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Development of a Customized Helmet Design System for Patients with Plagiocephaly
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Abstract: This study developed a three-dimensional helmet mold design software that can design helmets for treating the
infant plagiocephaly (flat head syndrome) using three-dimensional head scan data. For this, the three-dimensional head data
of sixth SizeKorea body measurement project as well as the data produced by a head modeling software were used to prepare
the head shape data of plagiocephaly patients. A total of 14 landmarks and 10 dimensions of heads required for helmet mold
shape design and plagiocephaly diagnosis were automatically measured using an anthropometric analysis software. Using the
software developed in this study, plagiocephaly can be diagnosed not only visually by three-dimensional head data visualization
but also quantitatively by calculating the medically defined indices such as cranial index, which measures the proportions of
the head, and the cranial vault asymmetry index, which measures the asymmetry of the head. The basic shape of the helmet
mold was automatically generated based on the head scan data. Additionally, it is possible to fine tune the shape of the mold
to reflect individual characteristics by using a free form deformation technique. Finally, the designed helmet mold was con-
verted into the data that can be printed on a three-dimensional printer for generating the actual prototype.
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2.2. A& (Plagiocephaly)
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Fig. 1. 3D head measurement.
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CVAI(Cranial Vault Asymmetry Index)= ™z]9] H]-&L A
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7= Width N
Depth
CI<65% = Severe Scaphocephaly
65% < CI <75% = Moderate Scaphocephaly
75% < CI <85%= Normal
85% < CI <95%=Moderate Brachycephaly
95% < CI=Severe Brachycephaly

100 Q)

A—B
m|ax(A, |B) &)
CVAI <3.5% = Normal
3.5% < CVAI < 6.25% = Light
6.25% < CVAI < 8.75%=Medium
8.75% < CVAI < 11% = Serious
11% < CVAI = Critical

CVAI =

Where, Width=Horizontal distance between the points of
the tragion Depth=Distance between glabella to the occiput

A =Length of diagonal 1

B =Length of diagonal 2
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Fig. 3. Visualization of 3D head data.
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Fig. 4. Helmet mold deformation using free form deformation.
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Fig. 5. Overview of plagiocephaly helmet designer.

Fig. 6. Visual comparison of 3D head data.
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Table 1. Example of plagiocephaly diagnosis
No Test depth Test width  Score 1 Status Short Dia. Long Dia.  Score 2 Status
1 198.0 159.0 80.3 Normal 188.8 188.8 0.0 Normal
2 193.0 167.0 86.5 Moderate. brachycephaly 164.1 190.5 139 Critical
3 181.0 173.0 95.6 Severe brachycephaly 162.1 191.2 152 Critical
4 189.0 175.0 92.6 Moderate brachycephaly 171.1 189.4 9.7 Serious
5 198.0 157.0 79.3 Normal 187.3 187.3 0.0 Normal
6 179.0 181.0 101.1 Severe brachycephaly 166.2 189.8 124 Critical
7 201.0 156.0 77.6 Normal 189.7 189.8 0.0 Normal
8 181.0 163.0 90.1 Moderate brachycephaly 169.8 184.2 7.8 Medium
9 165.0 167.0 101.2 Severe brachycephaly 166.9 169.0 12 Normal
10 217.0 159.0 733 Moderate scaphocephaly 196.7 205.8 44 Light
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Fig. 7. Examples of 3D printed mold.
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