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Background: The squamous segment of occipital bone consists of cartilaginous and membranous origin. The cartilaginous
part develops to supra-occipital bone. The membranous part has three primary ossification centers on each side. The first
pair ossification center lies above the cartilaginous part between the superior nuchal line and the highest nuchal line and fuse
with the cartilaginous part to form a supra-occipital segment of occipital bone. The second and third pairs have two nuclei
each forming lateral and medial plates. All of these ossification centers fuse to form squamous segments of occipital bone. The
fusion failure between ossification centers of second and third pair nuclei with each other or supra-occipital segment causes
separated bone(s) called interparietal bone(s) or os incae. The interparietal bone should be differentiated from Wormian
(intrasutural) bone. The incidence from various studies ranges from 0.37% to 9.50% of the population.

Objective: To study the incidence and variation of interparietal bone in Northeastern Thailand as compared with other
studies.

Material and Method: A total of 400 Thai native skulls (276 male and 124 female) from the collection of Anatomical Museum
of the Faculty of Medicine Khon Kaen University aged from 16 to 93 years old were examined by naked eye and photographed.
Wormian bone was excluded by shape and site. The statistical method used was percentage of relative frequency.

Results: The incidence of interparietal bone in Northeastern Thailand is 7.25% (29 from 400). Males have a two times higher
incidence rate than females, (8.33% versus 4.84%). Eleven patterns of interparietal bone were found. Fusion failure of a third
pair ossification center is more common than second pair.

Conclusion: Knowledge of interparietal bone is useful for neurosurgeons and radiologists to avoid missed diagnosis of skull
fracture. Presented interparietal bone may cause difficulty in surgery of occipital and parietal bone. Forensic scientist can use

interparietal bone for personal identification.
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The occipital bone has dual origin from
cartilaginous and membranous ossification. It develops
in four parts: basiocciput, right and left exocciput and
squamous segments. The first three segments have
cartilaginous origin. The squamous segment consists
of cartilaginous and membranous origin. The
cartilaginous part develops in the supra-occipital bone.
The membranous part has three primary ossification
centers on each side®®. Occipital bone ossification
starts at fourth fetal month*®), The first pair ossification
center lies above cartilaginous part between the superior
nuchal line and the highest nuchal line is known as
torus occipitalis transverses or intermediate segment.
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These centers fuse with the other side and cartilaginous
part to form a supra-occipital part of occipital bone.
The second pair ossification center lies above the first
pair and have two nuclei on each side of the medial and
lateral forming a lateral plate. Medial nucleus fuses with
the first pair ossification center early while lateral
nucleus is separated and forms lateral fissure or
mendosal suture. The third pair ossification center lays
in vertical orientation with two nuclei superior and
inferior segments(?) forming a medial plate. The second
and third pairs fuse together to form interparietal bone®
(Fig. 1).

Interparietal bone of marsupials and alligators
is separated from parietal and occipital bone but unites
with parietal bones in a sea cow. In human and most
mammals the interparietal bone fuses with the supra-
occipital part to form a squamous segment of occipital
bone®.
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Fig. 1

The fusion failure between ossification
centers of second and third pair nuclei with each other
or supra-occipital bone causes separated bone(s) called
interparietal bone(s) or os incae. The interparietal bone
should be differentiated from wormian (intrasutural)
bone by shape and site. Wormian bones lie within the
cranial sutures or frontanelle and appear in additional
ossification centers mostly along lambdoid suture. The
mendosal suture normally fuses prior to birth but may
remain in adult®.

Brief history

Olaus Wormius (1671) the Danish anatomist
wrote a letter to Thomas Bartholin in which he
mentioned bone in suture line of skull. Bartholin named
it os wormianum (wormian bone). Bartolomeo Eustachi
(1744) described additional suture at occipital area and
drew a picture from Albinus. Geoffroy Saint-Hilaire
(1823) had studied skulls from museum and reported
additional bone behind parietal bones and called os
interparietale (interparietal bone). Bellamy (1842)
described transverse suture at the occipital area of a
mummy skull from Peru. Tschudi (1844) studied a
number of skulls from Peru and found the same
evidence and named os incae. There are a number of
terms used to describe this bone: interparietal bone, os
incae, os transversum crania, oS epactale, os
interparietale. The popular names are interparietal bone
and os incae®.

Material and Method

Atotal of 400 Thai native skulls (276 male and
124 female) from the collection of Anatomical Museum
of Khon Kaen University aged from 6 to 93 years old
were examined with the naked eye and photographed.
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Wormian bone was excluded by shape and site. The
statistical method used was a percentage relative to
frequency. In the present study the incidence and
variation of interparietal bone in Northeastern Thailand
has been studied and compared with other studies.

Results

The interparietal bones were founded in 29
from 400 skulls (7.25%). In male skulls, 23 from 276
interparietal bones were found with an incidence of
8.33% and 6 from 124 in female skulls with the incidence
of 4.84%.

The 29 skulls with interparietal bones have 11
patterns.

Pattern 1 was found in skull number 5, 52, 153,
and 276. Both superior nuclei of third pair fused
together but failed to fuse with the rest and created
horizontal suture close to lambda. The authors would
like to name “superior transverse suture”. The skull
number 276 in Fig. 2 shows one wormian bone in right
lambdoid suture.

Pattern 2 was found in skull number 74, 165,
203, and 342. Both superior and inferior nuclei of third
pair fused together but failed to fuse with the rest and
a created diamond-shape bone. The skull number 74 in
Fig. 2 shows one wormian bone in lambdoid sutures.

Pattern 3 was found in skull number 56, 105,
272, and 358. Additional “median vertical suture” to
pattern 2 from lambda to superior transverse suture
was observed which separated right superior and
inferior nuclei from the other side.

Pattern 4 was found in skull number 154. Both
superior nuclei and left inferior nucleus of third pair
fused together but failed to fuse with the rest.

Pattern 5 was found in skull number 40, 155,
and 220 and is the mirror image of pattern 4.

Pattern 6 was found in skull number 291.
Lateral nucleus of left second pair failed to fuse with
the rest.

Pattern 7 was found in skull number 183, 274,
286 which is the mirror image of pattern 6.

Pattern 8 was found in skull number 41, 152,
195, 289, and 301. All nuclei of second and third pair
fused together but failed to fuse with intermediate
segment which developed from first pair and created
“inferior transverse suture” at the level of highest
nuchal line. This pattern is classical interparietal bone
or Os Incae and the most common in the present study.

Pattern 9 was found in skull number 161 and
337. This pattern is like pattern 8 with additional “lateral
vertical sutures” on both sides, separated by lateral
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nuclei of both right and left second pair to another
piece of bones.

Pattern 10 was found in skull number 308 and
like pattern 8 with one “lateral vertical suture” on the
right side.

Pattern 11 was found in skull number 43. Both
superior and right inferior nuclei of third pair fused
with medial and lateral nuclei of second pair but failed
to fuse with the left inferior nucleus of second pair and
left second pair nuclei. The skull number 43 in Fig. 2
shows two wormian bones in right, three in left
lambdoid sutures and one in sagittal suture.

The other picture showed example of wormian
bone in both lambdoid and sagittal sutures.

Pattern 1-5, 6, 7, 8-11 are failures of fusion of
third pair, second pair and both pair ossification centers,
respectively. Pattern 4-7 and 10 are asymmetric.
Asymmetric patterns had 10 from 29 skulls with the
incidence of 34.48%.

Discussion

The brain of cyclostomes is protected by one
single cartilage. In the line of evolution, bony scale of
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Example of each pattern of interparietal bones and wormian bones.

fishes derived from membranous bone and cover roof
of cranium. Remarkable growth of cerebral cortex
expands the membranous roof of the skull. The
cartilaginous bone in origin covers only floor and lower
back of the brain. Phylogenetically, interparietal bone
fuse with parietal bone in sea cows, fuse with both
parietal and occipital bones in rats, is separated from
both bones in birds and alligators. In human and most
mammals, interparietal bone fuses with the supra-
occipital part to form squamous segment of occipital
bone®?).

Ranke (1913) described two pairs of
ossification centers of membranous occipital bone with
occasionally the third pair (pre-interparietal) at the
superior angle?, Srivastava (1977) confirms three-pair
center described by Ranke®. Pal (1984) pointed out
that “pre-interparietal” is misleading and its use should
be discontinued®.

According to Srivastava®” and Matsumuro
et al“®, the intermediate segment which lays between
the superior nuchal line and the highest nuchal line is
developed from the first pair ossification center of
membranous bone origin and always fuses with
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cartilaginous bone in origin to form a supra-occipital
segment. The second pair above the first pair has medial
and lateral nuclei in horizontal orientation forming a
lateral plate. Medial nuclei fused earlier, lateral nuclei
are separated from the intermediate segment by lateral
fissure or mendosal suture which is clearly
demonstrated in the fetus. The mendosal suture is
closed after birth. The third pair is vertical orientation
and also has two nuclei superior and inferior forming a
medial plate. Interparietal bone is formed by fusion of
nuclei of second and third pair ossification centers.
The failure of fusion between ossification centers of
second and third pair nuclei with each other or the
supra-occipital bone causes separated bone(s) called

9.50% (Table 3) with exceptional high 27.10% in
pre-historic Chile®?. The skull with interparietal bone
has more frequent wormian bone®. The present of
interparietal bone is increased in association with
coronal, metopic but not sagittal synostosis®®, The
present of interparietal bone can be misinterpreted as
skull fractures®>17,

In the present study the incidence of
interparietal bone is 7.25%. Males have a two-times-
higher rate than females (8.33% and 4.84%). Eleven
patterns of interparietal bone were found in the present

Table 1. Incidence of Interparietal bone

interparietal bone(s) or os incae. There are varieties of Number Interparietal bone  Percentage
interparietal bone with limited classification.

The incidence of interparietal bone is highin ~ Male 276 23 8.33
sub-Saharan Africa, northeast India and low in west _I;ertnzlale 41153 28 ‘71'2;
Asia, Europe and Australia® ranging from 0.37%to ° 2 )
Table 2. Interparietal bone by sex and ossification center
Ossification center Male Female Total

Number (276)  Percentage  Number (124)  Percentage Number (400)  Percentage
Fusion failure
Third pair 13 4.71 3 2.42 16 4.00
Second pair 3 1.09 1 0.81 4 1.00
Second and third pair 8 2.90 1 0.81 9 2.25
Table 3. Interparietal bones from various study
Publication year Authors Country Numbers Percentage
1977 Shrivastava® India 620 0.80
1978 Malhotra® India 1,500 0.37
1979 Singh et al® India 500 1.60
1984 Pal et al® India 348 2.60
1985 Cireli et al® Turkey 150 4.00
1986 Saxena et al®V Nigeria 40 2.50
1990 Magden & Muftuoglu®@ Turkey 420 1.60
1992 Gopinathan®® India 125 0.80
1993 Aycan®¥ Turkey 91 6.60
1995 Katkici & Gumusburum@® India 302 0.99
1998 Yucel et al®® Turkey 540 2.80
2001 Zambare® India 310 0.99
2010 Marathe et al@® India 380 1.30
2010 Da Mata et al@® Brazil 104 1.92
2011 Kumud®©o India 150 2.70
2011 Bhanu et al®V India 84 9.50
2013 Present study Thailand 400 7.25
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study. Patterns 1-5 are failures of fusion of third pair,
patterns 6-7 are failures of fusion of third pair and
patterns 8-11 are failures of fusion of both pairs. Most
of the interparietal bones have symmetric patterns, 19
from 29 skulls with the incidence of 65.52%. Asymmetry
was found in pattern 4-7 and 10 and has 10 from 29
skulls with the incidence of 34.48%. The ratio of
symmetry and asymmetry is 2:1.

Conclusion

Knowledge of interparietal bone is useful for
neurosurgeons and radiologists to avoid missed
diagnosis of skull fractures. Presented interparietal
bone may cause difficulty for surgery on occipital and
parietal bone. Forensic scientists can use interparietal
bone for personal identification.
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