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The human skull is a complex structure due to its modular

organization. Cranial modules are distinct and partially

independent functional units that substantially interact

during ontogeny, thus generating morphological

integration (1).

Morphological integration refers to the tendency of

structures to show correlated variations because they

develop in response to shared developmental processes

or function in concert with other structures (2).

The genetic imbalance caused by trisomy 21 modifies

developmental morphogenetic pathways (3) and causes

“amplified developmental instability” resulting in

asymmetry and greater variation in phenotypic

characteristics (4,5).

INTRODUCTION

The aim of this study was to determine the relationships

between the measures of various cranial-cervical-facial

structures in patients with Down syndrome (DS).

OBJECTIVES

We selected 41 CBCTs belonging to individuals with no known systemic disease or severe malformations of the

maxillofacial bones, which comprised the control group (CG) paired by age and sex with the study group. In each

CBCT, we performed 29 measurements that were grouped into 3 blocks: atlantoaxial, craniocervical and

cephalometric.

To determine whether there were significant differences between the measures obtained from the DS group and

CG, we applied the multiple analysis of variance and linear discriminant analysis tests. The analysis of the

association between blocks (by pairs) was performed with the canonical correlation analysis test.

MATERIAL & METHODS

The measures evaluated in the 3 blocks of variables were

statistically significant when comparing the DS group and CG

(p<0.001). The greater discriminatory capacity for identifying

patients with DS and the CG was achieved with the

cephalometric measures (87.5%), followed by the

craniocervical measures (83.3%). With regard to the 2-to-2

association between the blocks of measurements, we found no

significant relationship in the DS group. In the GC, however,

we confirmed a statistically significant correlation between all

pairs of variable blocks, especially between the atlantoaxial

and cephalometric measurements (p<0.001) and between the

craniocervical and cephalometric measurements (p<0.001).

RESULTS

CONCLUSION

The morphological integration of cranial-cervical-facial

structures is poorer in DS than in the non-syndromic

population. This finding probably indicates that the growth

pattern for DS is more heterogeneous and less predictable,

and this could potentially affect the results of certain

interventions of orthopedic or surgical nature.
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Figure  1.

Figures 1. Some examples of Atlanto-axial measurements: [A] The atlanto-axial interval (AA), 3 on each side, left (L) 
and right (R), mesial (1), medial (2) and distal (3); and the lateral atlanto-dens interval (LAD) on left and right sides 
(LAD-L and LAD-R). [B]The sagital atlanto-dens interval (SAD). 

The study group consisted of 41 individuals with DS who

underwent cone beam computed tomography (CBCT) in

the Dental Radiology Unit of the University of Santiago de

Compostela (Spain).
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Figure 2. An example of Cranio-cervical measurements: The Wackenheim line. Figure 3. Some examples of Cephalometric
measurements: [A]. Distance from landmark B to McRae's perpendicular; [B] Length of body and ramus of mandible. 


