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Abstract 
Aim: Maxillary dental arch widths were evaluated in individuals having un-
ilateral (UCLP) and bilateral (BCLP) cleft lip and palate (CLP) using 
three-dimensional (3D) digital models. Material and Method: The study had 
been conducted on 80 individuals aged between 14 - 17 years having UCLP 
and BCLP. 40 of the individuals had UCLP, whereas 40 had BCLP. The max-
illary dental models taken from patients before the treatment were scanned 
using Orthomodel Programme (v.1.01, Orthomodel Inc., Istanbul, Turkey) to 
obtain 3D imagery. Student’s t-test was used in order to assess the data ob-
tained by using SPSS software version 22.0. Results: In BCLP, the average in-
ter-canine distance was 17.44 ± 1.31 mm, the average inter-molar distance was 
36.57 ± 1.12 mm, while inter-canine/inter-molar ratio was 0.47. Whereas in 
UCLP, it was 25.10 ± 0.63 mm, 42.20 ± 0.53 mm and 0.59. The inter-canine 
distance in UCLP was found to be large enough to be statistically significant 
(p < 0.01), whereas inter-molar distance was found not to be statistically (p > 
0.05), even though there were differences in inter-molar widths. Conclusion: 
For the stable orthodontic treatment results, one of the most important 
points is arch form and widths to be coherent with each other. In our study, 
the increase of inter-canine distance seen in UCLP indicates that in the cleft 
region, the maxillary arch is inclined over to the back, while the same situa-
tion in BCLP suggests that the maxillary segments are collapsed inside. The 
difference in the arch is highly affected by the primary surgical treatment. 
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Three-Dimensional Digital Models 

 

1. Introduction 

The patients with cleft lip and palate (CLP) are associated with certain anatomi-
cal defects. The lip, nose and alveolus have a cleft at the right or left side or bila-
teral cleft on each side. The cleft then continues into the palatal part of the max-
illa and separates the palatal bone at the level of the nasal septum. In unilateral 
clefts (UCLP), the alveolar arch and palate are separated into a large and a small 
segments. In bilateral clefts (BCLP), the alveolar arch and palate are separated 
into two small segments. Maxillary arch dimensions are generally reduced in pa-
tients with CLP and are more reduced with complete clefts than with incomplete 
clefts. The primary surgical repairs affect the maxillary arch dimensions in pa-
tients with CLP. Lip repair in CLP has a moulding effect on the forward and 
outward rotated segments, and the surgical closure of the palate in both UCLP 
and BCLP children affect the growth of the maxillary arch in transverse and the 
antero-posterior dimensions [1]-[7]. 

With the help of Goslon Yardstick and the 5-Year-Old Index, maxillary arch 
constriction and occlusion can be evaluated from dental models in patients with 
CLP. However, as they are exclusively made for scoring patients with UCLP, a 
calibration course is needed to use the indices [4] [5]. Another crossbite scoring 
method is developed by Huddart and Bodenham to evaluate the maxillary arch 
constriction in patients with CLP [8]. It is more reliable to interarch discrepan-
cies and correlate with the 5-year-old and Goslon indices [4] [5] [7] [8]. This 
method can be used on the cast or on the digital photographs of study models in 
BCLP and UCLP patients [8]. 

Impressions of the dental arches give a way to evaluate and compare the re-
sults of patients with CLP. From the impressions, dental plaster casts are made 
and these are used for measurements where parameters are performed and used 
to compare the patients having different types of clefts. 3D digital models are 
being used much more in recent years and they are alternative to conventional 
measurements on plaster models. High degree of validity is achieved by digital 
models, which are clinically acceptable. Linear and angular measurements which 
describe the arch form and palatal morphology, can be assessed. More recently, 
several studies used different three-dimensional (3D) imaging systems to accu-
rately record the upper arch and palate in cleft subjects [8] [9] [10] [11] [12].  

The aim of this study was to evaluate and compare arch widths using 3D digi-
tal study models in individuals with UCLP and BCLP. 

2. Material and Method 

The study has been conducted on 80 individuals aged between 14 - 17 years (40 
male, 40 female) each having BCLP and UCLP primary and secondary CLP who 
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referred to Ege University, Faculty of Dentistry Department of Orthodontics. 40 
of the patients had BCLP, whereas 40 of them (18 right, 22 left) had UCLP. The 
maxillary dental models taken from patients were scanned with an orthodontic 
3D scanner and the inter-canine and inter-molar widths and the ratio between 
these measurements were done by using Orthomodel Programme (v.1.01, Or-
thomodel Inc., Istanbul, Turkey).  

The inclusion criteria were as follows: 
Patients with UCLP and BCLP aged between 14 - 17 years. 
The regular and unbroken maxillary dental models taken from patients before 

orthodontic treatment were chosen. 
The exclusion criteria were as follows: 
Patients with UCCLP and BCLP not aged between 14 - 17 years. 
The irregular and broken maxillary dental models taken from patients before 

orthodontic treatment were not included to this study. 
All the patients had orthodontic treatment later. 
The measurements used in this study to evaluate maxillary dental arch widths 

in BCLP and UCLP patients were (Figure 1): 
Inter-canine distance (mm): the distance between the tip of the canine tooth 

in the right and left segments in the maxillary segment. 
Inter-molar distance (mm): the distance between the median point of pala-

tinal and buccal tubercle of first molar tooth in the right and left segments in 
maxillary segment. 

The number of the patients to be included in the study was determined by 
power analysis carried out by using the G Power analysis software. Student t test 
was utilized in order to assess the data obtained. Statistical significance was set at 
p < 0.05.  

The principles outlined in the Declaration of Helsinki were followed. In-
formed consents were signed by the parents of all the patients.  

3. Results 

Power analysis was performed by the computer program G power to determine 
and all sample sizes were required to achieve a representation rate of over 80%. 
All measurements were repeated by the same observer over 10 randomly selected 
dental casts at least two weeks later for intra-observer reliability. 
 

 
Figure 1. 3D digital models in UCLP and BCLP. 
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In 40 individuals having BCLP aged between 14 - 17 years, the average in-
ter-canine distance was 17.44 ± 1.31 mm, the average inter-molar distance was 
36.57 ± 1.12 mm, while inter-canine/inter-molar ratio was 0.47. Whereas in 40 
individuals having UCLP (18 right, 22 left), the average inter-canine distance 
was found to be 25.10 ± 0.63 mm., the average inter-molar distance was 42.20 ± 
0.53 mm, while inter-canine/inter-molar ratio was 0.59. The inter-canine dis-
tance in UCLP were found to be large enough to be statistically significant (p < 
0.01), whereas inter-molar width were found not to be statistically (p > 0.05), 
even though there were differences in inter-molar widths. Besides, there was no 
statistically difference in inter-canine/inter-molar ratio in the two groups (p > 
0.05) (Table 1, Figure 2). 

4. Discussion 

It has to be considered that in CLP patients, narrow upper arch is mostly seen 
which is a result of surgical treatment. Also, it is found out that untreated adults 
with CLP have reduced upper widths [1] [2] [3] [4]. This shows us that the rea-
son of the constriction of the upper arch is not only caused by early surgical 
procedures but also caused by deficient palatal growth resulted because of the 
pressure of the surrounding tissues and maxillary segments and space between 
the palatal halves. Anterior part of the dental arch of patients with CLP is affected 
by the lip repair surgery, which causes a restrictive shaping effect. Orthopedically  
 
Table 1. Maxillary dental arch widths in UCLP and BCLP (p < 0.01**). 

 
inter-canine 

distance (mm) 
x     SD 

p value 
inter-molar  

distance (mm) 
x     SD 

p value 
inter-canine/  

inter-molar ratio 
p value 

UCLP 
N:23 

25.10 ± 0.63 
0.002 

** 
42.20 ± 0.53 

0.332 
NS 

0.59 
0.523 
NS 

BCLP 
N:27 

17.44 ± 1.31  36.57 ± 1.12  0.47  

 

 
Figure 2. The comparison of maxillary dental arch widths in UCLP and BCLP (p < 0.01**).  
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or orthodontically untreated patients who are in the mixed dentition having CLP 
show different upper arch morphology with maxillary constriction [9]-[16].  

As the result of the reduced transverse maxillary arch widths, crossbite is an 
early and common malocclusion in children with CLP. For UCLP patients, in-
vestigators reported that anterior crossbite ranges from 7% to 64% and posterior 
crossbite ranges from 30% to 97%. But in only cleft palate patients, the reported 
frequencies are lower, ranging from 14% to 27% for anterior crossbite and 22% 
to 37% for posterior crossbite. Subsequent to the presence of the cleft, reduction 
in the maxillary interdental width and tooth width is generally observed. Consi-
dering the requirement of exact evaluation of tooth size for achieving an esthetic, 
stable, and functional occlusal relationship, awareness about the variations in 
tooth size in patients with CLP may guide clinicians in orthodontics and ac-
companying dental treatment planning [15] [16] [17] [18].  

In CLP research, a common approach for studying the effects of different 
treatment protocols is through evaluation of maxillary arch dimensions and oc-
clusion from dental casts. Different surgical treatment protocols are frequently 
compared through the outcome of maxillary arch dimensions and occlusion. 
The studies about the measurements of the dental arch are key to define the 
most appropriate treatment planning for the cleft type and the cleft severity. The 
documentation protocol enables to evaluate the dental arch growth changes at a 
long term [9] [12] [15] [18].  

The upper arch morphology of CLP patients are examined mainly by using 
conventional two dimensional (2D) dental casts analysis measured by directly 
and conventionally with digital calipers, which is a time consuming method with 
a limitation in providing reliable volumetric data. Some studies used 3D analysis 
for evaluating the upper ach dimensions in patients with CLP and comparison of 
arch widths were generally performed between untreated CLP patients and con-
trols who were in the deciduous dentition [14] [16] [18].  

Studies have showed that the patients having complete UCLP and BCLP have 
more altered inter-canine distance than the control group with a statistically sig-
nificant smaller value. This could be the reason of the loss in the continuity of 
the alveolar ridge and supra position of the lateral segments on the cleft side. Pa-
tients with cleft palate have a close inter-canine distance when compared to 
non-cleft patients [9] [12] [15] [19].  

Lione et al. [18], examined the variations of palatal morphology and maxillary 
arch size in patients who had prolonged mouth breathing caused by allergic rhi-
nitis and compared to control group with normal breathing by using 3D analysis 
on digital casts. Patients with mouth breathing patterns showed an increase in 
palatal height and construction in the maxillary arch when compared to normal 
breathing patients.  

Mello et al. [19], compared the anterior transverse dimensions of the dental 
arch of newborns by means of 3D digital casts with and without CLP. UCLP 
group had mean of 36.5 mm, BCLP group had a mean of 34.8 and control group 
had a mean of 27.52 mm. Statistically significant difference was found between 
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the control group and both CLP groups. No statistically significant difference 
between complete UCLP and BCLP groups were found. They observed that in-
ter-canine distance was greater in UCLP patients than in complete BCLP pa-
tients and those without CLP. 

Fernandes et al. [20], compared the dental arch dimensions on 3D digital 
study models in patients with and without CLP before the primary surgery. They 
examined the 223 digital models of patients aged between 3 - 9 months. The re-
sults showed that the intercanine distance and anterior cleft widths were wider 
in patients with UCLP. The intertuberosity distances and posterior cleft width 
were wider in patients having BCLP among the groups. Patients with CLP had 
wider maxillary arch dimensions than the children without CLP before the pri-
mary surgery.  

Heidbuchel, K.L. et al. [21], described the growth of maxillary arch dimen-
sions in patients with BCLP until the age of 4 and compared them to non-cleft 
patients. The comparison between these two groups was made at fixed time in-
tervals. At birth, anterior and posterior arch widths and arch depths were signif-
icantly larger in patients having BCLP. At the 7th month after the lip closure, an-
terior arch width and arch depth diminished considerably in the cleft group. At 
the 12th month after palatoplasty, a slight decrease in posterior arch width was 
seen. At the age of 4, anterior arch width was significantly narrower and anterior 
arch depth was shorter in patients having BCLP. Posterior arch width was sig-
nificantly wider. Maxillary arch dimensions in patients with BCLP show a 
unique development that is significantly different from that in noncleft patients 
during the first 4 years of life. 

Smahel et al. [22], reported reduced dentoalveolar widths in isolated palatal 
clefts in the upper arch, but the reduction increased in the posterior direction 
compared to controls. Arch was wider in the anterior part and narrow in the 
posterior part compared to UCLP, this may be the reason of the less compres-
sion of the intact anterior part of the arch. On the other hand, a comparison be-
tween BCLP and UCLP showed an almost double narrowing of the upper arch at 
the level of the canines in BCLP, although between molars, the difference was 
less evident. 

Maxillary arch dimensions are generally reduced in patients with clefts, and 
are more reduced with complete clefts than with incomplete clefts. The primary 
surgical repairs affect maxillary arch dimensions in children with clefts. Lip re-
pair in CLP has a moulding effect on the forward and outward rotated segments, 
which creates a more normal alveolar arch shape and the surgical closure of the 
palate in CLP affects the growth of the maxillary arch in transverse and ante-
ro-posterior dimensions. The dimensions of maxillary dental arches and mea-
surements of cleft width play an important role in deciding the treatment plan 
for each type of CLP. Accordingly, expansion of the anterior part of the maxil-
lary arch could be beneficial [1] [2] [3] [4] [10] [15] [21]. In our study, the in-
ter-canine distance in UCLP were found to be large enough to be statistically 
significant (p < 0.01), whereas inter-molar widths were found not to be statisti-
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cally (p > 0.05), even though there were differences in inter-molar widths. Or-
thopedic expansion of patients with CLP, with a stress in the anterior section of 
the palate, would be beneficial in order to provide needed space for the tongue 
and allowing for normal growth and development. 

5. Conclusions 

The increase of inter-canine distance seen in UCLP indicates that in the cleft re-
gion, the maxillary arch is inclined over to the back, while the same situation in 
BCLP suggests that the maxillary segments are collapsed inside. The difference 
in the arch is actively affected by the primary surgical treatment. Therefore, CLP 
patients show a significantly different upper arch morphology, with a higher de-
gree of maxillary constriction. In order to achieve stable orthodontic treatment, 
one of the most important points is to make the correct treatment planning for 
the arch forms and widths.  

3D evaluations of the maxillary arch highlight significant differences between 
individuals having UCLP and BCLP who are in mixed dentition period, where 
orthopedic maxillary expansion is advisable in both groups. 
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