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			ABSTRACT:  The morphology of the skull base and its variations cause multiple alterations not only in the pharyngeal space but also in respiratory function, masticatory force, and occlusal relationships. The objective was to compare the morphology of the cranial base in individuals with no syndromic cleft lip and palate (CLP) with that of control subjects with Class I and III skeletal malocclusion. Retrospective cross-sectional study based on digital lateral skull radiographs. Subjects were classified as having unilateral CLP (UCLP) or bilateral CLP (BCLP). Comparisons were made with Class I and III skeletal malocclusion. Triangular areas were estimated algebraically. Intra and interrater correlations were high (Spearman’s rho >0.98). Nonparametric statistical tests were used in addition to ANCOVA and MANCOVA models. A total of 238 individuals were included: 80 with Class I malocclusion, 80 with Class III malocclusion, and 78 with CLP (31 BCLP and 47 UCLP). Of the total, 41.59% (n=99) were women. Comparisons of the measured lengths and angles revealed significant differences between groups. As age increased, the length of the anterior (NS) and posterior (SBa) cranial bases increased, with differences between age ranges. Likewise, a shorter cranial base length and a larger cranial base angle (NSBa) were observed in the CLP group compared with the others. The results of this study identified significant differences in cranial base measurements between individuals with CLP and those with Class I and III malocclusions.

			KEYWORDS: Cleft Lip; Cleft palate; Malocclusion; Skull Base; Dental anomaly; (MeSH).

			

			RESUMEN: La morfología de la base del cráneo y sus variaciones provocan múltiples alteraciones no sólo en el espacio faríngeo, sino en la función respiratoria, fuerza masticatoria y relaciones oclusales. El objetivo fue comparar la morfología de la base craneal de personas con labio leporino y paladar hendido (CLP) no sindrómico con sujetos de control con maloclusión esquelética clase I y III. Estudio transversal retrospectivo basado en radiografías digitales laterales del cráneo. Los sujetos se clasificaron con CLP unilateral (UCLP) o bilateral (BCLP). Se realizaron comparaciones con maloclusión esquelética clase I y III. Las áreas triangulares se estimaron algebraicamente. Las correlaciones intra e Inter evaluador fueron altas (rho Spearman >0,98). Se utilizaron pruebas estadísticas no paramétricas, además de modelos ANCOVA y MANCOVA. Se incluyeron 238 individuos: 80 con maloclusión clase I, 80 con maloclusión clase III y 78 con CLP (31 BCLP y 47 UCLP). Del total, el 41,59% (n=99) eran mujeres. Las comparaciones de las longitudes y los ángulos medidos mostraron diferencias significativas entre grupos. Se observó que, cuanto mayor era la edad, mayor era la longitud de la base craneal anterior (NS) y posterior (SBa), con diferencias entre rangos de edad. Así mismo, se observó una longitud de base craneal menor y un ángulo de base craneal (NSBa) mayor en el grupo CLP en comparación con los otros. Los resultados de este estudio identificaron diferencias significativas en las mediciones de la base craneal entre los individuos con CLP y los con maloclusiones Clase I y III.

			PALABRAS CLAVE: Labio leporino; Paladar hendido; Maloclusión; Base craneal; Anomalía dental; (DeCS).

			INTRODUCTION

			The cranial base is relevant in craniofacial development, influencing both the nasomaxillary complex and mandibular position. Associations have been reported between cranial base morphology and the behavior of the pharyngeal space, thereby affecting respiratory patterns, as well as alterations in masticatory force and occlusal relationships (1,2).

			The morphology of the cranial base has been extensively studied in patients with sagittal skeletal anomalies and Cleft Lip and Palate (CLP). Research in this area has primarily focused on identifying the mechanisms and factors that determine facial development and their influence on malocclusion development (3).

			This is particularly important because malocclusion is the most common congenital craniofacial anomaly worldwide, affecting 0.45 live births (LB) per 1 000 (95% CI: 0.38-0.52) (4). It is also one of the most significant anomalies in Colombia, with a prevalence of 0.6 cases per 1 000 LB reported for the 2014-2017 period (5).

			Some studies suggest that the cranial base is intrinsically different in shape and size in patients with CLP (6-9), affecting the growth and positioning of facial structures. For example, a more acute cranial flexion or angle has been associated with the development of a Class III skeletal relationship in these patients (10,11).

			Other studies, however, indicate that individuals with CLP do not exhibit significant differences in cranial base morphology, which is typically normal (12-15). According to these findings, the sagittal relationship anomalies observed in these patients may primarily result from reduced maxillary size (16).

			Thus, the craniofacial morphology of children with clefts differs from that of non-affected children because of their morphogenetic pattern, early surgical procedures (such as cheilorrhaphy, palatorrhaphy, or alveolar grafts), adaptive changes, or a combination of these factors (17).

			It is evident that the findings in the literature do not reach a consensus regarding the role of cranial base morphology in the etiology of malocclusion in patients with CLP. Biases associated with several studies, such as sample size, the measures used for comparisons, or the lack of standardization in radiograph acquisition, may contribute to these contradictory results (3,18). Undoubtedly, establishing whether or not this relationship exists, especially in subjects with CLP, could impact treatment decisions and better determine the prognosis of these patients, considering that a short cranial base could affect the growth of the maxilla, which is already compromised in patients with CLP (19). 

			Based on the above, the aim of the present study was to compare the cranial base morphology of individuals with no syndromic CLP to control subjects with skeletal Class I and III malocclusion.

			MATERIALS AND METHODS

			Design

			Retrospective cross-sectional study.

			Sample

			Radiographic records of subjects with CLP were selected from the databases of the Craniofacial Anomalies Clinic at the HOMI – Fundación Hospital Pediátrico la Misericordia and the private practices of two orthodontists affiliated with the Faculty of Dentistry at the Universidad Nacional de Colombia. Records of subjects diagnosed with skeletal Class I and III malocclusions were selected from the orthodontic clinic databases of the Faculty of Dentistry at the Universidad Nacional de Colombia. Standardized digital lateral cephalometric radiographs were used, corresponding to patients of both sexes aged 7-25 years, diagnosed with no syndromic CLP, including unilateral cleft lip and palate (UCLP) and bilateral cleft lip and palate (BCLP). These patients were compared with individuals without craniofacial anomalies, skeletally diagnosed with Class I and III malocclusions.

			Inclusion Criteria

				

			
					Patients with CLP: Patients with a confirmed diagnosis of no syndromic CLP, classified into two distinct phenotypes: UCLP and BCLP.

					Skeletal Class I and III patients : Patients without CLP or any other craniofacial anomalies who were clinically and cephalometrically diagnosed as skeletal Class I or Class III.

			

			Exclusion Criteria

			
					Subjects with any other craniofacial anomalies.

					Subjects were identified statistically as outliers. 

			

			Sample size

			A sample size of 77 patients per group was estimated, with an expected measurement difference of at least 2 mm or 2° (depending on whether the measurements were linear or angular), a standard deviation of 4 mm or 4°, respectively, an alpha level of 0.05, and a statistical power of 90%.

			A convenience sampling of 80 subjects per group was performed from those meeting the inclusion criteria and treated within the last 15 years at the Orthodontic Clinic. All radiographs were taken in a natural head position and calibrated 1:1 using a metallic ruler present in all radiographic images used. Cephalometric records were taken using the same technique and equipment. Outliers were excluded using an estimation method, defining extreme values as those exceeding 1.5 times the interquartile range (IQR) according to Tukey's formula (20) (Equation 1).

			[image: Fórmulas matemáticas que muestran los límites inferior y superior usando los cuartiles Q1 y Q3 y el rango intercuartílico IQR.

Descripción generada con IA]

			Equation 1. Q1 is quartile 1 or p25, Q3 is quartile 3 or p75, and IQR (p75-p25).

			After the exclusion of outliers and the use of non-parametric statistics, the study's power to detect differences in medians for three and four groups, for both linear and angular measurements, exceeded 98.9%.

			Measurement Points

			The cephalometric points, lines, and angles measured in this study are illustrated in Figure 1. They are described as follows:

			
					Articulare (Ar): intersection of the posterior border of the mandibular ramus and the inferior border of the cranial base.

					Sella (S): geometric center of the pituitary fossa or Sella turcica.

					Basion (Ba): lowest point of the anterior border of the foramen magnum.

					Nasion (N): point of intersection of the frontal and nasal bones.

					Nasion - Sella (N S) line.

					Sella - Basion (S Ba) line.

					Nasion - Basion (N Ba) line.

					Nasion - Sella - Articulare (N S Ar) angle.

					Nasion - Sella - Basion (N S Ba) angle.

			

			Measurement Procedures

			The cephalogram in Figure 1 shows the points used for both linear and angular measurements, performed using the Nemostudio software (Nemotec Spain, version 24.0.0.3)®. Two expert orthodontists (SY and JR) conducted a prior assessment of intra and interobserver agreement for all measurements in 10 individuals using this software.

			The median differences between intra- and inter-observer measurements, as well as inter- and intra-observer agreement determined by Spearman’s correlation test, are detailed in Appendix 1. All measurements demonstrated high intra and interobserver correlation. However, NSBa and NSAr exhibited a wider confidence interval for Spearman’s rho in inter-observer measurements, while SBa showed a wider interval in intra observer measurements. The median differences had a maximum value of 1 mm, with a maximum p75 value of 2 mm for NSAr in interobserver measurements. These differences were not clinically significant and there was no need to calibrate observers.

			[image: ]

			Figure 1. Cephalogram used in the study. Note: NS: Nasion-Sella line; S Ba: Sella-Basion line; N Ba: Nasion-Basion line; NS Ar Nasion-Sella Articulare Angle; N S Ba Angle: Nasion-Sella Basion Angle.

			Statistical Analysis

			A descriptive and comparative analysis of the measurements was conducted across the groups (Class I, Class III, UCLP and BCLP; subsequently Class I, Class III, and CLP). Since the variables did not follow a normal distribution (Shapiro-Wilk test), no parametric statistics were used for the analytical process.

			For the description of variables and providing a comprehensive understanding of the measurement behavior, the means, medians, and minimum and maximum values were reported. Depending on the groups and to establish comparisons or differences among them, the Kruskal-Wallis or Wilcoxon (Mann-Whitney U) tests were applied, respectively.

			The area of the triangle was estimated using Heron’s formula (Equation 2) based on its sides and the trigonometric formula (Equation 3) (21).

			[image: Fórmula matemática para calcular el área usando la raíz cuadrada de S multiplicado por la resta de S con a, b y c.
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			Equation 2. S=semi perimeter = (a + b + c)/2, and a, b, c are the lengths of the sides. 

			[image: La fórmula matemática muestra que el área es igual a un medio multiplicado por a, b y el seno de C.
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			Equation 3. Where a and b are the lengths of the two sides, and c is the corresponding angle. 

			Although the results were not identical, the differences between the two area estimation methods were a maximum of 6 mm². For the purposes of this study and considering that interobserver variability was higher in angle measurements (Appendix 1), Heron’s formula was used for area estimation. 

			A multivariate analysis of covariance (MANCOVA) was performed, including all cranial measurements (ns1, S Ba, N Ba, N S Ba, N S Ar, Angle C) as dependent variables, and group and age as covariates. Angle C corresponds to the estimated angle N S Ba, calculated using Heron's formula, expressed in degrees. Statistics of Will Lambda, Pillai's Trace, Lawley-Hotelling and Roy's Root, were considered to test the effect of Age and Group as covariate. 

			An Analysis of Covariance (ANCOVA) was performed for each variable, controlling for age and Group. Additional to Shapiro-Francia test to test normality. Homogeneity was tested including the interaction Group*Age. Class I was used as the reference group, and pairwise comparisons were conducted between all group pairs (Class III vs. Class I, Cleft Palate vs. Class I, and Cleft Palate vs. Class III). Adjusted marginal means were estimated and plotted for each variable. The omnibus test (F-test) was used to evaluate overall group differences for each measurement. All data were analyzed using STATA v16.1 and Python 3.

			Ethics approval

			This study was reviewed and approved by the Ethics Committee of the Faculty of Dentistry at the Universidad Nacional de Colombia under code 061-2023, dated May 5, 2023. The study was conducted following the principles of Declaration of Helsinki. Human Ethics declaration: not applicable.

			RESULTS

			This study included 238 individuals: 80 diagnosed as Class I, 80 as Class III, and 78 with CLP. Women accounted for 41.59% (n=99) of the sample. The detailed measurement results are presented in Table 1, and a graphical summary of these values is shown in Figure 2. Statistically, the results differ between the analyzed groups; however, in most cases, the differences were less than 5 mm (Table 1).

			Additionally, it was found that, regardless of sex, older individuals exhibited larger anterior cranial base (N-S) and posterior cranial base (S-Ba) dimensions. Statistically significant differences were observed among the selected age ranges (7-11, 12-14, and 15-25 years). Statistical results, including medians, IQR, and significance levels, are presented in Table 2. In this case, the age group differences were also clinically relevant, with median values differing by more than 5 mm between groups (Table 2).

			Table 3 summarizes the behavior of angular and linear measurements among the three analyzed groups (Class I, Class III, and CLP), showing a smaller anterior cranial base size (N-S) and a larger cranial base angle in the CLP group. The data in this table are presented grouped by sex. 

			Figure 3 illustrates these differences among individuals with CLP compared to those in Class I and Class III. When analyzing the measurement results by sex, higher values were observed in males, with differences of approximately two millimeters. These differences were statistically significant at a level of p<0.001 for both anterior and posterior cranial base measurements (Table 4).

				

			When comparing the areas corresponding to the anterior and posterior cranial base among the three analyzed groups, statistically significant differences in medians were observed (p<0.001) (Table 5). Subjects in the CLP group exhibited approximately 13% smaller areas compared to the other two groups. By sex, these differences were also statistically significant in males, with the CLP group showing a 12% smaller area compared to the Class III group and 17% smaller area compared to the Class I group. In females, the differences were only 9%, and the results were not statistically significant.

				

			Comparing these areas across the three age groups analyzed, it was found that the youngest group had a cranial base area 13% smaller than the 12-14 year old age group and 17% smaller than the oldest age group (Appendix 2).

			The MANCOVA model with all the variables included (ns1, SBa, NBa, NSBa, NSAr, and angle C) was statistically significant (Table 6.), The skeletal group was significant across the model, showing that the multivariate cranial profile differed significantly among Class I, Class III and CLP after controlling for age. 

			The results of the ANCOVA (Table 7) show that the N S Ba angle differs significantly between groups (F=5.02, p=0.007); the Cleft Palate group has significantly higher values than the Class I group (+2.40°, p=0.009) and the Class III group (+2.79°, p=0.004). Regarding N S Ar, significant differences are observed between groups (F=7.42, p<0.001); Cleft Palate has larger angles than Class I (+2.66°, p=0.003) and than Class III (+3.50°, p<0.001). The measurement of Angle C reveals significant differences (F=5.09, p=0.007); The cleft Palate is greater than Class I (+2.32°, p=0.015) and greater than Class III (+3.06°, p=0.002). For the previous measurements, Class III does not differ from Class I.

			On the other hand, in ns1, significant differences are evident (F=4.07, p=0.018); Cleft Palate has a shorter length than Class I (-1.52 mm, p=0.005). Here, it is evident that Class III does not differ from Class I or Cleft Palate. For the S Ba measurement, marginal overall differences are observed (F=2.72, p=0.068). Only Cleft vs. Class I reaches significance (-1.07 mm, p=0.026) (despite having a non-significant omnibus F). Regarding N Ba, no significant differences were found between groups (F=2.49, p=0.085) after adjusting for age. 

			For the areas, Area 1 and Area 2 (mm²), highly significant differences were identified (F=6.75, p=0.001 and F=7.13, p<0.001). In both areas, the cleft Palate shows markedly lower values than Class I (approx. -83 mm², p<0.001) and Class III (-63 to -69 mm², p<0.01). In this case, Class III does not differ from Class I. Finally, no significant differences were found between groups (after adjusting for age) for the Diff angles and Diff Area1 - Area2 measurements (p=0.252 and p=0.250, respectively).

			

			Table 1. Cephalogram measurements in individuals with skeletal class I, III, and bilateral and unilateral cleft lip and palate.  

			
				
					
					
					
					
					
					
				
				
					
							
							
							Class I n=80

							(33.6%)

						
							
							Class III n=80

							(33.6%)

						
							
							BCLP n=31

							(13%)

						
							
							UCLP n=47

							(19.7%)

						
							
							P - Value

						
					

					
							
							Gender

						
							
							
							
							
							
							 0.548

						
					

					
							
							Male

						
							
							42 (52.5%)

						
							
							51 (63.7%)

						
							
							18 (58.1%)

						
							
							28 (59.6%)

						
							
					

					
							
							Female

						
							
							38 (47.5%)

						
							
							29 (36.2%)

						
							
							13 (41.9%)

						
							
							19 (40.4%)

						
							
					

					
							
							Age

						
							
							
							
							
							
							<0.001

						
					

					
							
							Mean (SD)

						
							
							15.53 (3.51)

						
							
							16.86 (4.33)

						
							
							13.42 (4.51)

						
							
							12.13 (2.76)

						
							
					

					
							
							Median (Q1, Q3)

						
							
							15.0 (13.0, 17.0)

						
							
							16.0 (14.0, 20.5)

						
							
							13.0 (9.0, 17.0)

						
							
							12.0 (10.0, 13.0)

						
							
					

					
							
							Min, Max

						
							
							9.0, 25.0

						
							
							7.0, 25.0

						
							
							7.0, 22.0

						
							
							8.0, 20.0

						
							
					

					
							
							N S Ba (°)

						
							
							
							
							
							
							0.001

						
					

					
							
							Mean (SD)

						
							
							128.98 (5.18)

						
							
							128.45 (5.56)

						
							
							131.15 (4.94)

						
							
							132.05 (6.10)

						
							
					

					
							
							Median (Q1, Q3)

						
							
							129.1 (125.0, 132.8)

						
							
							129.1 (124.1, 132.5)

						
							
							130.5 (127.4, 134.3)

						
							
							132.8 (127.6, 136.7)

						
							
					

					
							
							Min, Max

						
							
							118.6, 140.1

						
							
							115.0, 140.9

						
							
							123.9, 145.1

						
							
							118.8, 141.8

						
							
					

					
							
							N S Ar (°)

						
							
							
							
							
							
							<0.001

						
					

					
							
							Mean (SD)

						
							
							124.53 (5.16)

						
							
							123.56 (5.65)

						
							
							126.77 (4.88)

						
							
							127.91 (5.74)

						
							
					

					
							
							Median (Q1, Q3)

						
							
							124.0 (121.0, 128.0)

						
							
							124.0 (119.0, 128.0)

						
							
							125.0 (123.0, 131.0)

						
							
							128.0 (125.0, 132.0)

						
							
					

					
							
							Min, Max

						
							
							111.0, 138.0

						
							
							110.0, 138.0

						
							
							120.0, 139.0

						
							
							112.0, 139.0

						
							
					

					
							
							ns1 (mm)

						
							
							
							
							
							
							<0.001

						
					

					
							
							Mean (SD)

						
							
							63.54 (3.47)

						
							
							63.29 (3.05)

						
							
							61.66 (4.01)

						
							
							60.88 (3.26)

						
							
					

					
							
							Median (Q1, Q3)

						
							
							63.4 (61.2, 66.4)

						
							
							63.4 (61.1, 65.4)

						
							
							61.5 (58.9, 64.4)

						
							
							60.7 (58.7, 62.6)

						
							
					

					
							
							Min, Max

						
							
							55.0, 72.4

						
							
							56.8, 71.7

						
							
							55.3, 69.5

						
							
							53.9, 68.7

						
							
					

					
							
							S Ba (mm)

						
							
							
							
							
							
							0.001

						
					

					
							
							Mean (SD)

						
							
							42.52 (2.76)

						
							
							42.10 (2.92)

						
							
							41.36 (3.73)

						
							
							40.41 (3.02)

						
							
					

					
							
							Median (Q1, Q3)

						
							
							42.6 (40.3, 44.4)

						
							
							42.2 (40.4, 44.2)

						
							
							40.9 (38.6, 43.2)

						
							
							40.5 (38.2, 42.4)

						
							
					

					
							
							Min, Max

						
							
							36.8, 48.1

						
							
							35.2, 48.5

						
							
							34.9, 50.2

						
							
							33.5, 47.4

						
							
					

					
							
							N Ba (mm)

						
							
							
							
							
							
							0.005

						
					

					
							
							Mean (SD)

						
							
							96.09 (5.30)

						
							
							95.18 (4.45)

						
							
							94.11 (6.36)

						
							
							92.78 (5.21)

						
							
					

					
							
							Median (Q1, Q3)

						
							
							96.0 (92.5, 99.2)

						
							
							95.1 (92.1, 98.4)

						
							
							93.3 (89.2, 96.2)

						
							
							93.6 (88.3, 97.2)

						
							
					

					
							
							Min, Max

						
							
							85.3, 109.7

						
							
							85.3, 104.5

						
							
							83.5, 108.9

						
							
							82.1, 101.7

						
							
					

				
			

			Note: Class I and Class III: Types of malocclusions; BCLP: Bilateral Cleft Lip and Palate; UCLP: Unilateral Cleft Lip and Palate; mm=millimeters; (°): sexagesimal degrees; NS: Nasion-Sella line; S Ba: Sella-Basion line; N Ba: Nasion-Basion line; NS Ar: Nasion-Sella Articulare Angle; N S Ba Angle: Nasion-Sella Basion Angle; p-value: Kruskal-Wallis’s test.

			[image: Gráficos de cajas que comparan mediciones craneales basadas en imágenes en milímetros y grados entre diferentes grupos con barras de error y puntos atípicos.
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			Figure 2. Behavior of linear and angular measurements according to skeletal classification and cleft lip and palate type.

			Note: Class I and Class III: Types of malocclusions; BCLP: Bilateral Cleft Lip and Palate; UCLP: Unilateral Cleft Lip and Palate; NS: Nasion-Sella line; S Ba: Sella-Basion line; N Ba: Nasion-Basion line; NS Ar: Nasion-Sella Articulare Angle; NS Ba Angle: Nasion-Sella Basion Angle; mm=millimeters; (°): sexagesimal degrees.

			Table 2. Differences in Results by Age Range (both sexes included). 

			
				
					
					
					
					
					
				
				
					
							
							
							7-11 years

						
							
							12-14 years

						
							
							15-25 years

						
							
							p-value

						
					

					
							
							Year

						
							
							
							
							
							<0.001

						
					

					
							
							Median (Q1-Q3)

						
							
							10.0 (8.0- 11.0)

						
							
							13.0 (12.0- 14.0)

						
							
							17.0 (16.0- 21.0)

						
							
					

					
							
							Min-Max

						
							
							7.0- 11.0

						
							
							12.0- 14.0

						
							
							15.0- 25.0

						
							
					

					
							
							N S Ba (°)

						
							
							
							
							
							0.004

						
					

					
							
							Median (Q1-Q3)

						
							
							132.3 (128.0- 135.7)

						
							
							130.4 (125.4- 133.5)

						
							
							128.8 (124.5- 132.1)

						
							
					

					
							
							Min-Max

						
							
							119.9- 141.6

						
							
							117.6- 141.8

						
							
							115.0- 145.1

						
							
					

					
							
							N S Ar (°)

						
							
							
							
							
							0.011

						
					

					
							
							Median (Q1-Q3)

						
							
							127.0 (123.0- 131.0)

						
							
							126.0 (120.0- 129.0)

						
							
							124.0 (120.0- 128.0)

						
							
					

					
							
							Min-Max

						
							
							117.0- 138.0

						
							
							110.0- 139.0

						
							
							111.0- 139.0

						
							
					

					
							
							ns1 (mm)

						
							
							
							
							
							<0.001

						
					

					
							
							Median (Q1-Q3)

						
							
							60.0 (57.1- 61.9)

						
							
							62.2 (60.2- 65.0)

						
							
							63.8 (61.7- 66.1 )

						
							
					

					
							
							Min-Max

						
							
							53.9- 67.3

						
							
							56.8- 72.4

						
							
							55.3- 71.7

						
							
					

					
							
							S Ba (mm)

						
							
							
							
							
							<0.001

						
					

					
							
							Median (Q1-Q3)

						
							
							39.6 (37.0- 41.7)

						
							
							41.7 (40.0- 43.6)

						
							
							42.9 (40.6- 44.6)

						
							
					

					
							
							Min-Max

						
							
							33.5- 45.4

						
							
							35.0- 48.2

						
							
							36.1- 50.2

						
							
					

					
							
							N Ba (mm)

						
							
							
							
							
							<0.001

						
					

					
							
							Median (Q1-Q3)

						
							
							90.1 (87.4- 95.6)

						
							
							93.8 (91.6- 97.5)

						
							
							96.3 (93.2- 99.5)

						
							
					

					
							
							Min-Max

						
							
							82.1- 99.3

						
							
							85.0- 105.4

						
							
							85.3- 109.7

						
							
					

				
			

			Note: NS: Nasion-Sella line; S Ba: Sella-Basion line; N Ba: Nasion-Basion line; NS Ar: Nasion-Sella Articulare Angle; NS Ba Angle: Nasion-Sella Basion Angle; mm=millimeters; (°): sexagesimal degrees; p-value: Kruskal-Wallis’s test.

			

			Table 3. Differences in Results by Group (both sexes included).  

			
				
					
					
					
					
					
				
				
					
							
							
							Class I  n=80

						
							
							Class III  n=80

						
							
							CLP  n=78

						
							
							p-value

						
					

					
							
							Age

						
							
							
							
							
							<0.001

						
					

					
							
							Median (Q1-Q3)

						
							
							15.0 (13.0- 17.0)

						
							
							16.0 (14.0- 20.5)

						
							
							12.0 (10.0- 14.0)

						
							
					

					
							
							Min-Max

						
							
							9.0- 25.0

						
							
							7.0- 25.0

						
							
							7.0- 22.0

						
							
					

					
							
							N S Ba (°)

						
							
							
							
							
							<0.001

						
					

					
							
							Median (Q1-Q3)

						
							
							129.1 (125.0- 132.8)

						
							
							129.1 (124.1- 132.5)

						
							
							131.6 (127.6- 135.8)

						
							
					

					
							
							Min-Max

						
							
							118.6- 140.1

						
							
							115.0- 140.9

						
							
							118.8- 145.1

						
							
					

					
							
							N S Ar (°)

						
							
							
							
							
							<0.001

						
					

					
							
							Median (Q1-Q3)

						
							
							124.0 (121.0- 128.0)

						
							
							124.0 (119.0- 128.0)

						
							
							127.0 (123.0- 131.0)

						
							
					

					
							
							Min-Max

						
							
							111.0- 138.0

						
							
							110.0- 138.0

						
							
							112.0- 139.0

						
							
					

					
							
							ns1 (mm)

						
							
							
							
							
							<0.001

						
					

					
							
							Median (Q1-Q3)

						
							
							63.4 (61.2- 66.4)

						
							
							63.4 (61.1- 65.4)

						
							
							61.2 (58.8- 63.0 )

						
							
					

					
							
							Min-Max

						
							
							55.0- 72.4

						
							
							56.8- 71.7

						
							
							53.9- 69.5

						
							
					

					
							
							S Ba (mm)

						
							
							
							
							
							0.001

						
					

					
							
							Median (Q1-Q3)

						
							
							42.6 (40.3- 44.4)

						
							
							42.2 (40.4- 44.2)

						
							
							40.7 (38.3- 42.9)

						
							
					

					
							
							Min-Max

						
							
							36.8- 48.1

						
							
							35.2- 48.5

						
							
							33.5- 50.2

						
							
					

					
							
							N Ba (mm)

						
							
							
							
							
							0.003

						
					

					
							
							Median (Q1-Q3)

						
							
							96.0 (92.5- 99.2)

						
							
							95.1 (92.1- 98.4)

						
							
							93.5 (88.9- 96.8)

						
							
					

					
							
							Min-Max

						
							
							85.3- 109.7

						
							
							85.3- 104.5

						
							
							82.1- 108.9

						
							
					

				
			

			Note: Class I and Class III: Types of malocclusions; CLP: Cleft Lip and Palate; mm=millimeters; (°): sexagesimal degrees; NS: Nasion-Sella line; S Ba: Sella-Basion line; N Ba: Nasion-Basion line; NS Ar: Nasion-Sella Articulare Angle; NS Ba Angle: Nasion-Sella Basion Angle; p-value: Kruskal-Wallis’s test.

			[image: Gráficos de cajas comparan mediciones craneales basadas en imágenes entre diferentes grupos mostrando líneas en milímetros y ángulos en grados con variaciones entre clases y condiciones.

Descripción generada con IA]

			Figure 3. Behavior of linear and angular measurements, according to skeletal class I and III, and cleft lip and palate.

			Note: Class I and Class III: Types of malocclusions; NS: Nasion-Sella line; S Ba: Sella-Basion line; N Ba: Nasion-Basion line; NS Ar: Nasion-Sella Articulare Angle; N S Ba Angle: Nasion-Sella Basion Angle; CLP: Cleft Lip and Palate (Unilateral and Bilateral); mm=millimeters; (°): sexagesimal degrees.

			

			Table 4. Cephalogram measurements in individuals with skeletal class I, III, and bilateral and unilateral cleft lip and palate by sex. 

			
				
					
					
					
					
				
				
					
							
							
							Male  n=139

						
							
							Female  n=99

						
							
							p-value

						
					

					
							
							Age

						
							
							
							
							0.952

						
					

					
							
							Median (Q1-Q3)

						
							
							15.0 (12.0, 18.0)

						
							
							14.0 (12.0, 17.0)

						
							
					

					
							
							Min-Max

						
							
							7.0, 24.0

						
							
							7.0, 25.0

						
							
					

					
							
							N S Ba (°)

						
							
							
							
							0.038

						
					

					
							
							Median (Q1-Q3)

						
							
							129.8 (125.3, 133.8)

						
							
							130.5 (125.6, 133.5)

						
							
					

					
							
							Min-Max

						
							
							115.0, 145.1

						
							
							118.9, 141.8

						
							
					

					
							
							N S Ar (°)

						
							
							
							
							0.405

						
					

					
							
							Median (Q1-Q3)

						
							
							125.0 (120.0, 129.0)

						
							
							125.0 (122.0, 129.0)

						
							
					

					
							
							Min-Max

						
							
							110.0, 139.0

						
							
							111.0, 139.0

						
							
					

					
							
							ns1 (mm)

						
							
							
							
							<0.001

						
					

					
							
							Median (Q1-Q3)

						
							
							63.6 (61.6, 66.5)

						
							
							61.2 (59.2, 63.3 )

						
							
					

					
							
							Min-Max

						
							
							55.0, 72.4

						
							
							53.9, 68.4

						
							
					

					
							
							S Ba (mm)

						
							
							
							
							<0.001

						
					

					
							
							Median (Q1-Q3)

						
							
							42.9 (40.8, 44.8)

						
							
							40.6 (38.6, 42.3)

						
							
					

					
							
							Min-Max

						
							
							35.0, 50.2

						
							
							33.5, 46.2

						
							
					

					
							
							N Ba (mm)

						
							
							
							
							<0.001

						
					

					
							
							Median (Q1-Q3)

						
							
							96.3 (93.0, 100.3)

						
							
							92.9 (89.5, 95.4)

						
							
					

					
							
							Min-Max

						
							
							82.1, 109.7

						
							
							84.1, 101.8

						
							
					

				
			

			Note: NS: Nasion-Sella line; S Ba: Sella-Basion line; N Ba: Nasion-Basion line; NS Ar: Nasion-Sella Articulare Angle; NS Ba Angle: Nasion-Sella Basion Angle; mm=millimeters; (°): sexagesimal degrees; p-value: Mann-Whitney U.

			

			Table 5. Angles and areas estimated by skeletal class I, III, and cleft lip palate groups. 

			
				
					
					
					
					
					
				
				
					
							
							
							Class I 

							n=80

						
							
							Class III 

							n= 80

						
							
							CLP 

							n= 78

						
							
							p-value

						
					

					
							
							Area 1 (mm²)

						
							
							
							
							
							<0.001

						
					

					
							
							Median (Q1-Q3)

						
							
							1041.9 (949.1, 1148.7)

						
							
							1036.8 (941.6, 1150.2)

						
							
							913.6 (840.2, 1015.2)

						
							
					

					
							
							Min-Max

						
							
							691.8, 1370.9

						
							
							649.5, 1404.1

						
							
							617.7, 1321.2

						
							
					

					
							
							Area 2 (mm²)

						
							
							
							
							
							<0.001

						
					

					
							
							Median (Q1-Q3)

						
							
							1044.7 (952.3, 1148.9)

						
							
							1032.7 (940.2, 1140.3)

						
							
							911.3 (838.9, 1010.9)

						
							
					

					
							
							Min-Max

						
							
							767.3, 1298.5

						
							
							648.5, 1400.7

						
							
							611.5, 1323.3

						
							
					

					
							
							Angle C (°)

						
							
							
							
							
							0.001

						
					

					
							
							Median (Q1-Q3)

						
							
							128.2 (125.1, 132.5)

						
							
							128.5 (124.0, 132.6)

						
							
							131.8 (127.5, 135.7)

						
							
					

					
							
							Min-Max

						
							
							118.6, 151.9

						
							
							115.3, 140.8

						
							
							118.6, 145.3

						
							
					

					
							
							NS Ba (°)

						
							
							
							
							
							<0.001

						
					

					
							
							Median (Q1-Q3)

						
							
							129.1 (125.0, 132.8)

						
							
							129.1 (124.1, 132.5)

						
							
							131.6 (127.6, 135.8)

						
							
					

					
							
							Min-Max

						
							
							118.6, 140.1

						
							
							115.0, 140.9

						
							
							118.8, 145.1

						
							
					

					
							
							Diff angles (°)

						
							
							
							
							
							0.024

						
					

					
							
							Median (Q1-Q3)

						
							
							0.0 (-0.3, 0.5)

						
							
							-0.1 (-0.4, 0.1)

						
							
							-0.1 (-0.4, 0.3)

						
							
					

					
							
							Min-Max

						
							
							-12.7, 13.6

						
							
							-0.9, 0.9

						
							
							-1.0, 1.3

						
							
					

					
							
							Diff area 1 – area 2 (mm²)

						
							
							
							
							0.020

						
					

					
							
							Median (Q1-Q3)

						
							
							-0.3 (-7.4, 4.0)

						
							
							1.8 (-2.1, 6.1)

						
							
							1.4 (-4.3, 6.2)

						
							
					

					
							
							Min-Max

						
							
							-299.2, 209.4

						
							
							-16.2, 15.7

						
							
							-24.7, 14.6

						
							
					

					
							
							Sex

						
							
							
							
							
							0.350

						
					

					
							
							Male

						
							
							42 (52.5%)

						
							
							51 (63.7%)

						
							
							46 (59.0%)

						
							
					

					
							
							Female

						
							
							38 (47.5%)

						
							
							29 (36.2%)

						
							
							32 (41.0%)

						
							
					

				
			

			Note: CLP: Cleft Lip and Palate (Unilateral and Bilateral); Class I and Class III: Types of malocclusions; Area 1: Heron's equation; Area 2: Trigonometric equation; mm² = squared millimeters; (°): sexagesimal degrees; Angle C: NS Ba angle estimated from Area 1; Diff area 1 – area 2 = absolute difference of areas; NS Ba: Nasion-Sella Basion Angle; Diff angles: absolute difference between NS Ba and Angle C; p-value: Kruskal-Wallis test. 

			Table 6. MANCOVA model.

			
				
					
					
					
					
					
					
				
				
					
							
							Source

						
							
							Statistic

						
							
							Value

						
							
							df

						
							
							F

						
							
							p-value

						
					

					
							
							Group1 (Skeletal class)

						
							
							Wilks Lambda

						
							
							0,898

						
							
							2

						
							
							1,94

						
							
							0.028

						
					

					
							
							Group1 (Skeletal class)

						
							
							Pillai Trace

						
							
							0,103

						
							
							2

						
							
							1,94

						
							
							0.027

						
					

					
							
							Group1 (Skeletal class)

						
							
							Lawley-Hotelling Trace

						
							
							0,110

						
							
							2

						
							
							1,94

						
							
							0.028

						
					

					
							
							Group1 (Skeletal class)

						
							
							Roy Largest Root

						
							
							0,073

						
							
							2

						
							
							2,62

						
							
							0.017

						
					

					
							
							Age (covariate)

						
							
							Wilks Lambda

						
							
							0,524

						
							
							18

						
							
							1,35

						
							
							0.012

						
					

					
							
							Age (covariate)

						
							
							Pillai Trace

						
							
							0,598

						
							
							18

						
							
							1,34

						
							
							0.015

						
					

					
							
							Age (covariate)

						
							
							Lawley-Hotelling Trace

						
							
							0,697

						
							
							18

						
							
							1,36

						
							
							0.010

						
					

					
							
							Age (covariate)

						
							
							Roy Largest Root

						
							
							0,261

						
							
							18

						
							
							3,15

						
							
							<0.001

						
					

				
			

			* MANCOVA: ns1, S Ba, N Ba, N S Ba, N S Ar, Angle C degrees = Group1 (ref: Class I) + Age. N=238.

			

			Table 7. ANCOVA results.

			
				
					
					
					
					
					
					
					
					
					
					
					
					
				
				
					
							
							
							Class III vs

							I (coef)

						
							
							SE

						
							
							p-value

						
							
							Cleft

							vs 

							I (coef)

						
							
							SE

						
							
							p-value

						
							
							Cleft

							vs 

							III (coef)

						
							
							SE

						
							
							p-value

						
							
							F

							omnibus

						
							
							P omnibus

						
					

					
							
							N S Ba

						
							
							-0.387

						
							
							0.872

						
							
							0.658

						
							
							2.404

						
							
							0.909

						
							
							0.009

						
							
							2.791

						
							
							0.953

						
							
							0.004

						
							
							5.015

						
							
							0.007

						
					

					
							
							N S Ar

						
							
							-0.836

						
							
							0.864

						
							
							0.334

						
							
							2.665

						
							
							0.901

						
							
							0.003

						
							
							3.501

						
							
							0.945

						
							
							0.000

						
							
							7.425

						
							
							0.001

						
					

					
							
							ns1

						
							
							-0.627

						
							
							0.509

						
							
							0.219

						
							
							-1.515

						
							
							0.531

						
							
							0.005

						
							
							-0.888

						
							
							0.557

						
							
							0.112

						
							
							4.073

						
							
							0.018

						
					

					
							
							S Ba

						
							
							-0.719

						
							
							0.461

						
							
							0.120

						
							
							-1.074

						
							
							0.481

						
							
							0.026

						
							
							-0.355

						
							
							0.504

						
							
							0.482

						
							
							2.716

						
							
							0.068

						
					

					
							
							N Ba

						
							
							-1.501

						
							
							0.782

						
							
							0.056

						
							
							-1.507

						
							
							0.815

						
							
							0.066

						
							
							-0.006

						
							
							0.855

						
							
							0.995

						
							
							2.488

						
							
							0.085

						
					

					
							
							Area 1

						
							
							-13.974

						
							
							22.492

						
							
							0.535

						
							
							-82.998

						
							
							23.448

						
							
							0.000

						
							
							-69.023

						
							
							24.587

						
							
							0.005

						
							
							6.752

						
							
							0.001

						
					

					
							
							Area 2

						
							
							-20.384

						
							
							21.707

						
							
							0.349

						
							
							-83.905

						
							
							22.629

						
							
							0.000

						
							
							-63.520

						
							
							23.728

						
							
							0.008

						
							
							7.130

						
							
							0.001

						
					

					
							
							Angle C

						
							
							-0.741

						
							
							0.913

						
							
							0.418

						
							
							2.323

						
							
							0.952

						
							
							0.015

						
							
							3.064

						
							
							0.998

						
							
							0.002

						
							
							5.087

						
							
							0.007

						
					

					
							
							Diff angles

						
							
							-0.354

						
							
							0.218

						
							
							0.106

						
							
							-0.081

						
							
							0.227

						
							
							0.722

						
							
							0.273

						
							
							0.238

						
							
							0.253

						
							
							1.387

						
							
							0.252

						
					

					
							
							Diff area1 - Area2

						
							
							6.410

						
							
							4.034

						
							
							0.113

						
							
							0.907

						
							
							4.205

						
							
							0.829

						
							
							-5.503

						
							
							4.410

						
							
							0.213

						
							
							1.394

						
							
							0.250

						
					

				
			

			DISCUSSION

			The results of the present study align with most previous reports in the literature, demonstrating a larger cranial base angle (CBA) (N-S-Ba and N-S-Ar) in the CLP group compared to the Class I and Class III control groups (p<0.001) (22-24). This trend may be related to the fact that the craniofacial morphology of children with CLP is intrinsically different as a result of a distinct morphogenetic pattern, adaptive changes in these patients, or a combination of both (8,25). These differences could impact the growth and positioning of facial structures, potentially contributing to the development of abnormal sagittal and/or vertical skeletal relationships. Similarly, a larger cranial base angle in a patient with cleft lip and palate sequelae may have significant effects on facial development, airway function, speech, and auditory functions.

			In this regard, Gopinath et al. (2017) observed that patients with CLP had a Class III skeletal relationship and an obtuse cranial base angle compared with Class I subjects (26). Later confirmed by a meta-analysis (3). 

			However, the relationship between the cranial base angle and maxillary position is unclear, considering that other studies did not find significant differences in cranial base behavior among the mentioned groups (16,27,28). These studies suggest that Class III malocclusion due to maxillary retrognathism, frequently found in patients with CLP, is more a result of the surgical procedures these patients often undergo (palatoplasty) than of the morphological behavior of the cranial base. Additionally, an increased cranial base angle (CBA) is associated with a clockwise mandibular rotation (29), resulting in a more posterior mandibular position, which would be favorable for CLP patients with a horizontal growth pattern and Class III skeletal relationship—traits commonly seen in these patients. However, this would be unfavorable for patients with a vertical growth pattern, which is an aspect to consider when determining the orthodontic and orthopedic treatment options required.

			A smaller size of the anterior cranial base (ACB) S-N and posterior cranial base (PCB) S-Ba was also observed in the CLP subjects (2.2 mm, p<0.001 and 1.5 mm, p=0.001), findings that have also been reported in previous studies (30-33), but which contradict the results reported by Tinano et al. (2015) (16). These differences in findings could be explained by considering that most of the studies included individuals with varying types and severities of cleft lip and palate, which could present differences in cranial base morphology. Therefore, although these individuals required different treatment procedures, and these were not performed systematically, the cranial base is not influenced by the surgical, orthopedic, or orthodontic treatments that these patients typically require (34).

			Considering that cranial base size has a significant impact on both the sagittal and vertical relationships of the jaws, the reduced size of the anterior cranial base may also explain the frequent presence of maxillary retrognathism in these subjects (16,26,35). On the other hand, the behavior of the length of the posterior cranial base (S-Ba) typically has a significant impact on the sagittal and vertical relationships of the jaws, being associated with a hyperdivergent growth pattern when reduced. Patients with this vertical growth pattern tend to exhibit a more pronounced mandibular plane inclination and an increased gonial angle. This reduction in clivus length, observed in subjects with CLP, supports the conclusions of Sandham & Cheng (1988), who suggest that this anomaly and changes in the spheno-occipital synchondrosis, which controls clivus length, may be related (30). Although CLP primarily affects facial structures, it may be associated with other bodily alterations, especially when it is part of a genetic syndrome or when there are concurrent anomalies, such as scoliosis, as noted by several authors (30,36-38).

			Our results indicate that the CBA remains relatively stable during postnatal growth, as no statistical differences were found in the CBA between the ages of seven and 25 years, a result consistent with previous reports in other studies (39,40). Since this angle is established early in life, clinicians can determine the direction of mandibular growth and predict treatment outcomes for subjects with CLP. In contrast, the measurements of the anterior and posterior cranial base size showed a significant increase with age (p<0.001), approaching 5% in both cases. These results align with findings reported in previous systematic reviews, noting that the Sella turcica remodels backward and downward, and the nasion moves forward as a consequence of an increase in the size of the frontal sinus, along with a downward and backward displacement of Ba (41,42). These events lead to a continuous increase in the length of the anterior and posterior cranial base until adulthood.

			The results of the MANCOVA model suggest that the morphology of the cranial base should be understood as a multivariate craniofacial pattern, rather than as the sum of independent linear or angular measurements. Even after adjusting for age, the skeletal group maintained a significant association with the combined dimensions of the cranial base and the angular variables, supporting the notion that the differences observed between Class I, Class III, and CLP subjects do not appear to be explained solely by changes related to craniofacial maturation or development.

			One of the most consistent findings derived from the results obtained from the ANOVA model in the present study was that the angular measurements of the cranial base were significantly greater in the cleft group, including N-S-Ba, N-S-Ar, and angle C. The absence of differences between Class I and Class III suggests that these variations may be more specifically associated with the cleft phenotype than with the sagittal skeletal pattern alone. The markedly reduced areas of the cranial base observed in subjects with clefts reinforce the concept that differences in the cranial base involve not only angular configuration but also dimensional reduction of specific cranial regions.

			

			In relation to studies conducted in Colombian populations, our results are consistent, as we found a significant reduction in cranial base size, as well as a greater cranial base angle in subjects with CLP compared to the group without this condition (18).

			Similarly, the study published by Jiménez et al. (2020), which analyzed facial growth changes in the mestizo Colombian population, aligns with our results by showing an increase in the size of the anterior cranial base in subjects without craniofacial alterations between the ages of seven and 25 years (43). It is important to note that the magnitude of these changes was greater in this unaffected population compared to our results, which included subjects with CLP, given the differences in growth rate and magnitude, which are slower in individuals with CLP, as indicated in previous publications (18,31,44). Thus, it is relevant to determine whether patients with and without clefts show differences in their craniofacial growth and development due to the implications for treatment outcomes and the clinical management timelines these aspects may entail.

			The 12% reduction found in the area of the anterior and posterior cranial base in patients with CLP, while it may have some subtle repercussions, is not sufficient by itself to cause severe functional alterations. However, in the context of a patient with CLP, any difference in the cranial base could influence their overall development and function, particularly if they already present respiratory issues or facial malformations. Sherwood et al. (2001) performed a comparative study of cephalometric measurements in preserved normal human fetuses compared with fetuses with CLP, and used in their descriptions, areas as it was done in this study. However, they did not mention the methodology used to estimate areas, and their findings show that the growth of the skull base in fetuses with CLP shows a pattern characterized by greater development of the anterior skull base and a marked delay in the posterior skull base, this reinforces the hypothesis that cleft lips is not just a localized defect, but a condition that affects other craniofacial structures (45).

			The use of digital technology to perform tracings and locate cephalometric points through a recording program is an advantage of our study, when compared to the manual methodology used in other studies of the same population and others (16,46). On the other hand, we must mention that lateral cephalometric radiographs used to obtain cranial base measurements are prone to magnification and image distortion errors (47). These differences, in our case, were corrected by taking all radiographs in a natural head position and using a metallic ruler, present in all radiographic images used, affecting all three analyzed groups uniformly; therefore, the findings would not be altered. 

			One of the main limitations of the present study, which could compromise the generalization of the results, is the lack of a larger number of subjects with unilateral (UCLP) and bilateral cleft lip and palate (BCLP), which made it difficult to identify possible clinical or statistical differences in the behavior of the cranial base between these two phenotypes. Since no significant differences were observed in the available sample, both groups were combined for statistical purposes. In this regard, multicenter and multidisciplinary studies are recommended, with larger sample sizes, considering other cleft sub phenotypes, ethnic diversity, and approaches oriented towards genetic analysis. These strategies could improve the robustness and reliability of the results reported to date in scientific literature.

			Furthermore, due to the retrospective nature of the study, it was not possible to obtain complete information about the timing of surgical interventions or the history of prior orthopedic or orthodontic treatment for all participants. Although these procedures may influence growth and dental-skeletal morphology, particularly of the maxillofacial complex, their impact on the dimensions of the cranial base may be more limited, given the early development and relative stability of this structure during growth (48). However, a possible residual confounding effect cannot be completely ruled out; therefore, this condition should be considered a limitation of this study.

			CONCLUSIONS

			The results of this study reveal differences in the behavior of angular, linear, and area measurements of the cranial base between individuals with and without CLP. On the other hand, it was identified that the cranial base angle remained stable between the ages of seven and 25 years, while the anterior and posterior cranial base lengths increased slightly but progressively during these ages. Finally, considering that subjects with CLP exhibited a larger cranial base angle, the results suggest that Class III malocclusion in these individuals could be primarily associated with maxillary behavior.
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							Measurement

						
							
							Comparison

						
							
							Median

						
							
							p (25th-75th)

						
							
							Spearman

						
							
							95%CI

							(Lower-Upper)

						
							
							P value

						
					

					
							
							NSBa (º)

						
							
							Inter

						
							
							0.30

						
							
							-  0.48

						
							
							0.80

						
							
							0.94

						
							
							0.77

						
							
							0.99

						
							
							0.000

						
					

					
							
							NSAr (º)

						
							
							Inter

						
							
							1.00

						
							
							0.00

						
							
							2.00

						
							
							0.91

						
							
							0.66

						
							
							0.98

						
							
							0.000

						
					

					
							
							NS (mm)

						
							
							Inter

						
							
							0.23

						
							
							- 0.08

						
							
							0.62

						
							
							1.00

						
							
							1.00

						
							
							1.00

						
							
							0.000

						
					

					
							
							Sba (mm)

						
							
							Inter

						
							
							- 0.18

						
							
							-  0.64

						
							
							0.45

						
							
							0.99

						
							
							0.95

						
							
							1.00

						
							
							0.000

						
					

					
							
							N Ba (mm)

						
							
							Inter

						
							
							0.10

						
							
							-  0.02

						
							
							0.65

						
							
							0.98

						
							
							0.90

						
							
							0.99

						
							
							0.000

						
					

					
							
							NSBa (º)

						
							
							Intra

						
							
							- 0.35

						
							
							-  0.90

						
							
							0.25

						
							
							0.98

						
							
							0.90

						
							
							0.99

						
							
							0.000

						
					

					
							
							NSAr (º)

						
							
							Intra

						
							
							0.50

						
							
							-  1.00

						
							
							1.00

						
							
							0.99

						
							
							0.95

						
							
							1.00

						
							
							0.000

						
					

					
							
							NS_T2-T1 (mm)

						
							
							Intra

						
							
							0.10

						
							
							-  0.11

						
							
							0.38

						
							
							0.98

						
							
							0.93

						
							
							1.00

						
							
							0.000

						
					

					
							
							SBa_T2-T1 (mm)

						
							
							Intra

						
							
							0.56

						
							
							-  0.28

						
							
							1.11

						
							
							0.96

						
							
							0.85

						
							
							0.99

						
							
							0.000

						
					

					
							
							N Ba_T2-T1 (mm)

						
							
							Intra

						
							
							0.28

						
							
							-  0.05

						
							
							0.68

						
							
							0.96

						
							
							0.85

						
							
							0.99

						
							
							0.000

						
					

				
			

			Appendix 1. Inter and intraobserver differences in the angular (degrees) and linear (mm) cephalometric measurements, and Spearman rank correlations. Note: NS: Nasion-Sella line; S Ba: Sella-Basion line; N Ba: Nasion-Basion line; NS Ar Nasion-Sella Articulare Angle; N S Ba Angle: Nasion-Sella Basion Angle; CI95%= 95% confidence interval of the Spearman rank correlation; Spearman= Spearman rho;  °Sexagesimal degrees; mm=milimeters.

			
				
					
					
					
					
					
				
				
					
							
							
							7-11

						
							
							12-14

						
							
							15-25

						
							
							P Value

						
					

					
							
							Area 1

						
							
							
							
							
							<0.001

						
					

					
							
							Median 

							(Q1, Q3)

						
							
							876.4  (790.0, 947.2)

						
							
							1010.5  (911.1, 1106.6)

						
							
							1057.1  (952.4, 1155.0)

						
							
					

					
							
							 Min, Max

						
							
							617.7, 1150.0

						
							
							627.4, 1370.9

						
							
							649.5, 1404.1

						
							
					

					
							
							Area 2

						
							
							
							
							
							<0.001

						
					

					
							
							Median 

							(Q1, Q3)

						
							
							878.0  (792.5, 954.6)

						
							
							1009.2  (902.5, 1111.2)

						
							
							1055.6  (953.7, 1151.9)

						
							
					

					
							
							Min, Max

						
							
							611.5, 1158.4

						
							
							634.1, 1303.4

						
							
							648.5, 1400.7

						
							
					

					
							
							Angle C (°)

						
							
							
							
							
							0.002

						
					

					
							
							Median 

							(Q1, Q3)

						
							
							132.2  (128.2, 135.7)

						
							
							130.3  (125.3, 133.1)

						
							
							128.7  (124.7, 132.4)

						
							
					

					
							
							 Min, Max

						
							
							120.2, 141.1

						
							
							117.6, 141.7

						
							
							115.3, 151.9

						
							
					

					
							
							Diff angles (°)

						
							
							
							
							
							0.515

						
					

					
							
							Median 

							(Q1, Q3)

						
							
							-0.1  (-0.4, 0.4)

						
							
							-0.1  (-0.3, 0.2)

						
							
							-0.1  (-0.4, 0.3)

						
							
					

					
							
							Min, Max

						
							
							-2.1, 5.9

						
							
							-12.7, 0.9

						
							
							-1.2, 13.6

						
							
					

					
							
							Diff Area 1 – Area 2 (mm2)

						
							
							
							
							
							0.510

						
					

					
							
							Median 

							(Q1, Q3)

						
							
							1.4  (-5.8, 5.5)

						
							
							1.8 (-2.6, 4.9)

						
							
							1.3  (-4.3, 5.3)

						
							
					

					
							
							Min, Max

						
							
							-75.5, 34.0

						
							
							-13.7, 209.4

						
							
							-299.2, 16.0

						
							
					

					
							
							Sex

						
							
							
							
							
							0.287

						
					

					
							
							Male

						
							
							30 (63.8%)

						
							
							35 (50.7%)

						
							
							74 (60.7%)

						
							
					

					
							
							Female

						
							
							17 (36.2%)

						
							
							34 (49.3%)

						
							
							48 (39.3%)

						
							
					

				
			

			Appendix 2. Angles and areas estimated by age groups. 
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ABSTRACT: The morphology of the skull base and its variations cause multiple alterations not only in
the pharyngeal space but also in respiratory function, masticatory force, and occlusal relationships. The
objective was to compare the morphology of the cranial base in individuals with no syndromic cleft lip and
palate (CLP) with that of control subjects with Class | and Ill skeletal malocclusion. Retrospective cross-
sectional study based on digital lateral skull radiographs. Subjects were classified as having unilateral
CLP (UCLP) or bilateral CLP (BCLP). Comparisons were made with Class | and Il skeletal malocclusion.
Triangular areas were estimated algebraically. Intra and interrater correlations were high (Spearman’s
rho >0.98). Nonparametric statistical tests were used in addition to ANCOVA and MANCOVA models. A
total of 238 individuals were included: 80 with Class | malocclusion, 80 with Class lll malocclusion, and
78 with CLP (31 BCLP and 47 UCLP). Of the total, 41.59% (n=99) were women. Comparisons of the
measured lengths and angles revealed significant differences between groups. As age increased, the
length of the anterior (NS) and posterior (SBa) cranial bases increased, with differences between age
ranges. Likewise, a shorter cranial base length and a larger cranial base angle (NSBa) were observed
in the CLP group compared with the others. The results of this study identified significant differences in
cranial base measurements between individuals with CLP and those with Class | and Il malocclusions.

KEYWORDS: Cleft Lip; Cleft palate; Malocclusion; Skull Base; Dental anomaly; (MeSH).
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