Fractal analysis of cranial suture during growth
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Abstract

It is important to understand the manner of craniofacial growth when treating a

patient in the growth period. Cranial sutures have been investigated with a variety of

methods, with fractal dimensions used to elucidate the complexity of the suture.

However, the relationship between fractal dimension and dentition during growth has

not been investigated. In the present study, we analyzed the fractal dimensions of

calvarial sutures with different types of Hellman’s dentition.

We examined 80 skulls obtained from India in this study, which were divided into 4

groups based on Hellman’s dentition (IIA, IIIA, ITIB, IVA). The FH plane of each

specimen was set parallel to the horizontal plane, then imaging was performed from

the upper part using a digital camera. Following binarization, the fractal dimensions

were calculated. The region of interests were set in the left and right sides of the

coronal suture, and anterior and posterior regions of the sagittal suture.

The fractal dimensions increased according to the advance of dentition. Each side of

the coronal suture and anterior region of the sagittal suture were significantly increased



in stage IVA. In the posterior region of the sagittal suture, the fractal dimension began

to increase from stage IIA.

Qur results showed that advances in the calvaria fractal dimensions occurred

according to the increase in dentition in all regions.
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Introduction
Cranial sutures have been investigated with a variety of methods. For
anthropological studies, a scoring system is used to evaluate suture obliteration",
though it seems to be rather subjective. In biomechanical examinations, it is assumed
that a suture with high interdigitation is more resistant to bending”. Construction of a
mathematical model for pattern forming in cranial sutures has also been attempted®.
To quantify the degree of interdigitation in cranial sutures, fractal dimension (FDs)

4-10)

have been used in many studies” ", with fractal analysis performed to quantify suture



complexity in cranial regions. A straight line has a fractal dimension of 1 and a solid

plane a fractal dimension of 2 ¥, Fractal analysis of 31 complete skulls was performed

to determine whether suture FD measurements are related to age, though no correlation

was found”. However, no known previous studies have investigated the relationship

between dentition and suture FDs in the cranium. In the present study, we determined

the FDs of sutures in the cranium of specimens classified according to Hellman’s

dental age to determine whether FD increase occurs in accordance with dentition

growth.

Materials and methods

We examined 80 skulls from India in the possession of the Division of Oral

Anatomy, Ohu University School of Dentistry. None of the skulls had missing teeth,

deformation, or dental caries. There were categorized into 4 groups of 20 skulls each

based on Hellman’s dental stage IIA, IIIA, IIIB, and IVA.

For the examinations, each skull were set according to the FH plane, including the



upper margin of each side of the external auditory meatus (po) and left lower margin of

the orbitale (or). The FH plane was set parallel to the floor. The ruler was set at the

point of the highest position of the skull as a reference for length. All images of the

skulls were obtained by use of a digital camera (EOS 7D Mark II, Canon, Japan).

Regions of interest (ROIs) were set on each side of the coronal suture, while those for

sagittal suture were set on anterior and posterior positions.

On each side of the coronal suture a reference line were placed from the coronale,

the lateral margin of the coronal suture in the skull to a point on the coronal suture 1

c¢m from the bregma, the node point of the cranial suture. The center of the ROIs on the

left (Fig. 1A) and right (Fig. 1B) sides of the coronal suture were set at points in a

medial one-third position. On the sagittal sutures from a point 1 cm from the bregma to

the opisthocranion, the posterior margin of the skull was divided into 3 parts. The

center of the ROIs in the anterior (Fig. 1C) and posterior (Fig. 1D) regions were set at

points in the anterior and posterior one-third positions, respectively. The ROIs were

rectangles set at 15x20 mm, parallel to the long axis of the suture. All images of the



ROIs were binarized and FDs were measured using a box-counting method with Image

J (US National Institutes of Health, http://rsb.info.nih.gov/nih-image).

For statistical analysis, comparisons between groups were performed using

Mann-Whitney’s U-test.

Results

On the left side of the coronal suture (Fig. A), the FD was 1.125 in Hellman dental

stage IIA and then increased to 1.316 in stage IVA. Similarly, on the right side of the

coronal suture (B), the FD was 1.133 in stage ITA and increased to 1.317 in stage IVA.

In the coronal suture, the FD was increased significantly from IIIA to IIIB on the left

side and from I1IB on the right.

As for the sagittal suture, the FD increased from 1.211 in stage ITA to 1.344 in stage

IVA in the anterior region (Fig. 1C) and from 1.313 to 1.475 in the posterior region

(Fig. 1D). In the sagittal suture, the FD in the anterior region significantly increased

from stage IIIB, while in the posterior region a significant increase began from stage



[IA (Table 1, 2).

Discussion

Fractal geometry computations have been used to examine the spatial complexity of

cranial sutures™'?. FD is an index of the space filling properties of the measured object,

in which a straight line has a fractal dimension of 1 and a solid plane a fractal

dimension of 2. As the line becomes more complex, the FD value increases towards 2

Y In dentistry, fractal geometry is used for many purposes including maxillofacial

radiology examinations®. With mixed dentition, to investigate changes of the internal

structure of the articular eminence in temporal bone during growth, the FD is measured

for creation of a morphological index”. To objectively evaluate mandibular bone

healing following surgical treatment with digitized panoramic radiograph images, FDs

have been used®.

In a previous anthropological study, FD values for human sagittal and coronal

sutures were used to estimate age, though no correlation was found with either of those



values and age”. In another study, 103 dry skulls from humans aged 14 to 60 years
were used to compare FDs and age, and those results also found a lack of correlation” .
In our study, FD values for the coronal and sagittal sutures were increased according to
the growth of dentition. Naitoh et al. divided 100 human dry skulls into 4 groups
according to Hellman’s dental age and performed measurements using CT images.
They found that the size of the calvaria was remarkably increased from the stage IA to
IC, then increased only slightly up to stage IIIA"".

In the present study, the FD of the calvaria suture increased significantly after stage
IITA. Accordingly, the period of remarkable size increase was shown to occur in the
carly period. In addition, the complexity of the suture increased during the mixed
dentition stage.

Fractal dimensions in white-tailed deer were measured from the antler to the
morphology of the cranial suture to examine the effects of biomechanical factors.

There was no significant increase in the FD of the calvarial suture with age, and no

significance between males and females in regard to suture complexity”. Also, a



biomechanical investigation revealed an increase in energy absorption by the suture in

correlation with a significant increase in suture complexity”. In morphological

findings, by determining the length ratio, calculated as the overall length of the suture

divided by its straight length, the complexity of the zygomatic temporal suture in the

visceral cranium was found to increase from stage ITA'Y. The zygomatic arch

including the zygomatic temporal suture is attached by the masseter to the mastication

muscle. The ROIs in this study were also effected by the temporal mastication muscle.

Mechanical stress might have effects on the morphology of these sutures. Nevertheless,

the calvaria is affected by growth of the central nervous system. Coronal and sagittal

sutures exist in the calvaria, and the zygomatic temporal suture is present in the

visceral cranium. Thus, there are differences between these sutures in regard to the

period when increase occurs.

In the human sagittal suture, the anterior portion seems to have less amplitude width

than the posterior portion®. In our study, the sagittal suture was quantified by FDs and

the posterior region was shown to be larger than the anterior region in all stages of
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dentition.

To quantitatively and objectively evaluate the maturation of the mid-palatal suture,
FDs in cone-beam CT images were analyzed'”, then those results were compared to
the maturation classification suggested by Angelieri'”, which uses CBCT images and
divides into 5 types. The FD values were considered reasonable for determining the
maturation of the mid-palatal suture. They found a strong negative correlation between
fractal dimension and maturation stage of the mid-palatal suture. Thus, instead of
directly comparing the FDs, use of another cranial suture for specific reference would
likely increase the accuracy of the evaluation'”.

In the present study, we investigated changes in the FDs of calvaria according to
dentition stage. During growth, the FD increased in all regions. In the future, the

relationships among FD values of the sutures should be used to more accurately

evaluate suture maturation.

11



Conclusion

Our results showed that FD values increase according to the advance of dentition.

While those values for all regions of the coronal and sagittal sutures were significantly

increased, regional differences were noted. In the posterior region of the sagittal suture,

FDs were found to increase from the early period.
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Figure legends

Fig. 1

Setting of regions of interest in calvarial sutures.

A. Coronal suture, left side.

B. Coronal suture, right side.

C. Sagittal suture, anterior.

D. Sagittal suture, posterior.

Table 1

Fractal dimensions of each suture

Table 2

Results of statistical analysis



Fig.1

II A (n=20) A (n=20) B (n=20) IVA (n=20)
Left coronal 1,125 1:133 1.201 1.316
S‘(‘;‘;’e £0.079 £0.071 +0.081 +0.115
Right coronal 1.133 1.163 1.190 1.317
S‘(‘;')"e +£0.087 +0.087 £0.088 +0.159
Anterior 1211 1234 1.275 1344
S“gi“f(l.’;”t“re £0.072 +£0.098 £0.091 10,143
Posterior 1313 1382 1394 1.475
sagittal suture ) 193 +0.088 +0.092 10,084

(D)

Table 1



OA | IIA | IIB | VA ; OIA | A | IIB | IVA
IA oA
A mA
mB * * mB
IVA | * % | * % * VA | * % | % % *

IA | ITA | TIB | IVA 0A | IIA | B | IVA
oA IA
A IMA *
mB mB *
IVA | % % | * % | % % IVA | % % | % % | % %

* 1 <0.05 ; * %k 1 <0.01

Table 2






