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Introduction: Three-dimensional simulation has been well developed and become almost common for pre-surgical planning; in
addition, several studies have reported on the growth evaluation of children. Nevertheless, the estimation of the facial growth of
humans in the early prenatal period has still remained difficult because the facial skeletons of the human fetuses drastically change
in size and shape. To quantify and simulate the shape change, we applied Geometric Morphometrics (GM). GM is an analysis based
on the landmark coordinates and can retain complete geometric information.

Materials & Methods: Magnetic resonance images were obtained from 53 human embryos and fetuses in the early fetal period. A
total of 65 landmarks were defined on the surface of the facial skeleton. To standardize the mouth-opening condition, the landmarks
of the mandible were rotated around the axis connecting bilateral condyles. We calculated and visualized the shape change of the
facial skeleton with growth. Furthermore, we calculated the degree of the development.

Results: The human mid-facial skeleton developed in anterolateral direction in the early prenatal period. The mandible relatively
decreases in length in the antero-posterior dimension and widens in the lateral dimension. The facial skeleton rapidly grew until
around 13 weeks of gestation (gw); consequently, the human fetuses acquired the shape of the facial skeleton similar to that of the
neonate around that period.

Conclusion & Significance: We could quantify the growth trait of the human facial skeleton in the early fetal period and illustrate
it in three dimensions; that is, we could provide the growth estimation model, which enables us to easily grasp the development
intuitively. In addition, if we apply GM for the morphological analysis of young patients undergoing surgery, we may produce the
prediction of the influence of the treatment in facial growth in three dimensions, as well as perform its quantification.

The images demonstrated the shape change of the facial skeleton
along with the growth vector from -2 SD to +2 SD.
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