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Purpose: To analyze three-dimensional (3D) nasolabial forms and upper lip surface symmetry after
primary lip repair in children with unilateral cleft lip and palate (UCLP).
Methods: Subjects were 22 Japanese children with complete UCLP who underwent primary lip repair
and were followed-up for 4e6 years. The 3D coordinates of facial landmarks and the angle and radius of
the approximate nasal alar circle were calculated. Upper lip surface symmetry was analyzed using his-
togram intersection.
Results: The nasal tip and columella base were slightly dislocated to the cleft side, and the midpoint of
Cupid's bow shifted to the non-cleft side. The nasal alar and the top of Cupid's bow were reconstructed at
the same height, while the approximate nasal alar circle was smaller on the cleft side. The mean value of
similarity for upper lip surface symmetry was 0.82; a subject with a higher value had more symmetrical
contour lines in the visualized surface image.
Conclusions: Postoperative nasolabial forms were almost restored to symmetrical levels, while retaining
a small nasal alar. Histogram intersection is applicable as a method for the quantitative evaluation of
upper lip surface symmetry in UCLP.

© 2018 European Association for Cranio-Maxillo-Facial Surgery. Published by Elsevier Ltd. All rights
reserved.
1. Introduction

The ultimate goal of primary lip repair for patients with unilateral
cleft lip and palate (UCLP) is to reconstruct symmetrical and natural
forms of the lip and nose, and to achieve a smooth upper lip surface
without any conspicuous scars (Nkenke et al., 2006; Chou et al., 2013;
Matsunaga et al., 2016; Mosmuller et al., 2016). Various cleft sur-
geries using a range of skin incision techniques have been reported to
date (Cronin, 1966; Millard, 1976; Fisher, 2005). Despite recent de-
velopments in cleft surgery, postoperative asymmetrical and
deformed nasolabial forms in patients with complete UCLP remain a
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problem (Bugaighis et al., 2010; Okawachi et al., 2011). In order to
reach the goal of cleft lip surgery, it is essential to consider cleft-
related deformity as an important component of the quality of life
outcome for patients with UCLP, so precise measures need to be
taken in order to comprehensively assess the effects of treatments for
CLP (Al-Omari et al., 2005). These results can then be used as feed-
back to guide improvements to surgical procedures for subsequent
cleft lip repair.

Regarding methods of assessing the nasolabial forms of patients
with unilateral and bilateral cleft lip, many direct clinical measure-
ments (Al-Omari et al., 2005), as well as two-dimensional (2D) (Al-
Omari et al., 2005; Nakamura et al., 2009; Berssenbrügge et al.,
2014; Matsunaga et al., 2016) and three-dimensional (3D) evalua-
tions (Nkenke et al., 2006; Bugaighis et al., 2010; He et al., 2010;
Nakamura et al., 2010; Okawachi et al., 2011; Li et al., 2013; Tse
et al., 2014; Wu et al., 2016; Liang et al., 2017) have been reported
to date. Until a decade ago, digital 2D photographs were commonly
examined in morphological analyses (Bugaighis et al., 2010).
Elsevier Ltd. All rights reserved.

mailto:nakamura@dent.kagoshima-u.ac.jp
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jcms.2018.11.035&domain=pdf
www.sciencedirect.com/science/journal/10105182
http://www.jcmfs.com
https://doi.org/10.1016/j.jcms.2018.11.035
https://doi.org/10.1016/j.jcms.2018.11.035
https://doi.org/10.1016/j.jcms.2018.11.035


N. Kimura et al. / Journal of Cranio-Maxillo-Facial Surgery 47 (2019) 245e254246
However, 2D assessments are limited because of the lack of infor-
mation on facial depth and shape (Da Silveira et al., 2003; Knoops
et al., 2017). Li et al. (2013) reported that 2D photography data
were influenced by many factors, including the distance and angle
from which the photograph was taken, so linear and angular mea-
surements using 2D photographs can varymarkedly. Since nasolabial
deformations on patients with CLP are three-dimensional (Campbell
et al., 2010), 3D morphological assessments are needed in order to
evaluate the outcomes of CLP treatments.

More 3D analyses of the facial morphologies of patients with
CLP have been performed in recent years with the development of
3D measuring technology and devices (Nkenke et al., 2006;
Bugaighis et al., 2010; He et al., 2010; Nakamura et al., 2010; Li
et al., 2013; Tse et al., 2014; Wu et al., 2016; Knoops et al., 2017;
Liang et al., 2017). We have performed 3D analyses of the lip and
nose forms of unilateral and bilateral CLP patients who underwent
secondary CLP treatment, using a non-contact laser scanner
(Nakamura et al., 2011; Okawachi et al., 2011). However, for the
assessment of postoperative facial forms of infants or young chil-
dren with UCLP, who had undergone primary lip and nose repair,
we analyzed postoperative lip and nose forms using 2D photog-
raphy (Nakamura et al., 2009; Matsunaga et al., 2016). This was
because it was difficult for the young patients to remain still
enough for scanning of facial forms using a laser scanner.

Advances have been made in image acquisition methods based
on the principle of stereophotogrammetry. With this system, the
image capturing time is very short and, thus, it is useful for taking
images of infants and young children (Al-Omari et al., 2005; He
et al., 2010; Nakamura et al., 2010; Tse et al., 2014; Liang et al.,
2017). In our department, we have adopted the non-invasive Vec-
tra H1® 3D image scanning device (Canfield Scientific, Inc. Amer-
ica), which is a compact and simple handheld device that is able to
rapidly capture facial images in clinical settings. It is thus suitable
for the 3D evaluation of postoperative nasolabial forms in infants
and young children following primary lip repair.

For assessment of the position and the symmetry of nasolabial
forms in patients with CLP, 3D analysis, in which some landmarks
were set, and the positions and linear and angular measurements
were taken using the 3D coordinates of these landmarks, have been
reported (Yamada et al., 2002; Nkenke et al., 2006; Stauber et al.,
2008). However, with evaluation measurements using points, it is
impossible to reflect a complicated 3D form, and evaluation of
symmetry becomesmore localized (Meyer-Marcotty et al., 2010), so
that accurate and global measurements of skin surface forms on the
upper lip may be difficult to achieve.

In this study, in order to analyze 3D nasolabial forms following
primary lip and nose repair in young children with complete UCLP,
3D facial images were captured using the Vectra H1Ⓡ. Facial land-
marks were measured three-dimensionally and similarities analyzed
in order to assess the symmetry of upper lip skin surface forms, using
histogram intersection as new quantitative assessment method.

2. Materials and methods

2.1. Patients

Subjects in this study included 22 patients, 10 boys and 12 girls,
with completeUCLP,whounderwentprimary lip repair in accordance
with our treatment procedure (Nakamura et al., 2009; Fuchigami
et al., 2014; Matsunaga et al., 2016) between 2009 and 2013. Pro-
cedures were carried out by the same surgeon in the Department of
Oral and Maxillofacial Surgery, Kagoshima University Medical and
Dental Hospital. The treatment schedule included the following: 1)
presurgical orthopedics usingNAMfrombirth to primary lip repair, in
order to minimize surgical intervention; 2) primary lip repair by the
modified Cronin's triangular-flap method (Cronin, 1966) at 3e6
months old (mean age 5.1 ± 1.6 months); 3) simultaneous medial-
upward advancement of nasolabial components, which allows
repositioning of the lower lateral cartilage on the affected side; 4)
vestibular expansion using a cleft margin flap to provide the vertical
height of the nasal alar and nostrils, and to minimize deformations
due to postoperative regression; and 5) reconstruction of the orbi-
cularis oris muscle, pars peripheralis, and pars marginalis, with
overlapping, inter-digitation, and edge-to-edge suturing, in order to
reconstruct forms corresponding with the philtrum column
(Nakamuraet al., 2009; Fuchigami et al., 2014;Matsunagaet al., 2016).

Data were collected from the records of the CLP Team at
Kagoshima University Medical and Dental Hospital. This study was
approved by the Kagoshima University Medical and Dental Hospital
Institutional Review Board, and all participants provided informed
consent.

2.2. Scanning device, image processing software, and data capture
technique

The 3D facial images of patients were captured using the non-
invasive Vectra H1® 3D image scanner. The age at photographing
was 4e6 years (mean 5.3 years ±11.5 months). The patient's face
was captured from the front and diagonally downwards at an angle
of 45� on the right and left sides using the Vectra H1®. Each pa-
tient's facial image was captured several times, and images with
similar expressions were selected and used. In order not to induce
differences in expression, the patients were in a calm environment
and images were taken when the face was at rest. These facial
images were then imported into the software Mirror Photo Tool®

(Canfield Scientific, Inc., America) and selected and stitched to
generate one 3D facial image (Camison et al., 2018).

2.3. Setting the reference plane

In the next step d setting the reference plane d measurements
and analyses of nasolabial formswere performed using the 3D image
software 3D-Rugle 7® (Medic Engineering, Inc., Kyoto, Japan). 3D-
reconstructed facial images were compiled and standardized to face
in the same direction, such that all clefts were presented on the left
side. In each 3D facial image, themidpoint between the left and right
endocanthion points (En) was set as the origin (point O: x¼ 0, y ¼ 0,
and z¼ 0). The straight line passing through the left and right Enwas
set as the x-axis, and the reference plane passing through three
points d the right and left En and nasal alar base point (Alb) on the
non-cleft side d was set as the xey plane. The straight line passing
through the origin point and perpendicularly crossing the x-axis was
set as the y-axis. Finally, the straight line passing through the origin
point and crossing the xey plane perpendicularly was set as the z-
axis (Fig. 1A). The reference plane was assessed five separate times
for each 3D-reconstructed facial image. All procedures, including
capturing, constructing, and analyzing 3D images, were performed
by one examiner (NK) in order to avoid inter-examiner errors.

2.4. Facial landmarks

In order to assess nasolabial forms, 17 facial landmarks were
detected on 3D facial images and placed manually onto texture
images, while displaying normal vector images, in order to define
facial structures more clearly (Table 1 and Fig. 1A and B). Among
these, 1e15 landmarks were found to match the anatomical loca-
tions used in previous studies of the nasolabial forms for patients
with CLP (Yamada et al., 2002; Bilwatsch et al., 2006; Nkenke et al.,
2006; Stauber et al., 2008). Another two points, Alb on the non-cleft
and cleft sides (points 16 and 17, respectively), were identified as



Fig. 1. (A) The reference plane, axis, and facial landmarks 1e17 on a 3D facial texture image (front view). In order to determine the reference plane, the midpoint between the right
and left endocanthion points was established as the origin (x ¼ 0, y ¼ 0, and z ¼ 0). The plane containing the origin, left or right endocanthion, and the nasal alar base point of the
non-cleft side was defined as the xey plane (z ¼ 0). (B) A normal vector image. Between 1 and 15 anatomical facial landmarks were placed while referring to this vector image.

Table 1
Facial landmarks.

No. Abbreviation Facial landmarks

1, 2 En Endocanthion points of the non-cleft and cleft sides
3, 4 G. sup Most superior points of the alar groove of the non-cleft and cleft sides
5, 6 G. lat Most lateral points of the alar groove of the non-cleft and cleft sides
7 Prn Pronasale, nasal tip point; the highest point on the nasal tip
8, 9 G. base Most inferior points of the alar groove of the non-cleft and cleft sides
10 Col Columellar base point; subnasal point
11, 12 Lt Top points of Cupid's bow of the non-cleft and cleft sides
13 Lm Midpoint of Cupid's bow
14, 15 Ch Cheilion points of the non-cleft and cleft sides; the point located at each labial commissure
16, 17 Alb Alar base points of the non-cleft and cleft sides; the intersection point of the straight line passing through the most lateral point on the

alar groove of the non-cleft and cleft sides and the straight line passing through the Col point. The x-coordinate of point 16 (17) is the
same as the x-coordinate of point 5 (6), and the y-coordinate of point 16 (17) is the same as the y-coordinate of point 8 (9).
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the intersection point of the straight line passing through the most
lateral point of the alar groove (G. lat) on the non-cleft and cleft
sides and the straight line passing through the most inferior point
on the alar groove (G. base) on the non-cleft and cleft sides. On each
subject, the 3D coordinates of 17 facial landmarks were measured
five times and the mean value of each 3D coordinate was used in
the four measurement items discussed below.

2.5. Measurement items

2.5.1. Reliability of reference plane and facial landmarks
Prior to this study, we assessed the reproducibility of the

reference plane and facial landmarks by measuring each landmark
five times. The reliability (

P
a) d the standard deviation of the

average value (standard error) d was calculated using the
following formula:

X
a ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiP
D2

nðn� 1Þ

s

The residual error (D) is the difference between the average
value of five measurements and each measured value.

2.5.2. 3D measurements of facial landmarks
In the assessment of the midline of the face, the x-coordinates of

the nasal tip (Prn; point 7), columella base point (Col; point 10), and
midpoint of Cupid's bow (Lm; point 13) were calculated (Fig. 2A).

In evaluating the difference in the cephalocaudal height of the
lip and nose between the cleft and non-cleft sides, the distance
from the x-axis to the superior point of the alar groove (G. sup) on
the non-cleft and cleft sides (points 3 and 4), to G. lat on the non-
cleft and cleft sides (points 5 and 6), to G. base on the alar groove
of the non-cleft and cleft sides (points 8 and 9), and to the top of
Cupid's bow (Lt) on the non-cleft and cleft sides (points 11 and 12)
were measured (Fig. 2B).

In addition, for the comparison of the anteroposterior gap of the
lip and nose between the cleft and non-cleft sides, the z-co-
ordinates of the above eight points (3, 4, 5, 6, 8, 9, 11, and 12) were
calculated.

2.5.3. Assessment of the symmetry of nasal alar forms
In order to assess the symmetry of the nasal alar forms, the nasal

angle and the radius of the approximate circle of the nasal alar were
calculated with reference to the measuring method reported by
Okawachi et al. (2011). The nasal alar angle on the non-cleft side
(:7e5e10) and that on the cleft side (:7e6e10) were calculated
(Fig. 2C). Furthermore, the radius of the approximate circle of the
nasal alar that was indicated by the five points on the nasal alar
groovewas calculated on the non-cleft side (R) and on the cleft side
(r) (Fig. 2D). After the approximate circle was projected on the xey
plane, each radius of curvature was calculated using Rugle 7®

software. The ratio of the curvature radius (r/R) was then calculated
in order to evaluate the symmetry of the nasal form.

2.5.4. The symmetry of the upper lip surface using the histogram
intersection

In the assessment of the upper lip surface, the measurement
area was defined as that surrounded by points 10e17, as shown in



Fig. 2. Demonstration of 3D measurements using facial landmarks. (A) The nasal tip (Prn; point 7), the columellar base point (Col; point 10), and the midpoint of Cupid's bow (Lm;
point 13) with the midline (the y-axis). (B) The distance from the x-axis to each point: to the superior point of the alar groove (G. sup) of the non-cleft and cleft sides (points 3 and
4); to the lateral point of the alar groove (G. lat) of the non-cleft and cleft sides (points 5 and 6); to the inferior point of the ala groove (G. base) of the non-cleft and cleft sides (points
8 and 9); and to the top point of Cupid's bow (Lt) of the non-cleft and cleft sides (points 11 and 12). (C) The nasal alar angle on the non-cleft side (:7-5-10) and that on the cleft side
(:7-6-10). (D) The radius of the approximate circle of the nasal alar groove on the non-cleft side (R) and that on the cleft side (r).
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Fig. 3A. 3D images of this area were cropped on a PC, and some of
the vermilion was removed. The upper lip measurement area was
then converted into a contoured, color-coded display using an
anteroposterior height interval of 1.0 mm (Fig. 3B left). This area
was then divided using the line connecting Col (point 10) and Lm
(point 13) (Fig. 3B right). The numbers of pixels of each color on the
divided upper lip areas on the cleft and non-cleft sides were
counted, and the similarity of the two areas was calculated using
the histogram intersection.

The histogram intersection is an algorithm that was proposed by
Swain et al. (1991) as a method for judging similarities between
two images (Swain and Ballard, 1991). It compares the distribution
of pixels, such as particular colors included in the image, for each
histogram class and thus determines the similarity between the
two images. Fig. 4 shows the process for assessing symmetry of the
upper lip surface using histogram intersection. The right side area
of the upper lip on the non-cleft side was defined as image R, and
the left-side area on the cleft side was defined as the image L. After
the total numbers of pixels for each of the two images were
adjusted to the same number of pixels, the pixel number for each
color - pink, red, orange, yellow, yellow green, green, pale blue,
blue, and dark blue - were calculated and displayed as histograms R
and L. The value of similarity between image R and image L, H (R, L),
was defined by the following formula:

HðR; LÞ ¼
Pn

j¼1min
�
Rj; Lj

�
Pn

j¼1Rj

In this formula, the denominator was the sum of the pixels on
histogram R, and the numerator was the sum of the number of
smaller pixels of each color class between histogram R and histo-
gram L. The match value (H) varied from 0.0 to 1.0 and the closer
the match value was to 1.0, the more similar the two images
appeared to be (Fig. 4).

2.6. Statistical analyses

The Student's t-test was used to compare the mean values of all
measurements of nasolabial forms between the cleft and non-cleft
sides. Differences were considered to be significant when the p-
value was less than 0.05.

3. Results

3.1. Reliability of the reference plane and facial landmarks

The reliabilities of all facial landmarks were shown in box-and-
whisker plots (Fig. 5AeC). The mean reliability of En on the non-
cleft side (point 1) was 0.150 mm for the x-coordinate, 0.076 mm
for the y-coordinate, and 0.056 mm for the z-coordinate. The mean
reliability of En on the cleft side (point 2) was 0.128 mm for the x-
coordinate, 0.058mm for the y-coordinate, and 0.064mm for the z-
coordinate. The mean reliability of Alb on the non-cleft side (point
16) was 0.177 mm for the x-coordinate, 0.170 mm for the y-coor-
dinate, and 0.155 mm for in the z-coordinate. Regarding the re-
liabilities of the three points constituting the reference plane, 75%
of the measured values for the x-, y-, and z-coordinates were within
0.2 mm.

Of the 3D coordinates for other facial landmarks, cheilion points
(Ch) on the non-cleft side (point 14) had the largest reliability value
of greater than 0.8 mm, whereas 75% of themeasured values for the
x-coordinate for all other points were within 0.5 mm (Fig. 5A).
There were no landmarks with reliability greater than 0.5 mm for
the y-coordinate, except for G. lat (point 5) on the cleft side, for



Fig. 3. Demonstration of the 3D assessment of the upper lip surface symmetry. (A) The upper lip region cropped by points 10e17 from the 3D facial image. (B) The upper lip region
converted into a color-coded display, contoured at an anteroposterior height interval of 1.0 mm. The upper lip image was divided by the line connecting Col (point 10) and Lm (point
13). In order to evaluate the symmetry of the upper lip surface, the number of pixels of each color on two regions were counted and the similarity between the two areas was
calculated using histogram intersection.

Fig. 4. In the upper lip image, which was divided by the line connecting Col (point 10) and Lm (point 13), the right side area of the upper lip (the non-cleft side) was defined as
image R, and the left one (the cleft side) was defined as the image L. Histogram shows the pixels of each color class for images R and L. The number of pixels of image L were adjusted
to the same number of pixels of image R. The pixels of each color - pink, red, orange, yellow, yellow green, green, pale blue, blue and dark blue - was calculated and displayed as
histogram (R, L). A, B, C, D, E, F, G, H, and I were the pixels of the colors- pink, red, orange, yellow, yellow green, green, pale blue, blue and dark blue- in image R. a, b, c, d, e, f, g, h, and
i were the pixels of the same colors in image L. The match value between two images could be obtained from the histogram using the formula described in the text. The de-
nominator was the sum of the pixels on histogram R, and the numerator was the sum of the number of smaller pixels of each color class between histogram R and histogram L. In
this figure, the smaller values of two histograms; A þ B þ c þ d þ e þ F þ G þ h þ I were included in the numerator.
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Fig. 5. The reliabilities of all measuring points, displayed as box-and-whisker plots, for (A) the x-coordinate, (B) the y-coordinate, and the z-coordinate.
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which the maximal value was 0.6 mm (Fig. 5B). For the z-coordi-
nate, Ch on the non-cleft side (point 14), reliability was greater than
0.8 mm, whereas 75% of measured values were within 0.5 mm
(Fig. 5C).
Fig. 6. The x- and y-coordinates of 17 facial landmarks were plotted in the xey plane.
The points Prm (point 7), Col (point 10), and Lm (point 12) are circled in white.
3.2. 3D measurement of facial landmarks

The mean and SD for the x- and y-coordinates of each facial
landmark are shown in Fig. 6. Regarding the three points relating to
the midline of the face, the x-coordinate value
was �0.87 ± 0.30 mm for Prn (point 7), �0.71 ± 1.03 for Col (point
10), and 1.17 ± 1.10 for Lm (point 13). Prn and Col dislocated to the
cleft side, while Lm shifted to the non-cleft side.

The cephalocaudal distances from the x-axis to the nasal alar
and upper lip points are shown in Fig. 7A. The cephalocaudal dis-
tances for G. sup (points 3 and 4) were 22.05 ± 1.38 mm and
23.53 ± 1.61 mm, respectively, with the distance for G. sup signif-
icantly longer on the cleft side than on the non-cleft side (p < 0.01).
The cephalocaudal distances for G. lat (points 5 and 6) were
28.47 ± 1.63 mm and 28.95 ± 1.66 mm, respectively. Those for G.
base (points 8 and 9) were 34.74 ± 1.72 mm and 35.08 ± 1.80 mm,
respectively, and those of Lt (points 11 and 12) were
47.56± 2.23mmand 47.40± 2.26mm, respectively. Comparisons of
distances from the x-axis showed that those to points 5 and 6, to
points 8 and 9, and to points 11 and 12 were not significantly
different, indicating that the lower half of the nasal alar groove and
Cupid's bow were restored to an almost symmetrical position
(Fig. 7A).
The anteroposterior distances from the xey plane to the nasal
alar and upper lip points are shown in Fig. 7B. The anteroposterior



Fig. 7. (A) The distance from the x-axis to the points around the nasal alar and upper lip. The distance to G. sup on the cleft side was significantly longer than on the non-cleft side
(**p < 0.01), but other points showed no significant differences between the cleft side and the non-cleft side. (B) The z-coordinates of the points around nasal alar and upper lip.
These points showed no significant differences in anteroposterior position. (C) The nasal alar angle. The angle on the cleft side was significantly smaller than that on the non-cleft
side (**p < 0.01). (D) The radius of the approximate circle of nasal alar. The curvature on the cleft side was significantly smaller than the non-cleft side (*p < 0.05).
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distances for G. sup (points 3 and 4) were 5.28 ± 0.83 mm and
5.75 ± 1.08 mm, respectively; those for G. lat (points 5 and 6) were
1.43 ± 0.61 mm and 1.78 ± 0.94 mm, respectively; those for G. base
(points 8 and 9) were 1.68 ± 0.40 mm and 1.44 ± 0.72 mm,
respectively; and those for Lt (points 11 and 12) were
4.31 ± 1.37 mm and 3.98 ± 1.46 mm, respectively. Comparisons of
the anteroposterior positions of these points showed no significant
differences between the non-cleft and cleft sides. However, the
upper half of the nasal alar on the cleft side tended to locate slightly
more anteriorly than that on the non-cleft side, while the lower half
of the nasal alar and upper lip on the cleft side was located slightly
more posteriorly than that on the non-cleft side (Fig. 7B).

3.3. Assessment of the symmetry of nasal alar forms

The nasal alar angle on the cleft side was 39.29 ± 2.71�, and was
significantly smaller than that on the non-cleft side (42.07 ± 2.47�;
p < 0.01) (Fig. 7C).

The radius of the approximate circle of the nasal alar groove on
the non-cleft side (R) was 7.34 ± 0.80 mm and that on the cleft side
(r) was 6.72 ± 0.82mm. A significant difference was observed in the
radius of the nasal alar groove between the non-cleft and cleft sides
(p < 0.05) (Fig. 7D). The ratio of curvature (r/R) was 0.92 ± 0.10.

3.4. Symmetry of the upper lip surface using histogram intersection

The values for similarity varied between 0.63 and 0.93. The
mean and SD value for the upper lip surface on the non-cleft and
cleft sides, calculated using histogram intersection, was 0.82 ± 0.07.
Fig. 8 shows the contoured, color-coded images of the upper lip
surface of the representative subjects, with both the high and low
values of similarity. Subjects with higher values had more sym-
metrical contour lines in the visualized surface images. Further-
more, those with lower values had more asymmetrical contour
lines in the visualized surface image, and the surface form of the
portion corresponding to the philtrum column of the cleft side
appeared flatter than that of the non-cleft side.
4. Discussion

The 3D scanning system based on stereophotogrammetry used
in this study has a short image capturing time and is suitable for
taking images of infants and young children (Al-Omari et al., 2005;
He et al., 2010; Nakamura et al., 2010; Tse et al., 2014; Liang et al.,
2017). Vectra H1® is compact and easily handled, and is able to
rapidly capture facial images in clinical settings without the need
for sedation.

According to the manufacturer, the geometry resolution (trian-
gle edge length) of Vectra H1® is 0.80 mm. In an assessment of
Vectra H1® using the 3dMD facial system, which has been widely
used for analysing 3D images, the Vectra H1® system was found to
be reliable for clinical applications (Camison et al., 2018). Nkenke
et al. (2006) found that small measurement errors help to collect
clinically relevant information. Previous studies have reported the
reproducibility of the measuring points to be within 0.0e0.5 mm in
evaluating morphological features of cleft-related deformity using
3D facial images (Hood et al., 2003; Bell et al., 2014). In this study,
we analyzed the accuracy of the three points constituting the
reference plane and the findings revealed that reliability was
within 0.2 mm for the x-, y-, and z-coordinates. In addition, the
reliability values for the 3D coordinates for each facial landmark
were within 0.5 mm, except those for Ch for the x- and z-



Fig. 8. Values of similarity and the visualized contour lines on the upper lip surface images of four cases. The age (in years and months) and gender of the four cases are shown in
the second row.
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coordinates, which were greater than 0.8 mm. Regarding the low
reliability of Ch, Hood et al. (2004) found that anthropometric
measurements relating to lower lip and vertical mouth dimensions
should not rely on the landmarks around the lip, because it is
difficult for young children with clefts to perform ‘lips together at
rest’. Some reliability values were greater than 0.8 mm, while 75%
of the measured values for all coordinates for each facial landmark
were within 0.5 mm. Therefore the reference plane and facial
landmarks of the 3D images in this study were considered to be
reliable.

Although the results of these 3D analyses need to be interpreted
with caution because of the relatively small sample size, several
conclusions appear to be warranted. The first conclusion is that the
postoperative nasolabial forms of our primary lip repair cases of
children with complete UCLP had the following characteristics:

1) Regarding the medial line of the face, Prn and Col slightly dis-
located to the non-cleft side, while the Lm of the upper lip
shifted to the cleft side.

2) Regarding cephalocaudal heights on the cleft and non-cleft
sides, G. lat, G. base, and Lt were restored to their symmetrical
heights, while G. sup on the cleft side was still lower than that
on the non-cleft side.

3) Asymmetry of the nasal alar angle and the radius of the curva-
ture of the nasal alar groove between the cleft and non-cleft side
remained.

Nasolabial morphology after lip repair using triangular repair for
unilateral clefts often results in postoperative drooping of the nasal
alar base and a long lip due to excessive elongation (Cronin, 1966;
Brauer and Cronin, 1983). Although the design of the lip length
on the affected side is recommended to be shorter (Cronin, 1966;
Brauer and Cronin, 1983; Fisher, 2005), excessive extension of the
upper lip has represented a major limitation of unilateral lip repair
(Matsunaga et al., 2016). We previously reported that the simul-
taneous upward advancement of nasolabial components and
anatomical reconstruction of the orbicularis muscle prevented
postoperative nasolabial drooping and long lip according to 2D
analysis (Nakamura et al., 2011; Matsunaga et al., 2016).

In this 3D analysis, we found that preoperative nasolabial tissue
that had dislocated in the caudal direction was successfully re-
established at the symmetrical height, and no excessive extension
of the upper lip was observed. On the other hand, Prn, Col, and Lm
were not recovered perfectly to the center of the face. Prm and Col
had shifted slightly to the non-cleft side. Moreover, the position of
Lm had shifted to the affected side.

In our department, we applied a NAM plate to correct the wide
cleft space preoperatively. With this presurgical orthopedic treat-
ment, the dislocated maxillary segments moved to the medial side,
resulting in a narrow cleft space (Fuchigami et al., 2014), however,
insufficient correction of the displaced upper maxillary segments
may have retained the dislocation of Prn and Col from the center of
the face in this study. Following the NAM treatment, the incisal point
on the alveolar ridge of patients with UCLPwas found to havemoved
excessively to almost the center of the face (Fuchigami et al., 2014).
Furthermore, the collapse of maxillary segments may affect the shift
in the position of Lm, because the soft tissue of the upper lip is pulled
to the affected side as a result of muscle union during lip repair.

Okawachi et al. (2011) examined the angle of the nasal alar and
the radius of the curvature of the nasal alar groove pre- and post-
operatively, and reported that these were useful for assessing the
symmetry of the nasal alar forms. In our study, we also adopted this
approach for patients after primary lip repair, to assess the sym-
metry of the nose form. The results obtained showed that the
asymmetry of the nasal form persisted. In our strategy for primary
nose repair, NAM was applied for 3e4 months to recover the dome
shape of the nose, and nasolabial tissue was simultaneously
advanced upwardly to overlap the outer crus of the lower lateral
cartilage on the upper lateral cartilage during lip repair. For nose
correction, the nasal vestibule was then expanded with a cleft
margin flap in the primary cleft lip surgery (Nakamura et al., 2011;
Fuchigami et al., 2014; Matsunaga et al., 2016).

Our study revealed that G. sup on the cleft sidewas locatedmore
anteriorly and caudally than that on the non-cleft side. This issue
may be attributed to many factors, such as anterioreposterior
asymmetry of the maxillary bone, left and right differences in
inherent nasal tissue volume, and insufficient upward advance-
ment of the nasolabial tissue, including lower lateral cartilage,
during lip repair. Therefore, we need to develop more successful
presurgical orthopedics that will contribute to the recovery of
maxillary bone around the nose and lip to the center of the face. We
also need to employ countermeasures to improve the location of
nasal cartilage to a more anatomically correct position in the future.

The histogram intersection method was shown to be useful
because the upper lip surface form in patients with cleft lip and
palate could be exhibited visually and quantified. Besides the white
lip and vermilion, the upper lip has structural features called sub-
units, such as the philtrum ridge, philtrum dimple, and white roll.
These are reconstructed through appropriate incision design and
reconstruction of the orbicularis muscle during primary lip repair.
Several surgeons have previously described surgical methods
involving an incision line on the upper lip, approximating the
subunit of the philtrum ridge (Cronin, 1966; Millard, 1976). The
philtrum ridge and philtrum dimple are a result of the skin prop-
erties, as well as the alignment and thickness of the orbicularis oris
muscle. Kim et al. (2017) reported that overlapping suturing on the
orbicularis oris muscle can reproduce the natural, balanced
appearance by creating an elevated philtrum ridge on the cleft side.
Muscle repair needs to be accurate and precise in order to achieve
successful results in lip repair surgery (Kuna et al., 2016). Lip repair
in our study focused on anatomical reconstruction of the upper lip
muscle, and the pars peripheralis of the orbicularis muscle was
overlapped to produce the philtrum ridge in the upper lip
(Nakamura et al., 2011; Matsunaga et al., 2016).
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Accurate and global measurements of the skin surface can be
difficult. Various methods have been previously employed to assess
symmetry of the upper lip surface, both objectively and quantita-
tively. These have included superimposition of a 3D mirror image
onto the original image (Desmedt et al., 2015; Mosmuller et al.,
2017), the superimposition of pre- and postoperative 3D images
with different colors (Okawachi et al., 2011; Al-Rudainy et al., 2018),
and the comparison of face average UCLP models and healthy
subjects to show differences in height by color and distance (dis-
tance map) (van Loon et al., 2010; Dad�akov�a et al., 2016). However,
there are difficulties associated with detecting the standard line for
mirroring on the face in patients with complete UCLP. Therefore,
symmetry of the upper lip skin surface in our study was evaluated
using histogram intersection. Using this method, the degree of
symmetry between the cleft side and non-cleft side could be
evaluated without the need for a mirroring image. The similarity of
the images was examined visually and compared with the
numerically expressed value.

The results showed that symmetry of the upper lip surface of
patients who underwent lip repair in our department varied from
0.8 to 0.9 to a value of 0.6. In this series, subjects with higher values
had more symmetrical contour lines in the visualized surface im-
ages. On the other hand, those with lower values had more asym-
metrical contour lines, and the surface form of the portion
corresponding to the philtrum column of the cleft side appeared to
be flattened. From these results, the histogram intersection method
can be considered applicable as a method for quantitatively eval-
uating symmetry of the lip surface.

The relatively small samples in this study might be to be inter-
preted as a limitation. Moreover, a reference value of similarity in
the upper lip surface form using the histogram intersectionmethod
has not yet been established. Future studies that compare the
symmetry of the upper lip surface of cleft subjects with that of non-
cleft subjects are needed in order to obtain a reference value for
similarity.
5. Conclusions

The results of this study showed that the nasal alar base and
Cupid's bow on the cleft sidewere restored to a symmetrical height,
whereas a small nasal alar persisted postoperatively. The results
also suggest that histogram intersection might be applicable as a
method for quantitatively and objectively evaluating symmetry of
the upper lip surface.
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