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ABSTRACT 

Objective: This study aimed to evaluate the impact of cleft lip and palate (CLP) on the volume and dimensions of 

the mandibular condyle utilizing cone-beam computed tomography (CBCT). 

Methods and Materials: This cross-sectional study was conducted on the head, neck, and temporomandibular joint 

(TMJ) CBCT scans of 18 patients with unilateral CLP (UCLP) and 18 non-cleft controls with class I occlusion. The 

ITK-SNAP 3.8.0 software measured the mediolateral and anteroposterior dimensions and the height and volume of 

the right and left condyles. Comparisons were made by T-test and paired sample t-test (alpha=0.05). 

Results: The mediolateral dimension of the condyle of the affected side in patients with UCLP was significantly 

smaller than the counterpart condyles in control controls, with a mean difference of 2.33 mm, P=0.002. This value 

on the unaffected side of patients with UCLP was also significantly smaller than the right and left condyles in 

control controls, with a mean difference of 2.05, P=0.005. Anteroposterior dimension, condylar height, and volume 

at the affected and unaffected sides of patients with UCLP were not significantly different within the group or when 

compared with healthy controls. 

Conclusions: According to the present results, only the mediolateral width of the condyle at both sides in patients 

with UCLP was significantly smaller than the values in the right and left condyles of non-cleft controls. No other 

significant within-group or inter-group differences were found. 
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INTRODUCTION 

 

Cleft lip and palate (CLP) are among the most common congenital anomalies that occur due to genetic and 

environmental factors. [1] Its global prevalence rate is 1 per 1000 births. [2] Patients with CLP suffer significant 

impairments in maxillofacial and dental growth and development, which cause malocclusion and esthetic problems. 

[3] In general, the morphology of the craniofacial structures, such as the maxilla and mandible, in patients with CLP 

is different from that in healthy individuals due to a different growth pattern and the implemented treatments. [4] 

Evidence shows that anterior and posterior cross-bites are common in such patients [5], and such occlusal 

interferences especially unilateral posterior cross-bite cause over-function of the muscles at the site, which changes 

the center of temporomandibular joint (TMJ) growth over time. The reason is that the mandibular condyle is among 

the most sensitive areas to occlusal changes and interferences. [6] Loads applied to the TMJ cause bone remodeling 

and change the thickness and shape of the bony components such as the condyle and glenoid fossa. Such changes 

increase the risk of asymmetry of the mandible, and subsequent esthetic problems and temporomandibular disorders. 

[7] Auricular pain, masticatory muscle pain, mandibular movement limitation, mouth opening limitation, articular 

sounds, headache, and orofacial pain are among the signs and symptoms of temporomandibular disorders.[8] 

 

Several studies have assessed the dimensions and volume of the condyle in patients with CLP. For instance, Kim et 

al[9] found no significant difference in condylar volume of the affected and unaffected sides in patients with CLP. 

Shrestha et al [10] detected no significant difference in the volume of the mandible in patients with CLP and healthy 

controls. However, Celikoglu et al [11] reported smaller mandibular volume in patients with CLP than in healthy 

controls. Uçar et al [12] showed smaller condylar volume in patients with bilateral CLP compared with the control 

group. 

 

Considering the existing controversy in the literature and the absence of studies comparing the condylar volume of 

the affected and unaffected sides in patients with unilateral CLP (UCLP) or with a healthy control group, this study 

aimed to evaluate the condylar volume and dimensions in subjects with UCLP and compare with healthy controls 

using cone-beam computed tomography (CBCT). 

 

METHODS AND MATERIALS 

 

Study population: 

This study was approved by the Institutional Research Ethics Committee before the experiment was started 

(IR.IAU.DENTAL.REC.1400.117), and it was conducted in accordance with the principles outlined in the Helsinki 

Declaration. This cross-sectional study was conducted on 18 head, neck, and TMJ CBCT scans of patients taken at 

the Radiology Department of the School of Dentistry, Tehran University of Medical Sciences, Islamic Azad 

University, and a private radiology center between 2011 and 2018 with a definite diagnosis of UCLP. Eighteen 

CBCT scans of healthy controls were also selected, taken for other indications, such as assessment of an impacted 

tooth or orthodontic treatment. 
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Eligibility criteria: 

The inclusion criteria were age between 15-22 years and having undergone surgical closure of the lip and hard tissue 

before the age of 3.5 years for patients with UCLP. 

 

The exclusion criteria were a history of previous orthodontic treatment, history of orthognathic surgery, history of 

trauma, systemic diseases, and syndromic conditions, history of an articular degenerative disease, and bilateral CLP 

cases. The patients were selected by targeted sampling. 

 

Sample size: 

The minimum sample size for condylar volume was calculated to be 18 individuals in each group according to a 

study by Uçar et al [12] assuming alpha=0.05, beta=0.10, the mean, standard deviation of condylar volume to be 38.5 

mm3 and effect size of 0.85. The sample size for other variables was calculated to be lower than 18. 

 

Measurements: 

All CBCT scans were taken with NewTom VGi CBCT scanner (Verona, Italy) with the exposure settings of 110 

kVp, 2-29 mA, and 15 x 15 cm field of view, and Rotograph Evo 3D scanner (Villa Sistemi Medicali, Buccinasco, 

Italy) with the exposure settings of 88 kVp, 9 mA, and 5.8 x 5.8 cm field of view, with patients in upright position 

and teeth in maximum intercuspation. The images were then converted to DICOM format by NNT Viewer software 

version 2.21 (Quantitative Radiology, Verona, Italy). The images were three-dimensionally reconstructed by the 

ITK-SNAP 3.8.0 software (Paul A. Yushkevich, Guido Gerig, Chapell Hill, North Carolina, USA) and evaluated in 

coronal, sagittal, and axial sections. 

 

On the cross-sectional slices of each condyle with 1 mm slice thickness in the axial view, the innermost and 

outermost points of the condylar head were identified, and the distance between them was recorded as the 

mediolateral width of the condyle in a tenth of a millimeter. On the axial view, the most anterior and most posterior 

points of the condylar head were identified. The distance between them was recorded as the anteroposterior 

dimension of the condyle at each side. Of different slices in the coronal view, the slice showing the uppermost point 

of the condyle was selected, and its vertical distance from the condylar plane was recorded as the condylar height. 

The condylar plane is the inferior limit of the condyle, which is parallel to the horizon and passes through the 

deepest point of the sigmoid notch. All measurements were made using the ITK-SNAP software's ruler feature 

(Figure 1). [9,12] 

 

Figure 1: Measuring the (A) mediolateral dimension of the condyle, (B) anteroposterior dimension of the condyle, 

(C) condylar length. 
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Part of the condyle superior to the condylar plane was considered to quantify the condylar volume. The Snake tool, 

also known as an active contour model, was used to outline the condyle's superior, inferior, anterior, posterior, 

medial, and lateral borders on multiplanar images to determine the region of interest. The snake tool is a robust 

image-processing algorithm used for detecting and outlining structures within images. Following segmentation, 

bubbles were manually created at different parts of the condyle in the coronal, sagittal, and axial planes to determine 

its primary contour. Next, the software designed a semi-automatic 3D model of the condyle, and its volume was 

quantified in cubic millimetres (mm3).[13] CBCT scans (head, neck, TMJ) were taken for a single patient (Figure 2). 

 

Figure 2: (A) Manual creation of bubbles at different points of the condyle to determine its primary contour; (B) 

determination of contour and final volume of the condyle by the software. 

 

Statistical analysis: 

T-test was applied to compare the UCLP and control groups regarding the condylar volume and dimensions. Paired 

sample t-test was used to compare the values between the affected and unaffected sides in patients with UCLP. 

P<0.05 was considered statistically significant. 

 

RESULTS 

Table 1 presents the condylar dimensions and volume in patients with UCLP and the non-cleft control group. 

Table 1: Comparison between cleft and non-cleft patients 
 

Difference between 2 groups, cleft and non-cleft Mean SD P Value 

Condyle’s mediolateral dimension on the unaffected side 2.05 0.68 0.005 

Condyle’s mediolateral dimension on the affected side 
 

2.33 

 

0.70 

 

0.002 

Condyle’s anteroposterior dimension on the unaffected side 
 

0.05 

 

0.40 

 

0.9 

Condyle’s anteroposterior dimension on the affected side 
 

0.34 

 

0.54 

 

0.5 

Condyle’s length on unaffected side 
 

0.43 

 

1.14 

 

0.7 

Condyle’s length on affected side 
 

0.21 

 

1.29 

 

0.8 

Condyle’s volume on unaffected side 
 

200.91 

 

164.09 

 

0.2 

Condyle’s volume on affected side 
 

207.96 

 

168.06 

 

0.2 
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Mediolateral dimension of the condyle: 

Patients with UCLP had a significantly smaller mediolateral condylar dimension at the affected side than the healthy 

control group's right and left condyles, with a mean difference of 2.33 mm, P=0.002. This parameter in the 

unaffected condyle of patients with UCLP was also significantly smaller than that in their counterpart condyles of 

the healthy control group, with a mean difference of 2.05 mm, P=0.005. 

 

Anteroposterior dimension of the condyle: 

This parameter in the affected side of patients with UCLP had no significant difference with the right and left 

condyles of the healthy control group (P=0.5). This parameter in the unaffected condyle of patients with UCLP was 

not significantly different from that in the right and left condyles of the healthy control group (P=0.9). 

 

Condylar height: 

In patients with UCLP, this parameter in the affected side had no significant difference with the right and left 

condyles of the healthy control group (P=0.8). This parameter in the unaffected condyle of patients with UCLP was 

not significantly different from that in the right and left condyles of the healthy control group (P=0.7). 

 

Condylar volume: 

In patients with UCLP, this parameter in the affected side had no significant difference with the right and left 

condyles of the healthy control group (P=0.2). This parameter in the unaffected condyle of patients with UCLP was 

not significantly different from that in the right and left condyles of the healthy control group (P=0.2). 

 

Table 2 compares condylar dimensions and volume between the affected and unaffected sides in patients with 

UCLP. As shown, no significant difference existed in the affected and unaffected sides regarding mediolateral 

condylar dimension (P=0.6), anteroposterior condylar dimension (P=0.6), condylar length (P=0.6), or condylar 

volume (P=0.6). 

TABLE 2: Comparison of affected and unaffected side’s condition in cleft patients group. 
 

 Mean S.D. P Value 

The condyle’s mediolateral dimension on the affected and non- 

affected side 

 

1.81 

 

0.22 

 

0.6 

The condyle’s anteroposterior dimension on the affected and 

non-affected side 

 

0.97 

 

0.11 

 

0.6 

The condyle’s length on the affected and non-affected side  

2.96 

 

0.30 

 

0.6 

The condyle’s volume on the affected and non-affected side  

556.50 

 

52.95 

 

0.6 
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DISCUSSION 

This study assessed the effect of UCLP on the condylar volume and dimensions compared to healthy controls using 

CBCT. The use of CBCT for data collection in the present study was due to its 3D nature and the fact that it can 

provide valuable information regarding malocclusion and endoskeletal problems in patients with CLP. [10,14-15] Two- 

dimensional imaging modalities have distortion and magnification errors and cannot provide accurate 

information.[16,17] The present results showed that patients with UCLP had significantly smaller mediolateral 

condylar dimensions in both the affected and unaffected sides compared with the control group. Condylar height 

refers to the vertical dimension of the condyle, which is a rounded protrusion at the end of the mandible (lower 

jawbone) that articulates with the skull's temporal bone, forming the temporomandibular joint (TMJ). The condyle 

plays a crucial role in jaw movement and function, including chewing, speaking, and opening and closing the mouth. 

Veli et al [14] evaluated 15 patients with UCLP and found no significant difference in the mediolateral width of the 

condyle and condylar height of the affected and unaffected sides of patients with UCLP and healthy controls. 

Similarly, Uçar et al [12] found no significant difference in the mediolateral condylar width of bilateral patients with 

CLP and the healthy control group. Their results differed from the present findings, which may be due to the 

evaluation of patients with bilateral CLP in the latter study or different reference points used for the measurements. 

In the present study, the anteroposterior condylar dimension in the affected and unaffected sides in patients with 

UCLP had no significant difference from the corresponding values in the control group. The difference in condylar 

height was not significant either, which was in agreement with the findings of Veli et al [14], who calculated the 

condylar height from the uppermost point of the condyle to the lowermost point of the mandibular foramen. 

Celikoglu et al [11] performed linear measurements on cephalograms and showed that condylar and ramus height 

(Co-Go) in patients with UCLP was shorter than that in healthy controls. 

 

The present study found no significant difference in the condylar volume of affected and unaffected sites in patients 

with UCLP compared with healthy controls. Shrestha et al [10] found no significant difference between patients with 

cleft palate and healthy controls in condylar volume of affected and unaffected sides. Celikoglu et al [11] reported 

that the total mandibular volume in patients with UCLP was slightly, but not significantly, smaller than that in 

healthy controls. According to Uçar et al, [12] condylar volume was not significantly different between bilateral 

patients with CLP and healthy controls. Definitions of parameters for condylar measurements in their study were 

similar to those in the present study. 

 

Comparison of condylar parameters between the affected and unaffected sides in patients with UCLP in the present 

study revealed no significant difference in any parameter. Kim et al [9] evaluated 28 patients with UCLP and found 

no significant difference in condylar height, volume, and mediolateral width between the affected and unaffected 

sides, which agreed with the present findings. Similarly, Veli et al [14] found no significant difference between the 

affected and unaffected sides in condylar height and mediolateral width. Wahaj et al [18] evaluated the panoramic 

radiographs of patients with CLP and reported greater condylar height at the affected side. Celikoglu et al [6] 

reported smaller ramus height and ramus and condylar height at the cleft side. Lo et al [19] evaluated the CT scans of 

infants with UCLP before corrective surgery of the cleft and showed that the volume of the semi-mandible from the 

symphysis was greater at the cleft side than the non-cleft side. 
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Some studies evaluated vertical asymmetry of the mandible according to the method described by Habets et al. [20] 

For instance, Paknahad et al [21] and Celikoglu et al [6] showed that patients with UCLP had a more asymmetrical 

mandible than healthy controls in terms of the vertical height of the condyle along with ramus. 

 

Due to the retrospective design of the present study and evaluations only based on a chart review, the effect of 

possible confounders on the results could not be analyzed. The healthy control group used in the present study and 

most relevant previous investigations had normal growth with class I occlusion. However, since skeletal class III 

malocclusion is the dominant occlusion in patients with CLP, having a control group with class III malocclusion 

may provide more accurate results. Also, both patients with UCLP and BCLP should be compared with healthy 

controls in future studies to find more comprehensive results regarding the effects of CLP and its unilateral or 

bilateral type on condylar dimensions and volume. 

 

CONCLUSIONS 

Based on the current findings, the only significant difference observed was that the mediolateral width of the 

condyle on both sides was smaller in patients with UCLP compared to the corresponding sides in the control group. 

No other notable differences were detected within or between the groups. 
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FIGURE LEGENDS 

Figure 1. Measuring the (A) mediolateral dimension of the condyle, (B) anteroposterior dimension of the 

condyle, (C) condylar length. 

Figure 2. (A) Manual creation of bubbles at different points of the condyle to determine its primary 

contour; (B) determination of contour and final volume of the condyle by the software. 
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