacement of the 
alar base differed because of the severity of the cleft lip 
and the presence or absence of a cleft palate. Although we 
obtained very similar results, our findings showed that the 
alar base on the cleft side was displaced inward and down-
ward, and the alar base on the noncleft side was displaced 
outward and upward.

This difference may be attributable to the number 
of patients, which was nearly twice that of the previous 
study.17 In addition, it is noteworthy that the subalare may 
be difficult to locate depending on the morphology of 
the nasal alar, such as an incomplete cleft lip.18 However, 
both results provide evidence against the previously held 
notion that the alar base is displaced outward. Namely, for 
a long time, we cleft lip surgeons were repositioning the 
alar base in the opposite direction. We propose that this 
is attributed to optical illusion because the previous study 
proposed the possibility of misjudging the alar base after 
cleft lip repair. According to the literature, the asymme-
try of the nostril outline and a transverse nostril axis were 
linked, and the cleft side alar base looked wider, although 
the cleft side alar base was narrower than the noncleft side 
as measured using anthropometry.19

From the present and recent studies, it is considered 
that it would be preferable not to replace the cleft alar 
base inward. Accordingly, the repositioning of the septum 
to the midline of the face is of greater importance than 
the repositioning of the cleft alar base. By releasing or 
retaining the noncleft nasal floor periosteum,20 the sep-
tum could be expected to be straighter without relapse. 
Moreover, to obtain a symmetrical alar base without apply-
ing excessive force to the cartilage, it is suggested that the 
noncleft and cleft alar bases should be replaced inward 
and downward and outward and upward, respectively. For 
this replacement, additional surgical incision around the 
noncleft alar base should not be performed because it 
would cause unnecessary scarring. Rather, detachment of 
the alar base from the previous cleft incision and fixation 
to the periosteum with a suture may be recommended. 
Overcorrection may be necessary to considering the pos-
sibility of relapse. In the future, a study of long-term out-
comes is necessary to evaluate the effectiveness of this 
technique.

Secondary repositioning of the alar base is difficult; 
otherwise, alar reduction should be performed on the 
noncleft side. Irrespective of the manner revision sur-
gery is attempted for lower lateral cartilage originally 
distorted because of the alar base, the nasal deformity 
will remain.

In conclusion, in this study, we measured cleft lip nasal 
deformity based on the inner canthus instead of the non-
cleft side. As a result, it was found that the alar base on the 
cleft side appeared to shift outward and downward because 
of optical illusion, but in fact, both alar bases shifted; the 
alar base on the cleft side was displaced inward and down-
ward, and the alar base on the noncleft side was displaced 
outward and upward. We hope that this observation will 

Fig. 4. The unilateral complete cleft lip nasal deformity of a rep-
resentative case. The noncleft alar base is displaced outward and 
upward relative to the cleft alar base.
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contribute to devising a new technique that will avoid per-
sistent nasal deformity.
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