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Introduction

Cleft lip and/or palate is the most frequently
occurring congenital anomaly in the cranio-facial area.
Effective treatment planning for such patients would allow
them to avoid secondary deformation of dental arches and
malocclusions as well as to minimize treatment time and
costs. Orthodontically critical period for treatment of such
patients is the mixed dentition period, when intensive
growth and development of maxillo-facial system takes
place. Individuals who have undergone surgical repair of a
cleft lip and palate exhibit marked restriction of mid-face
growth anteroposteriorly and transversally [1]. This is
attributed to the restraining effect of the scar tissue.

The aim of the study was to establish the most
informative morphological criteria of maxillary dental arch
allowing to predict the need for orthodontic treatment and
to develop the mathematical model predicting the need for
orthodontic treatment of complete unilateral cleft lip and
palate during the period of mixed dentition.

Description of the method

The study was based on examination of 40 patients
(mean age 6.4+0.4 years) with congenital non-syndromic
complete unilateral cleft lip and palate according to
elaborated study plan and the data collection questionnaire.
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During examination of occlusion anteroposteriorly
overjet was evaluated, i.e. distance between incisal edge of
the upper central incisor and the labial surface of the lower
central incisor was measured parallel to the occlusal plane.
Dentition was regarded as normal (positive overjet) when
in centric occlusion incisal edges of lower incisors occlude
into the lingual surface of the upper incisors or when they
are in a more distal position from the lingual surface of
upper incisors. Malocclusion (negative overjet) was when
incisal edges of lower incisors were ahead of the lingual
surface of wupper incisors. Dental arch relationship
anteroposteriorly was assessed according to 5-Year-Old’s
Index, proposed by N. Atack and co-workers in 1997 for
complete unilateral cleft lip and palate patients [2].
According to diagnostic models dental arch relationship
was assessed by a 5 point scale, where 1 corresponded to
an excellent outcome, and 5 — to a very poor outcome (Fig.
D) [3]

The analysis of occlusion transversally included the
assessment of the relationship between dental arches in the
area of second deciduous molars. Normal occlusion (no
crossbite) was stated when in centric occlusion buccal
cusps of lower molars fit into the intercuspal groove of
respective upper molars. Malocclusion (crossbite) was
considered when buccal cusps of upper molars fit into the
intercuspal groove of respective lower molars. The
analysis of occlusion and the form of maxillary dental arch
was performed by assessment of the degree of posterior
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and anterior crossbite according to Huddart and Bodenham @

assessment scale [4], modified by Heidbuchel (Fig. 2) [5]. % % §

Fig. 2. Huddart’s scoring of buccolingual dental relationship

In the maxillary dental arch of patients 2 buccal (cleft
and noncleft sides) and one frontal segment were selected
for analysis. In the buccal segments the relations of upper
second deciduous molars and deciduous canines to
mandibular dental arch were assessed. In the frontal
segment, the relation of the upper incisors to mandibular
dental arch was evaluated. According to diagnostic models,
recorded in the centric occlusion, occlusion relations of
dental arches were assessed by a 5-point scale, with (+1)
corresponding to an excellent result, and (-3) to a very poor
result.

Measurements of maxillary diagnostic models of the
studied subjects were performed in 3D computerized
images. The three-dimensional scanner based on the laser
triangulation method was used for scanning dental casts [6,
7]. Analysis of diagnostic models included assessment of
length, width of dental arches and their relationship
anteroposteriorly and transversally, height of palate and the
shape of maxillary dental arch.

Four auxiliary points P;, P,, P; and P, were manually
captured on each dental cast 3D model to define the
positions of midincisal points of the central incisors. The
position of each point is selected on the incisal edge. The
coordinates x, y and z of the midpoint P;; of the incisor
surface (Fig. 3) when these points are given by their
cartesian coordinates in a 3 dimensional space are:

N
s mp——— e

_ x1+x2
2 b
"
€ y=H222 Q)
\, .: 2
_ Z1 +22

B
i
5 i

Fig. 1. Index of treatment and prognosis of 5-year-old complete 2
unilateral cleft lip and palate patients
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In the same way the coordinates of midpoint P;, were
calculated.

Additional two points Ps; and Ps,, manually captured
on each dental cast 3D models are the distolingual cusp
tips of the second primary molars. For each 3D model of
upper jaw, a numerical matrix was created and stored in a
data file.

Using the position information of points P;;, P;, and
(1) equations, the coordinates of midpoint P, were
calculated. In the same way, using the position information
of points Ps;, Ps, the coordinates of midpoint P., were
calculated.

*Point1: 19.08500, -86.64000, 7.33500
* Point2: 13.67500, -63.14000, 11.33000

* Distance : 24.44337 mm

* Displacement : -5.41000, 23.50000, 3.99500

Fig. 3. Capturing of (x, y, z location coordinates of pixels
representing location of the anatomical points

The arch width (distance 5-5’) is the Euclidean
distance between pOintS P51()C51,y51,251) and P52()C52,y52,252)
and can be expressed as:

Width = \/(X51 - X52)2 +(ys1 - yo) H(@-zm) . @

The Euclidean distance between points P.; and P,
calculated using (1) equation represents the arch length.

For the evaluation of arch height the orientation of
the occlusal plane was determined. 3D numerical data
matrix of coordinates of points Ps;, Psy P;;, P;; were used
for determining the orientation of the occlusal plane.
Principal Components Analysis (PCA) can be used to fit a
linear regression that minimizes the perpendicular
distances from the data matrix to the fitted model. This is
the linear case of what is known as Orthogonal Regression
[8]. The coefficients for the first two principal components
define vectors that form a basis for the plane. The third
principal component is orthogonal to the first two, and its
coefficients define the normal vector 77 of the plane. The
equation of the fitted plane is:

[xyz]- 0+ M- -7=0, (3)

here M=[x ¥ Z|— coordinates of centered point.

In the next step we created the plane perpendecular to
occlusal plane. The normal vector of the occlusal plane
should lie within new plane and intersecting line should

overlap vector P, P, (Fig. 4). This operation can be
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easily performed using reverse modelling software
package RapidformTM 2006. The nearest distance
between midpoint P, and the line, representing
intersection of new plane and model surface, is the height
of palate (distance P, - P, ).

*Point 2: 19.08500, -86.64000, 7.33500
* Distance : 14.25450 mm
* Displacement : 0.94158, -2.18560, 14.05445

Fig. 4. Measurement of arch length (distance P.,-P.;), arch
width(distance Ps;-Ps,) and palate height (distance P-P,)

Discriminant analysis was performed by using
statistical analysis software SPSS 16.

Results

When  analysing  occlusion  anteroposteriorly
according to overjet the patients were grouped into normal
(positive overjet) and abnormal (negative overjet)
occlusion. When classifying children according to the 5-
Year-Old’s Index of treatment outcome and prognosis,
long-term prognosis of excellent and good treatment
outcomes were classified as normal, whereas long-term
prognosis of satisfactory, poor and very poor treatment
outcomes were classified as abnormal. The analysis of
occlusion transversally according to the relationship of
second deciduous molars included the division of patients
into two groups: normal (no crossbite) and abnormal
(crossbite) occlusion. Classification of patients according
to Huddart scale included assessment of the relations of
upper second deciduous molars to mandibular dental arch
in the buccal segments of the cleft side using a 5-point
scale: (+1) and (0) points were ascribed to the norm group,
and negative points to the abnormal group. Discriminant
analysis was performed in order to select the most
informative maxillary morphological criteria, allowing to
predict orthodontic treatment need, i.e. to group patients
into norm and anomaly groups according to measurement
indices. Step-by-step procedure allowed selecting
statistically ~ significant indices and evaluating the
effectiveness of prediction of orthodontic treatment need.

For prediction of orthodontic treatment need
assessing  occlusion anteroposteriorly, discriminant
analysis was performed according to the following
maxillary morphological criteria: dental arch width in the
area of second deciduous molars, dental arch altitude
length, the height of palate in the area of second deciduous



molars, and dental arch width in the area of the deciduous
canines.

After one step convergence procedure, the only
statistically significant indicator was dental arch altitude
length. Other indicators were rejected by discriminant
analysis procedure as statistically non-significant (p>0.05).

Coefficients of Fisher’s linear discriminant functions
are presented in Table 1.

Table 1. Coefficients of Fisher’s linear discriminant functions for
prediction of orthodontic treatment need assessing occlusion
anteroposteriorly

Maxillary Assessment of occlusion
morphological anteroposteriorly
criterion norm anomaly
Maxillary dental arch 6,162 5,460
altitude length
Constant -84,246 -66,291

Prediction of orthodontic treatment need when

assessing occlusion anteroposteriorly is presented in Table
2.

Table 2. Prediction of orthodontic treatment need when assessing
occlusion anteroposteriorly

Orthodontic treatment | Orthodontic treatment need
need when assessing when assessing occlusion | Total
occlusion anteroposteriorly
anteroposteriorly predicted class
observed class norm anomaly
norm 12 3 15
anomaly n 5 15 20
norm 80 20 100
anomaly % 25 75 100

Mean effectiveness of prognosis is 77.1 percent.

For prognosis of new cases using the same method,

values of discriminant functions in cases of norm ( f,) and

anomaly ( f ) should be calculated:

£,=-84.246+6.162* x,
£, =-66.291+5.460 * x, “

here x — maxillary dental arch altitude length.

The case then is ascribed to that class according to the
need for orthodontic treatment in anteroposterior direction,
which has the highest value of the function.

In order to find the optimal point in maxillary dental
arch altitude length, discriminating the norm and anomaly,
and reaching the highest sensitivity, while retaining the
highest specificity, linear diagrams (ROC curves),
reflecting sensitivity and specificity of each point were
drawn. The point of concurrent curves was regarded
optimal at significantly high precision of prognosis.

Finding estimates of optimal point in maxillary dental
arch altitude length, discriminating the norm and anomaly
is shown in the linear diagram in Fig. 5.

As we can see, the optimal point, discriminating norm
and anomaly, is equal to 26.5 mm. At this point, sensitivity
of maxillary dental arch altitude length is 0.80, and
specificity is 0.85.
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Fig. 5. Finding of optimal point in maxillary dental arch altitude
length, discriminating the norm and anomaly

Accordingly, for prediction of orthodontic treatment
need assessing occlusion transversally, discriminant
analysis was performed according to the following
maxillary morphological criteria: dental arch width in the
area of second deciduous molars, dental arch altitude
length, the height of palate in the area of second deciduous
molars, and dental arch width in the area of the deciduous
canines.

After one step convergence procedure, the only
statistically significant indicator was dental arch width in
the area of second deciduous molars. Other indicators were
rejected by discriminant analysis procedure as statistically
non-significant (p>0.05).

Coefficients of Fisher’s linear discriminant functions
are presented in Table 3.

Table 3. Coefficients of Fisher’s linear discriminant functions for
prediction of orthodontic treatment need assessing occlusion
transversally

Maxillary Assessment of
morphological occlusion transversally
criterion norm anomaly
Maxillary dental arch width in the 8,297 7,729
area of second deciduous molars
Constant -152,358 -132,289

Prediction of orthodontic treatment when assessing
occlusion transversally is presented in Table 4.

Table 4. Prediction of orthodontic treatment need when assessing
occlusion transversally

Orthodontic treatment | Orthodontic treatment need
need when assessing when assessing occlusion Total
occlusion transversally | transversally predicted class
observed class norm anomaly
norm 11 3 14
anomaly n 4 15 19
norm 78,6 214 100
anomaly % 21,1 78,9 100

Mean effectiveness of prognosis is 78.8 percent.

For prognosis of new cases using the same method,
values of discriminant functions in cases of norm ( £},) and

abnormality ( £,) should be calculated:
fn =—152358+8.297*x',

n

1 =-132289+7.720* ', ®)



here X— maxillary dental arch width in the area of second
deciduous molars.

The case then is ascribed to that class according to the
need for orthodontic treatment transversally, which has the
highest value of the function.

In order to find the optimal point in maxillary dental
arch width in the area of secondary deciduous molars,
discriminating the norm and anomaly and reaching the
highest sensitivity, while retaining the highest specificity,
linear diagrams (ROC curves), reflecting sensitivity and
specificity of each point were drawn.

Finding estimates of optimal point in maxillary dental
arch width in the area of secondary deciduous molars,
discriminating the norm and abnormality in transversal
direction is shown in the linear diagram in Fig. 6.

As we can see, the optimal point, discriminating norm
and abnormality, is equal to 36.3 mm. At this point,
sensitivity of maxillary dental arch width in the area of
secondary deciduous molars is 0.84, and specificity is 0.79.
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Fig. 6. Finding of optimal point in maxillary dental arch width in
the area of secondary deciduous molars, discriminating the norm
and anomaly

Assessment of the treatment outcomes of congenital
cleft lip and palate is especially difficult due to scarce
prevalence and complex care. Final decisions regarding the
treatment outcome in this anomaly is possible after long-
term follow up only.

Conclusions

1. The length of maxillary dental arch altitude proved to
be the most credible morphological criterion for
evaluation of occlusion anteroposteriorly (77.1 percent
prognostic value) in children with complete unilateral

cleft lip and palate in order to predict orthodontic
treatment need during the period of the early mixed
dentition.

2. The width of maxillary dental arch in the area of
second primary molars proved to be the most credible
morphological criterion for evaluation of occlusion
transversally (77.8 percent prognostic value) in
children with complete unilateral cleft lip and palate in
order to predict orthodontic treatment need during the
period of mixed dentition.

3. Long-term follow up is required in order to confirm
effectiveness of cleft care.
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The aim of study was to determine the most informative morphological criteria of maxillary dental arch for mathematical prediction
of orthodontic treatment need for complete unilateral cleft lip and palate patients. Study was based on examination of 40 patients (mean
age 6.4+0.4 years) with congenital non-syndromic complete unilateral cleft lip and palate according to elaborated study plan.
Measurements of maxillary diagnostic models of the studied subjects were performed in 3D computerized images. The three-
dimensional scanner based on the laser triangulation method was used for scanning dental casts. Analysis of diagnostic models included
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maxillary dental arch. Dental arch relationship anteroposteriorly was assessed according to 5 — Year-Old Index for complete unilateral
cleft lip and palate patients. The analysis of occlusion and the form of maxillary dental arch was performed by assessment of the degree



of posterior and anterior crossbite. Discriminant analysis was performed by using statistical analysis software SPSS 16. The length of
maxillary dental arch altitude proved to be the most credible morphological criterion for evaluation of occlusion anteroposteriorly (77.1
percent prognostic value) in children with complete unilateral cleft lip and palate in order to predict orthodontic treatment need during
the period of early mixed dentition. The width of maxillary dental arch in the area of second primary molars proved to be the most
credible morphological criterion for evaluation of occlusion transversally (77.8 percent prognostic value) in children with complete
unilateral cleft lip and palate in order to predict orthodontic treatment need during the period of mixed dentition. Long-term follow up is
required in order to confirm effectiveness of cleft care. I11. 6, bibl. 8, tabl. 4 (in English; abstracts in English, Russian and Lithuanian).

A. Bacuasyckac, A. Iumnayckac, B. Ilagepuc, P. Anamxksasuuroc, J. JlunksiBuuyeHe. HMcnoab3oBaHHe TpeXMepHOro
CKAHHPOBAHUS BepXHell YeTlocTH ISl MaTeMaTH4ecKOro MPOrHO3MPOBAHUS MOTPeOHOCTH OPTOJOHTHYECKOro JedeHHus
00JILHBIM € TOJHBIM OJHOCTOPOHHMM HecpalleHHeM BepXHeil ry0bl, ajBeoJISIDHOIO OTPOCTKA BepxXHeil YealocTH U Heda //
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Iens paboTsl — ycTaHOBHUTH Haitbonee MH(QOpPMATHBHBIE MOP(OIOTHYECKIE KPUTEPHH BEPXHEH UYENIOCTH JUIl NMPOTHO3UPOBAHUS
HOTPEOHOCTH OPTOAOHTHYECKOTO JICUYCHUS IAlMeHTaM C ITOJHBIM OJHOCTOPOHHHM HECpPAaIleHHEM BEpXHEH TyObl, aJBEOJIIPHOTO
OTPOCTKA BEpXHEH YeNIOCTH M Heba B paHHEM IIepHOJie CMEHHOT0 NpUKyca. AHaJIM3UPOBaHbI JaHHbIe 40 MareHToB (CpeaHuUH BO3pacT-
6,440,4 11eT) ¢ HeCHHAPOMHBIM BPOXKIECHHBIM ITOJIHBIM OJHOCTOPOHHUM HECpPAIlleHUEM BepXHeH I'yObl, allBeOJSIPHOTO OTPOCTKA BepXHEH
4yemocTH U HebOa. M3MepeHus BepXHEH YemrOCTH MPOU3BEICHBI Ha JUATHOCTUUECKUX IMU(MPOBBIX TPEXMEPHBIX MOJEIAX, MOIYyIEHHBIX
CKaHMPOBAaHMEM TPEXMEPHBIM CKaHEPOM, OCHOBAHHBIM Ha METOJE JIA3e€pHOH TPHUAHTY ALK, Ha TnarHocTHYeCKNX MOJEISIX OLCHHBAIN
JUIMHY ¥ HIMPUHY 3YOHBIX PSZIOB, MPUKYC B CAarMTTaIbHOM M TPAaHCBEP3albHOM HAMpaBICHUSX, ITyOMHY HEOHOro cBoja M (opmy
3yOHBIX pSAIOB BepxHeH democTu. [Ipukyc B carnTTaabHOM HAMpPaBICHUH OLIEHWBAIH 110 MHIAEKCY pe3yabTaTa U MPOTHO3a JICUSHUS IS
JieTel MATHIETHEro Bo3pacTa ¢ MOJHBIM OJJHOCTOPOHHHM HECpallleHHeM BepXHel IyObl, aJBeOIPHOTO OTPOCTKA BEPXHEW UYENIOCTH U
HeOa. AHanm3 nmpukyca ¥ (GOpMBI 3yOHBIX PSJOB BEPXHEH UYENIOCTH OBbLT IPOM3BENEH MO CTENEeH! NEePeKPEecTHOro MPUKyca OOKOBBIX U
HnepeHnX 3y0OB. YCTAaHOBIIEHO, YTO JUIMHA 3YOHOTO psiia BepXHEH YENIOCTH SBISETCS eIMHCTBEHHBIM CTAaTUCTHYECKH 3HAYMMBIM
MOP(}OJIOTHUECKUM KPUTEPUEM JJIsS MPOTHO3UPOBAHUS ITOTPEOHOCTH OPTOJOHTHYECKOTO JICUEHHs] OLIEHMBAs NPUKYC B CarHTTAITEHOM
HampaBieHnn (cpenHee 3pdexkTHBHOCTh Mporao3upoBanus 77,1%) OeTsM ¢ MOJTHBIM OZHOCTOPOHHMM HECpAIIeHHEeM BepXHeH IyOsl,
AJIBEOJIIPHOTO OTPOCTKA BEPXHEH UenmrocTH 1 Heb6a B paHHEM IepHOJAe CMEHHOTo mpukyca. lllupuHa 3y0HOTO psia MEXmy BTOPBIMHU
MOJIOYHBIMH MOJSPAMH SIBIISICTCSI €AMHCTBEHHBIM CTATHCTHYECKH 3HAYMMBIM MOP(OIOTMYECKHM KPHTEPHEM JUIS NPOTHO3UPOBAHHUS
MOTPeOHOCTH OPTOJOHTHYECKOTO JICYEHHUsS] OLEHHMBAas IPHKYC B TpPaHCBEP3aJbHOM HampaBieHUH (cpemHee A(PQPEeKTUBHOCTH
nporuo3upoBanus 78,8%) AETSIM C IOJHBIM OZHOCTOPOHHHMM HECpaLIeHHEM BEepXHeEil ryObl, aJIBEOJIIPHOTO OTPOCTKA BEPXHEH YeIIIOCTH
u Heba B paHHEM IepHoJie CMEHHOTo npukyca. M. 6, oubin. 8, tabi. 4 (Ha aHIIIMICKOM s13bIKe; pedepaTsl Ha aHTIINICKOM, PYCCKOM U
JIMTOBCKOM 513.).

A. Vasiliauskas, A. Sidlauskas, V. Saferis, R. Adaskevi¢ius, L. Linkevitiené¢. Matematinis ligoniy su visiSka vienpuse virSutinés
liipos, virSutinio Zandikaulio alveolinés ataugos ir gomurio nesaauga ortodontinio gydymo reikalingumo prognozavimas
erdviniu virSutinio Zandikaulio danty lanko skenavimu // Elektronika ir elektrotechnika. — Kaunas: Technologija, 2010. — Nr.
4(100). — P. 107-112.

Darbo tikslas buvo atrinkti informatyviausius virSutinio Zandikaulio morfologinius kriterijus, padedan¢ius numatyti, ar reikalingas
ortodontinis gydymas pacientams su visiska vienpuse virSutinés liipos, virSutinio Zandikaulio alveolinés ataugos ir gomurio nesaauga
ankstyvojo misriojo sakandzio laikotarpiu. Tyrimo medZziaga sudaré 40 pacienty (amziaus vidurkis — 6,4+0,4 m.) su nesindromine
igimta visiSka vienpuse virSutinés lGpos, virSutinio Zandikaulio alveolinés ataugos ir gomurio nesaauga. Tirtojo kontingento virSutinio
zandikaulio matavimai atlikti naudojant diagnostinius kompiuterinius modelius, gautus skenuojant erdviniu skeneriu, kurio veikimas
paremtas lazerio trianguliacijos metodu. Diagnostiniy modeliy analizés metu vertintas danty lanky ilgis, plotis, santykis sagitaline ir
transversaline kryptimis, gomurio aukstis ir virSutinio zandikaulio danty lanko forma. Danty lanky santykis sagitaline kryptimi vertintas
pagal penkiameciy, pacienty su visiska vienpuse virSutinés lipos, virSutinio zandikaulio alveolinés ataugos ir gomurio nesaauga gydymo
rezultato ir prognozés indeksa. SakandZzio ir virSutinio zandikaulio danty lanko formos analizé atlikta vertinant kryZminio sakandZio
laipsni Soniniy ir priekiniy danty srityje. ISeiciai prognozuoti pagal matavimo poZymiy reik§mes naudota diskriminantiné analizé, atlikta
programy paketu SPSS 16. Tyrimo metu nustatyta, kad virSutinio zandikaulio danty lanko aukstinés ilgis yra vienintelis statistiskai
reik§mingas morfologinis kriterijus ortodontinio gydymo reikalingumui prognozuoti, vertinant vaiky su visi§ka vienpuse virSutinés
lupos, virSutinio zandikaulio alveolinés ataugos, gomurio nesaauga sakandi sagitaline kryptimi (vidutinis prognozavimo efektyvumas
77,1 %) ankstyvojo misriojo sakandzio laikotarpiu. VirSutinio zandikaulio danty lanko plotis antryjy pieniniy kriiminiy danty srityje yra
vienintelis statistiSkai reik§mingas morfologinis kriterijus vaiky su visiSka vienpuse virSutinés ltipos, virSutinio zandikaulio alveolinés
ataugos, gomurio nesaauga ortodontiniam gydymui prognozuoti, vertinant sakandj transversaline kryptimi (vidutinis prognozavimo
efektyvumas 78,8 %) ankstyvojo misriojo sakandzio laikotarpiu. Pacientams su nesgauga biitina nuolatiné specializuota priezitira nuo
anomalijos diagnozavimo iki kompleksinio gydymo pabaigos. Il. 6, bibl.8, lent. 4 (angly kalba; santraukos angly, rusy ir lietuviy k.).
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