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Abstract

A cleft lip and palate is the second most frequerdtcurring
congenital deformity after clubfoot deformity. Itaurs in about 1 in
700 to 1000 births. Recent developments in surgeehniques have
improved quality of life for individuals with sewerleft related facial
deformity and made easier for them to get closehéosociety. Over
the past twenty years, there has been increastaest in assessment
of the outcome of cleft surgery and various methbdse been
developed for the assessment. Nevertheless, sthndajective
assessment method does not exist yet. Hence, ttidy sitilized 12
parameters from the nasolabial area which are itapbcomponents
measure of success of surgical repair in cleftbitipe deformity.

The main objective of this study is to develop obye and
quantitative assessment tool for the evaluatiosunfical outcome by
analyzing the parameters obtained from 85 on-screkgital
photographic images. Five laypersons and five iglasurgeons
participated in this study. Each layperson analyg@ean-screen digital
photographs three times by using the developedsssmnt software.
Each plastic surgeon evaluated photographs thresstusing 100 point

scales with 10 point intervals. Three sets of assesat were performed

Vi



in the interval of one week. To find out the cotesigy of assessments
performed by five laypersons, ANOVA test was pearfed and no
significant differences were found for 12 parametereasured (p >
0.05). Regression equation and neural network wagpplied to
objectively and quantitatively evaluate the surgmatcome of cleft lip
nasal deformity. As a result, the both regressiaraggn and developed
neural network provided the correlation coefficieatue of 0.86. The
plastic surgeon group showed high reproducibilithew evaluating
pictures of normal subjects but low reproducibilitshen evaluating
pictures of repaired cleft lip nose deformity swbjeThe laypersons
group showed better reproducibility than the sunge@hen evaluating
patients group.

Consequently, the developed assessment tool afitagtic surgeons
to perform objective assessment and even non-digéxito perform
the evaluation on clef lip nasal deformity subjesith consistency and

accuracy.

Keywords: Cleft lip and palate, nasal deformitygression equation,

neural network, correlation, reproducibility
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1. INTRODUCTION

A cleft means ‘split’ or ‘separation’ in a body @tture. During early
stage of pregnancy, separate areas of the facéogewelividually and
join together. If some areas do not join propetg cleft occurs. Clefts
that occur in the craniofacial region usually inxlthe lip, the hard
palate (roof of the mouth) or the soft palate (s¢is&ue in the back of
the mouth). The types of craniofacial clefts maiimigiude cleft lip and
palate, isolated cleft lip, and isolated cleft palaA cleft lip is an
opening in the upper lip and a cleft palate is paning in the hard or
soft palate [1]. Among these three types, cleftalijl palate is the most
common which accounts up to 50 % of all clefts andur together in
the most cases. It causes nasal deformity whichdgerious condition
that could determine the life outcome of individwghce its direct
relationship with facial appearance and attractgsn It leads
individuals to possible impairment of speech, hegri facial
appearances, dental problems, and craniofacialtr®y. With these
handicaps, individuals with cleft lip nasal defotynare at risk for
developing problems with social competence andopatsadjustment
[3-5]. In addition, they are at risk for social eefjion as well as

unrealistic perceptions about their facial appeagaand behavior [6-8].



Recent developments in surgical techniques haveowed quality
of life for individuals with severe cleft lip nasdeformity and made
easier for them to get closer to the society. @Qherpast twenty years,
there has been increasing interest in assessméme olutcome of cleft
surgery and various methods have been developegseTmethods
include visual inspection by plastic surgeon, agsest using two-
dimensional photographs, three-dimensional imagorgcombination
of these methods. The advantages of the evaluasimg such imaging
techniques are their accuracy and objectivenesgieler, assessment
using two dimensional photographs requires stamozddohotographic
technique and three dimensional imaging requiregiapzed training
and expertise to operate. From these reasons, | visgaection
continues to be the primary method despite thelahily of new
Imaging techniques. In most cases, visual inspectny plastic
surgeons are evaluated into scale of four (milddenate, severe, and
very severe) or five (bad, poor, moderate, good,extellent) [9]. This
method is often subjective and lacking objectiviity evaluating the
repaired cleft lip nasal deformity.

Development of an objective assessment tool inuati@n of the

condition of cleft lip nasal deformity may help advancement and



evaluation of surgical techniques. Neverthelesanddrd objective
assessment method does not exist yet [10]. Heh=estudy utilized
nasal asymmetry and labial shape which is an ilmpbrtomponent
measure of success of repaired cleft lip nasalrdefp The main
objective of this study is to develop objective agdantitative
assessment tool by analyzing the parameters oltdhoen 85 on-
screen digital photographic images. Various paramsetwere
investigated to objectively evaluate the cleft Ifasal deformity.
Subsequently, regression equation and neural nletvestimating
surgeon’s grades were formulated and correlaticefficeent between
estimated and actual surgeon’s grade was foundrdpreducibility of
the evaluation grades obtained from both laypersand plastic

surgeons were also obtained to confirm their aagura



2. CLEFT LIP NASAL DEFORMITY

2.1 Definition

A cleft lip and palate is the second most frequerdtcurring
congenital deformity after clubfoot deformity. Itaurs in about 1 in
700 to 1000 births [2]. The word ‘cleft means sgi separation in a
body structure. During the early stages of fetalettgoment, the upper
lip and palate develop from tissues lying on eitkide of the tongue.
These tissues grow towards each other and fus@enntiddle [1].
When the tissues that form the upper lip fail teefin the middle of the
face, a cleft lip occurs. A single cleft that dosst extend into the
nostril is called unilateral incomplete. A singleft that extends into
the nostril is called unilateral complete. A cléfat involves both sides
of the lip and extends into two nostrils is caltdthteral complete cleft

lip. Different types of cleft lips are shown in Eig 1.



=

Unilateral Unilateral Bilateral
Incomplete Complete Complete

Figure 1. Types of cleft lip@vikipedia]

Cleft palate is an abnormality in which the hardapaor soft palate
does not completely form during fetal developmé&tgfer to Figure 2
for the human palate anatomy. In most cases, lgeefind palate occur
together and accounts up to 50 % of all cleftofeéld by isolated cleft
palate (30%) and isolated cleft lip (20%) [2]. Samito cleft lip, cleft
palate occurs in condition with complete, incompleind unilateral,

bilateral as shown in Figure 3.
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Figure 2. Palate anatomy of huni&tedlinePlus Medical Encyclopedia]

Unilateral complete Bilateral complete Incomplete
Lip and palate Lip and palate Cleft palate

Figure 3. Types of cleft palat@sikipedia]



2.2 Causes

Cleft lip and palate occurs in about 1 in 700 t@A®Irths. It occurs
more frequently in Asians, and certain groups ofefican Indians than
Africans and African Americans. Cleft lip occurs madrequently in
boys than girls while cleft plate occurs more frewply in girls than
boys. The exact cause of clefts is unknown but ipdmom genetic,
environmental factors or genetic syndromes.

Some families have a history of cleft. It may causy multiple
genes inherited from both parents or inherited frgemeration to
generation. However, only 1 out of every 5 clefts mherited. There
are many children born with cleft who have no fanhistory of cleft.
Environmental factors which cause a mother givimthtio a child with
cleft lip and palate include exposure to infectidweh as German
measles, certain medications, alcohol and illegagydisage, cigarette
smoking, and certain vitamin deficiencies, espécialuring early
stages of fetal development. Cleft lip and paleae also occur by
genetic syndromes such as Sticker’s syndrome aneyd-Dietz

syndrome



2.3 Complications

Table 1 summarizes the various complications dt tje and palate.
Such complications may lead individuals to possibipairment of
speech, hearing, facial appearances, dental preblend craniofacial
growth [2].

Table 1. Complications of cleft lip and palate

Complications

Feeding Problem
Speech development
Dental problems
Ear infections
Hearing problem
Nasal deformities

Emotional and social competence

Among these complications, nasal deformity is sevi@ondition
which could determine the individual’s life outcorsece its direct
relationship with facial appearance and attractgsn With cleft lip

nasal deformity, individuals are at risk for dey®@hg problems with



social competence and personal adjustment [3-5dttition, they are
also at risk for social rejection as well as unstigl perceptions about
their facial appearance and behavior [6-8]. To @waich problems,
proper management of complications and objectigessmnent of cleft

lip nose deformity after surgery are necessary.

2.4 Treatment

The surgery of the cleft lip is carried out at aftam to twelve weeks
of age. Different opinions exist whether it is betto do an early repair
[12-15] or later than twelve weeks of age [16-TTHe surgery involves
making incisions and merges the pieces of lip togreto form a full lip.
The surgery of the cleft palate is carried outlaiud nine to eighteen
months of age. There exist a number of differectitéues from which
the surgeon can choose depending on the natureheof clefts.
Additional surgeries are usually carried out toieeh the best results.
Since clefts can develop variety of complicatiodisild may need to
see different specialists such as otolaryngologisttist, and speech

pathologist.



3. ASSESSMENT METHODS

Recent developments in surgical techniques haveowed quality
of life for individuals with severe cleft lip nosgeformity and made
easier for them to get closer to the society. @Qherpast twenty years,
there has been increasing interest in assessmém olutcome of cleft
surgery and various methods have been developegseTmethods
include visual inspection by plastic surgeon, assesnt using two-
dimensional photographs, three-dimensional imagorgcombination

of these methods.

3.1 Visual inspection by plastic surgeons

In most cases, the visual inspections by plasticgeons are
evaluated into scale of four (mild, moderate, seyvand very severe) or
five (bad, poor, moderate, good, and excellent) P#gstic surgeons use
photograph images of patients or real person asvatuating media.
This method is often subjective and lacking objattiin evaluating
the surgery outcome of cleft related facial defeyntecause each
plastic surgeons have different opinions on surgenytcome.
Evaluation can also be affected by time and spBosvever, visual
inspection continues to be the primary evaluati@thod because of its

simplicity with no equipment cost [18].

_10_



3.2 Two dimensional imaging technique

Assessment using two dimensional media uses black vehite
photographs, color photographs, projected colarsparencies, or on-
screen digital photographs [19-25]. These methoel$rging to achieve
objective assessment of cleft related facial deiftyrroy measuring
parameters from photographs such as nasolabia¢,angsal tip angle,
width of nose, philtrum, columella, and etc. Whessessing with two
dimensional media, views of the photographs atécatifactor. These
include frontal and lateral facial views, views d@&leye, views of only
nasolabial area, or inferior views of the nose [23, 26]. Two
dimensional imaging techniques are widely used qalawith clinical
examination because of its simplicity and low cékiwever, the major
disadvantage of two dimensional imaging technigiseshe loss of
image information errors caused by projection dhe dimensional
object onto a two dimensional image [18]. QuaMatand quantitative
approaches have been used in assessments madeviraiimensional
Images. Most of approaches have taken qualitapypeoaches without
taking performing any measurements. This means nodstwo

dimensional studies were subjective assessments.

_11_



3.3 Three dimensional imaging technique

Assessment using three dimensional imaging teciesi uses laser
scanning, computer-assisted tomography, range easmaptoelectronic
instruments, three-dimensional morphoanalysis, etdienensional
digitizer, and stereophotogrametry [27-34]. Thesghods are proven
to be more reliable and accurate than clinical eration and two
dimensional imaging techniques. However, three dsimal imaging
systems are expensive and require specializedrigaand expertise to
operate. In addition, patient cooperation is regginwhile recording of
the three dimensional image which normally takewyltme. Figure 4
shows an example of three-dimensional laser measnms. This
three-dimensional imaging system requires eyebdue to protect the
eyes from the laser. For the precaution, upper langr eyelids of
children need to be fixed using tape causing disodno the subjects.
Figure 5 shows obtained facial images from theetftienensional laser
scanner. Obtained images need to be handled frermattware for the
data analysis which requires specialized trainimgl @&xpertise to

operate.

_12_



Figure 4. Laser measurements on child’s face

A

* Pt A07I50 6077430, BTREIHT
"Ponl 3 -3B1220, SEEH1ATI, G0 E041 |
PortT: 4 NZBAZ 4223873 ETIINIE
*Begle | 11402780 deg

Figure 5. Example of a three dimensional imagingj\sis

_18_



4. RESEARCH DESIGN AND METHODS

4.1 Subjects and Assessors

In this study, two-dimensional imaging techniguas used for the
assessment of the on-screen digital photograpl2® aformal subjects
and 65 subjects with repaired cleft lip nasal deity. 65 cleft lip nasal
deformity subjects were randomly selected who umdet correction
surgery at the Department of Plastic & ReconstvectSurgery,
Severance Hospital in Seoul, Korea. Two differenews of
photographs were taken from each subject. Wormsaagefront view
images were taken for the assessment of nasal ipngatameters,
respectively.

Five laypersons and five plastic surgeons wemtiggzated in this
study. Laypersons were comprised of graduate sa@todénts and each
of them analyzed 85 on-screen digital photographsettimes at one
week interval by using the developed assessment. tBach
measurement set consisted of the same 85 imageghéutwere
shuffled in order to minimize the bias when evah@the images. Five
plastic surgeons were comprised of professionale whre familiar
with cleft lip nasal deformity. Each surgeon evéabaa photographs

three times using 100 point scales having 10 potetvals. Three sets

_14_



of assessment were performed in the interval ofvoeek.

4.2 Assessment parameters

Nasal symmetry has always been a fundamental fastoen
evaluating the surgical outcome of cleft lip nadaformity patients
[35]. It can be determined by visual inspectionhef symmetry of both
nostrils. In addition to the nasal symmetry, lalsbhpe can be utilized
as a factor for the evaluation. In this study, asgmmetry of nose was
analyzed and compared using area of nostril, deptiat of nostril,
angle between the long axis of nostril and the zZomtal line under
nose, and distance between the central pointseaiditrils as shown in
Figure 6. In addition, the labial shape was analyaed compared
using the distance of normal and abnormal Cupidisvd to the
horizontal line of labial fissure and angle betwemmnected line of

Cupid’s bow and horizontal line of labial fissure.

_15_



- D4 D5

Figure 6. Measurement items for the evaluationeit tp nasal

deformity

Items in Figure 6 are defined as following.

S1: Area of normal nostril

S1": Mirrored image of S1 symmetrical to columeléesi

S2: Area of abnormal nostril

S3: Overlapped area of S1' and S2

C1: Central point of normal nostril

C1" Central point of S1'

C2: Central point of abnormal nostril

01: Angle between the long axis of the normal nbatrd the horizontal
line

02: Angle between the long axis of the abnormal nlosind the
horizontal line

01" Angle between the long axis S1' and the hoteldime

D1: Distance between C1 and C2

D2: Distance between C1'and C2

D3: Distance between C1 and C1'

D4: Distance between normal Cupid’s bow and hottadime of labial
fissure

_16_



D5: Distance between abnormal Cupid’s bow and bote line of
labial

03: Angle between connected line of Cupid’s bows andizbatal line
of labial fissure

The following parameters were considered to weatal the cleft lip
nasal deformity. Symmetry of the nostril anglés;/0, is a ratio
between the angles of the abnormal to the normatrife It was
calculated by the ratio of the greater value agdims smaller value
between two angles. In the perfect calsesqual®,, hence, the value
closer to 1 becomes normd | 6,| is an angle difference between
normal and abnormal side nostrils.

Symmetry of the nostril position; Depending on ttidferent
magnification of individual images, even the sarnstathce between the
nostril centers can be differently calculated. Efi@re, to reduce such
incidence, the ratio of distance rather than thieer@ince of distance
was adopted. Pis a parameter proportional to the abnormal level,
while Ds is the distance of the cases with a normal synymB&/Ds
D./D3,and B/D; can be considered as parameters and as the sostril
become to be perfect,[; becomes 1 andJiDs;and /D, become 0.

Symmetry of nostril area; Five parameters/SS Si/S; SISy, S/

(S1+Sy), and 9 (S+S-S3), were considered. The more perfect the

_1’7_



nostrils are, the more; SS;, and $ become equal, therefore, the closer
Sy (S1+S) becomes 0.5, and the other four parameters betome

Labial distortion; D4/D5 and3 were considered to evaluate the
labial distortion. In the perfect case, D4/D5 @&3dbecome close to 1
and 0, respectively.

By utilizing above mentioned parameters, On-stredigital
photograph assessment tool was developed using IE¥¥\6.1 and
NI-IMAQ Vision (National Instruments, USA). Laypenss manually
establish the data such as boundaries of two e symmetrical
axis, the columella nasi, and the horizontal lineder the nose.

Analytical results pertinent to parameters wereuattically obtained.

_18_



4.3 Measurement software

On-screen digital photograph assessment tool deasloped using

LabVIEW 6.1 and NI-IMAQ Vision (National Instrument USA).

Figure 7 shows the interface of the developed assaggool.

& anal_imagel_3.vi

Eile Edit Operate Tools Browse Window Help

2 Degrae of nostils

Degree | Degreell Diference ABS(deagl/deg?)
3243 424 -8.81 o2l

3 Degree and distance of lip
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Distance |
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Diztance i
G-

Ratio Dis 1l /Dis |
1.3

4 Areas of nostrils{manual)

Arealpixels) X Y
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]1219.05 ]2""4t.'55 {270 |
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5
- |
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[ioedo0 [0 [25028
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F‘_'L ' '
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Figure 7. Interface of the developed assessmeht too
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Each of 5 laypersons took three measurements atveak interval.
Each measurement set was consisted of same 85drbagéhey were
shuffled in order to minimize the bias when evah@tthe images.
Laypersons measured the items described in sedtrby utilizing
steps 1, 2, 3, and 4 in figure 7. Step 1 is fodiog photographs. Step 2
is for obtaining the angle between central pointha nostril and the
horizontal line under nose. Laypersons were dickdie draw a
horizontal line under nose then draw two lineslonostrils. Figure 8

represents the process of obtaining nostril angles.
B! Draw a line 2 EJ

21

_ G-bitimage
b
Wi 341

Cancel

Figure 8. Picture of obtaining nostril angles
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Step 3 is for obtaining distance of normal anacaimal Cupid’s
bows to horizontal line of labial fissure and angktween connected
line of Cupid’s bow and horizontal line of labiakgure. Laypersons
were directed to draw a horizontal line of labiestire, line which
connects two Cupid’s bows, and straight line frompid’s bow to

horizontal line. Figure 9 represents this process.

15! draw a vertical line 2 El

e

_ -bit image
X397
Y1

Cancel

Figure 9. Picture of obtaining lip values
Step 4 is for obtaining area of normal and abnormestrils.
Laypersons were directed to draw circles around nostrils and then

draw a vertical line on the nasal septum. The dagped program

_21_



automatically creates symmetrical image of the rabmose. Figure 10

represents the process of obtaining area of mastril

& Draw a central vertical line X
BLIPEE
167

8-bit image
X

Y: 36

Figure 10. Picture of obtaining nostril areas

After completing steps 1 through 4, all of theaswed items were

_22_



calculated and these values were manually recorohedExcel
spreadsheet (Microsoft, USA). 12 parameters wesn tbalculated

automatically in Excel for further statistical aysik.

_23_



4.4 Regression equation and neural network

In this study, regression equation and neural nétwastimating
surgeon’s grades were formulated. For the regnessaaalysis,
statistical software SPSS (SPSS Inc. USA) was ueedbtain the
equation. By definition, regression equation isaistical method used
to predict the behavior of a dependent variablegydneral, a regression
equation takes the form of (1)

Y=Ax (1)

In the equationY is the dependent variable that the equation tries
to predict, x is the independent variable that is being usegréalict
Y [36].

Artificial neural network (ANN) was also used totiggte the
evaluation grades of surgeons. By definition, ANNthe theoretical
model of real biological neural networks. For imgt®, human brain is
complicated biological neural networks with manyibrcells which
are highly interconnected each other. These interections of neurons
produce great computation ability which is far betihhan computers.
ANN tries to model real neural networks. ANN caarfeto recognize
certain inputs and to produce a particular outpuiaf given input [37].

Matlab 7.1 and Levenberg-Marquardt algorithm (Mathkg Inc. USA)

_24_



was used for the development of neural network. figugral network
architecture used in this study was the multilageydel with feed
forward-networks as shown in Figure 11. The fiestelr is called input
layer (L) which are consisted of 10 parametersajut?2 parameters.
Two parameters were excluded because of their sttai

insignificance. The second layer is called hiddepet where data
processing occurs. The third layer is called outgygr which provides

the results of the ANN.

_25_



Input Layer Hidden Layer

whL,1]

Input m

Figure 11. Structure of the multilayer neural netwased in this study

The ANN must go through learning process to prodoedain
outputs. There exist many types of learning paradiguch as
supervised and unsupervised learning. In supervisadning, the

desired output (mean of five plastic surgeons gr&l&nown for the
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specific inputs (10 parameters). By introducingedtént inputs to the
developed multilayer neural network with known aufyy evaluation
grades were obtained. In this study, the input nNhjleonsisted of 10
parameters and the output node was consisted ofmten of five
plastic surgeons grade to produce the grades frtorm00. The number
of training (input) and test (output) data used w&¥5 and 85,
respectively. When obtaining evaluation gradesjumber of hidden
nodes are greater than or equal to the numberpoit inodes, neural

network may overfit the results [38].
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5. RESULTS AND DISCUSSION

5.1 Regression equation

Two-way ANOVA test was used to find out 1) whetligere exists
any difference in average of three measuremententdby five
laypersons. 2) Whether there exists consistency ngmthree
measurements taken by each layperson. As a resulsignificant
differences were found from 12 parameters measurgd five
laypersons. All of the p-values were greater tha®db.0This result
explains that five laypersons utilized the devetbmssessment tool
appropriately with consistency when measuring gefameter. It was
confirmed that in the analysis using the program,subjective
difference that may be introduced during the preces manually
measuring the parameters was hardly present, avasitilso confirmed
that it was not influenced by the number of testsfggmed by
laypersons. Table 2 summarizes the average andasthdeviation of

12 parameters measured by laypersons.
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Table 2. Descriptive statistics of each parametadl atatistics on
agreement of five laypersons

Parameter Average * St. dev p-value

|01 — 05| 10.73 £ 8.75 0.36
0./, 1.33+0.99 0.24
D,/D; 0.09 + 0.06 0.22
D/Ds 0.09 + 0.06 0.26
D./Ds 1.01 + 0.20 0.59
SIS 0.97 +0.39 0.66
SYS 0.68 +0.21 0.08
SIS 0.72 +0.20 0.13

SY(S1+S)) 0.35 + 0.09 0.10
SY(S1+5-Sy) 0.56 +0.19 0.08
03 3.99 + 5.82 0.27
D4/Ds 0.99 + 0.07 0.08

Among 12 parameters obtained by the computerysisalwhich
parameters best reflected the grades given by susgeere determined,
by obtaining the correlation coefficients) (between the parameter
values and the surgeon’s grades. In Table 1, b@s1&nd D4/D5
shows insignificance with very low correlation dogénts,
respectively {= -0.10; p=0.357y=0.12; p=0.293). Table 3 summarizes
these results. The reason of insignificant conaat might be as
follows: The repaired cleft lip nasal deformity gedis had D4 and D5

similar to the normal subjects. For the normal c&s& = D5, D4/D5
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becomes 1. In the case of S1=S2, S&3Me ratio of the area unrelated
to the symmetry and shape of nostrils, hence, é@véms close to 1, it

does not assure perfect nostrils .

Table 3. Correlations and significances betweenramee value of
plastic surgeon’s grade and 12 parameters

Parameter Correlation coefficient p-value
|61 —65| -0.55 0.000
01/6, -0.28 0.008
D,/D; -0.70" 0.000
D,/Ds3 -0.71 0.000
D1/Ds 0.23 0.035
S -0.10 0.357
SIS 0.68" 0.000
SIS, 0.63" 0.000
SY(S+S) 0.77° 0.000
SY(S1+S-Ss) 0.80" 0.000
03 -0.39" 0.000
D4/Ds 0.12 0.293

" Correlation is significant at the 0.01 level (2i¢dl)
" Correlation is significant at the 0.05 level (ded)

All the remaining 10 parameters showed statisycaiignificant
correlation coefficients, ranging from -0.71 to @.&herefore, they

were used as contributing parameters for the faflgwegression
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equation. The fitness of the regression equatibe, hlomogeneity
against residual errors, the normality and the pedeency were all
within 95 % confidence level. As a result of reggien analysis, four

parameters were retained in the regression equgjon

Evaluation grade =

40.068+ 96.779i -0.558|81-62|-0.91593 - 26.082% (2)

S1+S2-S3

From left to right in the regression equation, cimition weight of

the parameter to the evaluation grade decreaseshelnregression

equation, ——— is a parameter which normalizes the
S1+S2-C3

overlapping area of normal and abnormal nostrilss Thormalization
of the overlapping area contributes the evaluagpade the most
among four parameters retained in the equations Tdlis that the
repaired cleft lip nose deformity subjects normatigve noticeable
nostril area difference|f1-62| is a difference in angles of central
point of the two nostrils and the horizontal lineder the nose 43 is

an angle between connected line of two Cupid’'s lama horizontal

line of labial fissure.s—Sg is a ratio of abnormal nostrii and
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overlapping area. These four parameters were foae contributing
factors to the evaluation score. From left to rightthe regression
equation, contribution weight of the parameterte évaluation grade
decreases.

Another regression analysis was carried out to fiogt the
contribution of labial shape to the evaluation graés a result, three

parameters were retained in the regression equg)on

Evaluation grade (without lip parameters) =

34.480+106009— > —0.549|61- 62| -30.840>> (3)
S1+S2-S3 2

~ ~

By applying appropriate values to the regressiaméqn, evaluation
grades of five laypersons were computed. Gradesirdst from

regression equations are listed in the appendix.
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5.2 Correlation analysis

5.2.1 Plastic surgeons

Each of five plastic surgeons performed the visnspection on 85
on-screen digital photographs three times using ddift scales with
10 point intervals. Three sets of assessment wertormed in the
interval of one week. This eliminates bias whenl@ating the same
pictures of three sets. Correlation analysis wasopeed to find out
the agreement between five evaluations performedfil®y plastic
surgeons. Table 4 summarizes the obtained coworlatbefficients
values. Evaluation grades given by five plastiggeons were strongly
correlated since all of the coefficients values avgreater than 0.7.
Even though surgeon’s grading was subjective vigugdection, each
surgeon seemed to have relatively common grademgdard. Mean of

correlation coefficient values from all five plassurgeons were 0.804.
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Table 4. Correlation coefficients between evalusiperformed by five
plastic surgeons

Correlation Surgeon Surgeon Surgeon Surgeon Surgeon

coefficient I Il 1] v Vv
Surgeon | 1 - - - -
Surgeon |l  0.91° 1 - - -
Surgeon Il 0.89° 0.90° 1 - -
Surgeon IV 0.71° 0.79 0.72° 1 -
SurgeonV  0.77° 0.79 0.78 0.80° 1

" Correlation is significant at the 0.01 level (2¢d)
Note: Mean of all correlation coefficient value® 80

5.2.2 Laypersons

Each of five laypersons analyzed 85 on-screen aligihotographs
three times by using the developed assessmentatulevaluation
grades were obtained from the regression equafpnHach of five
laypersons analyzed 85 on-screen digital photogrdplree times by
using the developed assessment tool and evaluarades were
obtained from the regression equation. Correlaioalysis was used to

find out the agreement between five evaluation ggaobtained from
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five laypersons. Table 5 summarizes the obtainedrelation

coefficients values.

Table 5. Correlation coefficient between evaluatgnades obtained
from five laypersons

Correlation  Lay | Lay Il  Lay Il Lay IV  LayV
coefficient
Lay | 1 - - - -
Lay Il 0.92" 1 - - -
Lay Il 091"  0.90° 1 - -
Lay IV 092" 089 089 1 -
Lay V 090 0.90° 089 086 1

" Correlation is significant at the 0.01 level (2¢d)
Note: Mean of all correlation coefficient value® 90

As shown in Table 5, evaluation grades by five &agpns were
strongly correlated since all of the coefficientédues were greater than
0.7. Mean of correlation coefficients from all fileeypersons were 0.90
which was better than correlations of five plagticgeons (0.80). In
Figure 12, x-axis represents mean grades of fiastiol surgeons, and

y-axis represents mean grades of five laypersomg ubke developed
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assessment tool. Correlation coefficient betweenttéo was found to

be 0.86.
r=0.86
100, 00—
80, 00
@
o]
O
w)
=
O o.00
7]
]
D
fe) ]
@
2 45 00
o
20,00 2 Y=17.808+0.736 X

T T T T T T T T
30.00 40.00 50.00 G0.00 T0.00 8000 00.00 100. 00

Doctor Score

Figure 12. Graph showing correlation relationshiptween mean
grades obtained from five plastic surgeons andliypersons

Another graph of correlation relationship betweeaam grades of
five plastic surgeons and five laypersons was abthiln figure 13, x-
axis represents mean grades of five plastic sugjepaxis represents
mean grades of five laypersons obtained from regyasequation

formulated without lip parameters. Correlation ¢oefnt was found to
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be 0.84.

r=0.84

100, 00—

B0. 00—

G0, 00—

40, 00—

Regression Score without lip

2000 Y=19.708+0.699X

T T T T I T T I
a0.00 40,00 50.00 50,00 70.00 80.00 £0.00 100. 00

Doctor Score

Figure 13. Graph showing correlation relationshiptween mean
grades obtained from five plastic surgeons andléypersons (without
lip parameter)

Correlation coefficient obtained from Figure 13 wadittle higher
than that of Figure 12. This result tells that ustbn of lip parameters
in the assessment tool provides more accurate ai@u grades

regarding grades given by plastic surgeons.
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5.2.3 Neural network

The developed multilayer neural network system iptet)
evaluation grades and its correlation coefficigatdoctor’'s grade were
obtained. Since the numbers of nodes in the hidiager might affect
output grades, training was carried out by altetimgnumber of hidden
nodes from 2 to 10. Table 6 summarizes the obtaic@uelation

coefficients between grades of neural network aradad.

Table 6. Correlation coefficients between gradeseafral network and
plastic surgeons

Number of Nodes Correlation coefficients to doctor’s

grade
Node 2 0.83
Node 3 0.84
Node 4 0.84
Node 5 0.85
Node 6 0.85
Node 7 0.86
Node 8 0.86
Node 9 0.86
Node 10 0.87

The correlation coefficients of subjective gradggh®e surgeons and

those estimated by the neural network were fourizet6.83, 0.84, 0.84,
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0.84, 0.85, 0.86, 0.86, 0.86, and 0.87, respegtifel the increased
number of hidden nodes from 2 to 10. The networkhvili0 nodes
exhibited the best correlation coefficient of 0.8lbwever, in the case
that the number of hidden nodes is greater thaegoal to the number
of input nodes, the case with overfitting may bevedeped [38].

Therefore, the optimum number of hidden nodes vedsrohined to be
9 with the correlation coefficient of 0.86. Evaleat grades provided
by the neural network are listed in the appendix.

Figure 14 represents the graph showing correlatelationship
between mean grades obtained from five plasticesurg and grades
given by neural network. Regression equation andrahenetwork
provided the same correlation coefficient valu® &6. This result tells
that the both method formulated the best possibteo$ evaluation

grades similar to the grades given by plastic sunge
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r=0.86
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Figure 14. Graph showing correlation relationshiptween mean

grades obtained from five plastic surgeons andateatwork
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5.3 Statistics on evaluation grades

Reproducibility refers to the ability of a test experiment to be
accurately produced by someone working indepengdnils obtained
by the following equation (4).

Sd.Dev

reproducibility = x100% (4)
n

Table 7 summarizes the reproducibility (%) obtainfedm five
plastic surgeons. Mean grade and reproducibilitg@®hormal subjects
and 65 cleft lip nose deformity subjects were founde 94.7, 3.2%
and 56.4, 14.6%, respectively. Plastic surgeonse gsignificantly
higher grades to the normal subjects than didapedrsons. This could
be explained on the basis that normal subjectsoddave any surgery
marks on their faces. Both mean grades of 94. 7584 are reasonable.
However, such a good reproducibility of 20 normabjsects compared
to 65 cleft lip nose deformity subjects seems ualskvaluations

performed by plastic surgeons were lacking conscste
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Table 7. Reproducibility of grades evaluated by fplastic surgeons

Normal (n=20)
Mean St. Dev  Reproducibility (%)

Surgeon 1 97.7 0.9 0.9
Surgeon 2 90.8 4.9 5.6
Surgeon 3 88.2 5.6 6.4
Surgeon 4 99.0 0.9 1.0
Surgeon 5 98.0 2.0 2.1
Total 94.7 2.9 3.2
Patient (n=65)
Surgeon 1 50.5 8.8 21.7
Surgeon 2 494 7.1 15.3
Surgeon 3 56.7 5.0 8.9
Surgeon 4 51.2 8.0 18.9
Surgeon 5 74.5 5.8 8.2
Total 56.4 6.9 14.6

Table 8 summarizes the mean grade and reprodutgilobtained
from five laypersons. Mean grade and reproducibitf 20 normal
subjects and 65 cleft lip nose deformity subjeatsenfound to be 86.2,
6.4% and 59.4, 9.6%, respectively. Evaluations queréd by five
laypersons were proven to be consistent with be®producibility

from both subjects compared to that of plastic song.
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Table 8. Reproducibility of grades evaluated by fi@ypersons

Normal (n=20)
Mean St. Dev  Reproducibility (%)

Layperson 1 85.8 5.6 6.6
Layperson 2 87.9 5.4 6.2
Layperson 3 88.1 2.8 3.3
Layperson 4 81.2 6.7 8.4
Layperson 5 88.3 6.5 7.4

Total 86.2 5.4 6.4

Patient (n=65)

Layperson 1 58.8 5.1 9.2
Layperson 2 62.1 6.1 10.7
Layperson 3 62.4 3.5 6.2
Layperson 4 54.7 6.1 12.2
Layperson 5 60.4 55 9.6

Total 59.7 5.3 9.6

Table 9 represents the summarized statistics ofuai@n grades
obtained from various methods used in this stude Tean grade of
normal subjects by plastic surgeons was greatheraidl from that of
layperson and neural network. Both mean grade®whal subjects by
layperson and neural network were very similar. nfrrthis table,
conclusion can be drawn that plastic surgeons nmadgubjective

judgment when evaluating normal subjects.
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Table 9. Statistics on evaluation grades

Normal
Mean Min Max
Surgeon 94.7 86.0 99.3
Regression  86.2 73.9 93.5
Neural 88.1 61.6 100.0
Patient
Mean Mean Mean
Surgeon 56.4 56.4 56.4
Regression  59.7 59.7 59.7
Neural 58.7 58.7 58.7
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6. CONCLUSION

The assessment of the surgical outcome of clefhdipal deformity
has been dependent upon subjective visual inspecdiothe plastic
surgeons rather than being objective. Past assassmethods using
two-dimensional media mostly have taken qualitatipproaches rather
than quantitative. This study applied regressiomaéqn to objectively
and quantitatively evaluate the surgical outcomeclefit lip nasal
deformity. This method has never been used ingtasies. The plastic
surgeon group showed high reproducibility when eatwhg pictures of
normal subjects but low reproducibility when evailog pictures of
repaired cleft lip nose deformity subject. The langons group showed
better reproducibility than the surgeons when eataihg patients group.
Consequently, the developed assessment tool apitagsic surgeons to
perform objective assessment and even non-spesiatigperform the
evaluation on normal or clef lip nasal deformitybmcts with
consistency and accuracy. In the future studyh&rroptimal analysis

parameters should be developed to get more quiarditvaluation.
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APPENDIX

Mean Grades obtained from various methods

Plastic _ Neural Regression (3)
Regression (2) i _

surgeons network without lip
1 94.00 80.76 91.09 75.82
2 98.00 90.02 85.56 87.10
3 46.00 47.55 44.25 42.90
4 78.00 83.54 81.92 77.88
5 64.00 64.09 54.92 51.93
6 42.00 57.72 55.29 50.93
7 64.00 82.60 59.26 75.94
8 48.00 44.05 52.14 41.94
9 68.00 64.10 67.81 51.47
10 60.00 59.27 53.56 45.23
11 60.00 60.28 49.16 55.80
12 96.00 88.43 85.33 82.96
13 52.00 71.97 58.19 67.06
14 84.00 82.19 85.75 78.84
15 72.00 76.62 73.39 61.31
16 94.00 84.54 91.78 77.74
17 62.00 60.87 61.41 43.71
18 58.00 75.14 57.00 63.86
19 96.00 95.11 94.56 91.41
20 100.00 94.81 96.93 91.53
21 78.00 84.34 85.11 79.39
22 48.00 67.73 49.82 44.93
23 48.00 62.29 47.15 57.36
24 94.00 86.66 96.06 79.72
25 70.00 89.56 77.80 81.76
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26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56

34.00
56.00
36.00
34.00
36.00
62.00
98.00
98.00
60.00
70.00
94.00
76.00
72.00
58.00
58.00
70.00
54.00
86.00
96.00
68.00
68.00
82.00
76.00
96.00
58.00
56.00
68.00
62.00
48.00
56.00
54.00

43.22
61.85
56.15
57.48
38.48
84.19
93.57
94.53
61.34
70.58
94.95
76.19
79.54
76.77
67.81
78.31
65.62
76.16
90.88
77.51
77.54
78.93
82.64
90.71
81.75
66.40
73.49
70.84
66.53
61.75
61.75
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32.91
52.67
52.80
43.65
36.47
71.38
98.71
99.77
46.81
66.55
96.32
67.61
69.30
67.83
55.16
70.24
57.67
72.50
86.79
59.85
66.20
76.02
80.90
99.48
69.83
52.11
62.12
63.58
56.70
55.46
55.67

32.80
50.76
52.00
37.66
25.16
78.40
90.99
90.35
46.95
65.33
91.13
76.57
67.29
61.24
52.97
69.95
47.15
68.96
86.98
64.56
70.73
69.75
74.34
86.09
81.21
55.96
53.97
60.27
59.36
53.74
47.58



57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85

92.00
50.00
74.00
54.00
64.00
98.00
74.00
56.00
54.00
44.00
68.00
84.00
48.00
96.00
38.00
64.00
96.00
64.00
60.00
86.00
80.00
56.00
90.00
50.00
44.00
38.00
76.00
96.00
68.00

87.96
74.23
84.56
71.61
80.46
92.28
77.14
91.27
78.51
57.58
61.92
84.61
54.58
88.35
53.57
77.20
89.98
81.19
69.90
83.65
84.34
63.12
86.29
60.40
63.82
40.08
81.32
79.12
77.76

81.71
52.91
70.60
51.91
69.27
94.16
63.65
86.50
61.19
46.90
64.25
77.85
50.03
89.71
38.87
64.59
89.55
78.62
58.48
88.05
85.75
55.01
88.40
54.97
55.39
37.30
69.44
75.89
75.60

82.12
52.81
76.45
54.72
70.81
89.53
66.25
89.65
71.73
47.04
52.22
78.02
46.39
85.46
38.53
64.87
83.77
69.01
50.72
79.57
79.93
57.02
85.36
51.70
57.74
31.32
85.10
70.64
63.50
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