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Abstract

The purpose of this study was to determine the incidence of wormian bones (WBs) in different head shapes of Nepalese skulls
along with their distribution at various sites. This study was conducted on 70 Nepalese skulls obtained from the Department
of Anatomy, Nepal Medical College, and the Institute of Medicine from September 2017 to January 2018. The skulls were
examined for the presence and topographic distribution of WBs. The occurrence of WBs at various sites was correlated among
different head shapes. The incidence of skulls showing WBs was 88.57%. The WBs were observed at the lambdoid (61.43%),
parietomastoid (41.43%), occipitomastoid (27.14%), pterion (25.71%), asterion (24.29%), lambda (11.43%), sagittal (7.14%)
and coronal sutures (4.28%). The dominant head type was dolichocephalic (44.29%) and the least dominant was brachyce-
phalic (10%). The maximum number of WBs was shown on brachycephalic (mean 8.86 +7.13) then hyperdolichocephalic
(mean 8.33 +9.15), mesaticephalic (mean 5.10 +4.45) and dolichocephalic heads (mean 4.16 +5.30). Brachycephalic heads
frequently exhibited WBs at the pterion (57.14%) and at different sutures: lambdoid (71.42%), parietomastoid (57.14%),
sagittal (28.57%) and squamous (14.28%). Hyperdolichocephalic heads displayed more lambda (33.33%) and coronal (8.33%)
WBs. Similarly, dolichocephalic and mesaticephalic heads showed WBs at the occipitomastoid (35.48%) and asterion (30%),
respectively. Inca bones were only identified in three dolichocephalic skulls. Neurosurgeons, radiologists and orthopedists
should be careful when doing clinical and surgical procedures on different head shapes of the Nepalese population.
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Introduction

Wormian bones (WBs) are irregularly shaped islands of
bones found within the cranial suture and fontanelles. They
are derived from additional ossification centers and most
commonly present in the lambdoid suture and posterior
fontanelle (Standring 2016). They were named “wormian
bones” after the Danish anatomist, Olaus Worm (Pryles
and Khan 1979). An isolated large bone at the lambda is
called as an Inca bone or Goethe’s ossicle (Standring 2016).
The term “Inca bone” was used because it was commonly
observed in the skull of indigenous Incas (South American
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Indians) (Vishali et al. 2012). These WBs are also present at
the pterion as pterion ossicles or epipteric bones (Standring
2016) and at the bregma as the os Kerckring (Vishali et al.
2012).

WBs can be observed in healthy individuals as a nor-
mal anatomic variant but tend to be smaller and fewer in
number (Kaplan et al. 1991). However, a higher incidence
of WBs has been observed in patients with certain kinds of
congenital disorders (Kaplan et al. 1991) such as osteogen-
esis imperfecta, rickets, cleidocranial dysostosis, congenital
hypothyroidism, oto-palato-digital syndrome, Down’s syn-
drome, and so on, and children with central nervous system
abnormalities (Pryles and Khan 1979) such as hydrocepha-
lus, microcephaly, macrocephaly, craniosynostosis, cerebral
palsy and epilepsy. Knowledge about WBs is essential for
radiologists when interpreting skull radiographs as they may
be mistaken for fractures in case of head injuries and for
neurosurgeons when performing craniotomies (Patel et al.
2015; Murlimanju et al. 2011).
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The cranial index is one of the important cephalometric
indices used by anthropologists and forensic experts. It was
first discovered in 1840 by the Swedish anatomist, Anders
Retzius, to classify ancient human remains found in Europe.
Retzius only described two terms, gentes dolicocephalae for
elongated heads and gentes brachycephalae for short and
broad heads (Collett and West 1993).

The prevalence of WBs in the Nepalese population has
been scantly reported. This study aimed to determine the
incidence of WBs in different head shapes of Nepalese skulls
along with their distribution at various sites.

Materials and methods

The present study was carried out after obtaining ethical
approval from the Research and Institutional Review Com-
mittee (IRC) of Nepal Medical College. It was conducted
at the Department of Anatomy, Nepal Medical College,
Attarkhel, and Institute of Medicine, Maharajgunj, Nepal,
from September 2017 to January 2018. Ninety-eight adult
human dry skulls of unknown sex with intact calvaria and
erupted third molar teeth were obtained. Of these, 28 skulls
were excluded because of obliteration of sutures. The skulls
were examined for the presence and topographic distribution
of WBs. To take cranial measurements for the cranial index,
the skulls were oriented on a Frankfurt plane. The measure-
ments were taken using a spreading caliper.

The following measurements were taken:

1. Maximum cranial length: from the glabella to
opisthocranion (posterior-most point in the mid-sagittal
plane of the occiput) (Anjum et al. 2016).

2. Maximum cranial breadth: between two euryons (most
lateral point on the side of the head) (Anjum et al. 2016).

The cranial index was calculated using the following
formula:

Maximum cranical breath

Cranical index (CI) = - -
Maximum cranical length

The head shapes were classified according to the Garson
(1887) classification into the following categories (Table 1).

Table 1 Classification of head shape according to the cranial index

Head shape Cranial index range
Hyperdolichocephalic 65-69.9
Dolichocephalic 70-74.9
Mesaticephalic 75-79.9
Brachycephalic 80-84.9
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Data obtained were analyzed using SPPS 16 software.
The bivariate Pearson correlation test was performed to
determine the correlation of the incidence of WBs on the
right and left sides of skulls.

Results

Seventy skulls were studied for both the occurrence of WBs
and measurement of the cranial index.

Incidence of WBs

WBs were observed in 62 (88.57%) skulls, and the remain-
ing 8 (11.43%) skulls had no WBs. Among those 62 skulls,
54 (77.14%) had WBs on their right half and 49 (70%) on
their left half.

Presence of WBs at different regions of the skull

The WBs were observed at different regions of 70 skulls
and found to be most common at the lambdoid suture in 43
(61.43%) skulls: 18 unilateral and 25 bilateral (Fig. 1). The
second most common site of WBs was the parietomastoid
suture, found in 29 (41.43%) skulls: 21 unilateral and 8
bilateral (Fig. 2). Among those 29 skulls, the majority
(N=21, 30%) showed WBs at the parietal notch (Fig. 2,
3). WBs at other locations such as the occipitomastoid
suture (Figs. 2, 3), pterion (Figs. 2, 4) and asterion (Fig. 5)
were observed in almost equal numbers of skulls, i.e., 19
(27.14%), 18 (25.71%) and 17 (24.29%) skulls, respec-
tively (Table 2). WBs at lambda were observed in eight
(11.43%) skulls (Fig. 9). Similarly, WBs were observed
at the sagittal suture in five skulls (7.14%) (Fig. 6) and

Fig. 1 A skull showing multiple wormian bones at the lamboid suture
(A). OB occipital bone, PB parietal bone
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Fig.2 A skull showing wormian bones at multiple sites. A: Wormian
bone at the lambdoid suture. B2: Two wormian bones at the left pte-
rion demarcated by a faint suture. C: Wormian bone at the left squa-
mous suture. D: Wormian bones at the left parietomastoid suture
(*wormian bones at the parietal notch). E: Wormian bone at the left
occipitomastoid suture. FB frontal bone, OB occipital bone, PB pari-
etal bone, SB sphenoid bone, 7B temporal bone

Fig.3 A skull showing wormian bones at the left parietal notch (D,
indicated by asterisk) and left occipitomastoid suture (E, indicated by
triangle). OB occipital bone, PB parietal bone, 7B temporal bone

coronal suture in three (4.28%) (Table 2). WBs along the
coronal suture were very small, i.e., < 0.3 cm, compared
with the others. None of the skulls showed WBs at the
bregma. The occurrence of epipteric bones was observed
unilaterally in 13 (18.57%) and bilaterally in 5 (7.14%)
skulls. Of 18 skulls, only 2 showed 2 epipteric bones at
the right and left pterion (Fig. 2), respectively, whereas the
remaining 17 displayed a single epipteric bone (Fig. 4).
There was a positive significant correlation between the
right and left WBs present at the asterion and pterion
as well as different sutures except the parietomastoid
(Table 2).

Fig.4 A skull showing a large wormian bone at the left pterion (B1).
FB frontal bone, PB parietal bone, SB sphenoid bone, 7B temporal
bone

Fig.5 A skull showing a wormian bone at the left parietal notch (D)
and left asterion (F). OB occipital bone, PB parietal bone, 7B tempo-
ral bone

Different head shapes

The head shape of 31 (44.29%) crania was dolichocephalic,
followed by 20 (28.57%) mesaticephalic, 12 (17.14%) hyper-
dolichocephalic and 7 (10%) brachycephalic. None of the
skulls showed hyperbrachycephalic and ultrabrachycephalic
head types. In the overall crania, the most dominant head
type was dolichocephalic.

Number of WBs for each head shape

While correlating WBs with different head shapes, we found
the mean number of WBs in brachycephalic heads to be
8.86 +7.13 (range 0-20) and in hyperdolichocephalic heads
to be 8.33 +9.15 (range 0-25). In contrast, on average fewer
WBs were observed in mesaticephalic and dolichocephalic
heads, where the mean was 5.10+4.45 (range 0—16) and
4.16 +5.30 (range 0-22), respectively (Table 3). Although
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Table 2 Number of skulls

e ; Locations Number of skulls show- Side P value

exhibiting WBs at foerent ing WBs (%) : .

sutures and anatomic landmarks Unilateral Bilateral
Lambdoid suture 43 (61.43) Rt, 10; Lt, 8 25 0.000%*
Squamous suture 5(7.14) Rt,0;Lt, 3 2 0.000%*
Parietomastoid suture 29 (41.43) Rt, 11;Lt, 10 8 0.053
Occipitomastoid suture 19 (27.14) Rt,9;Lt, 7 3 0.039%*
Coronal suture 3(4.28) Rt,2;Lt, 0 1 0.036%*
Asterion 17 (24.29) Rt, 5;Lt, 7 5 0.002°%*
Pterion 18 (25.71) Rt, 8; Lt, 5 5 0.018*
Bregma 0 0 0 -
Lambda 8 (11.43) - - -
Sagittal suture 5(7.14) - - -

Rt right, Lt left
*Significant at P <0.05
**Significant at P <0.01

Fig.6 A skull showing wormian bones at the sagittal (G) and right
lambdoid suture (A). OB occipital bone, PB parietal bone

few brachycephalic heads were found, the incidence of a
number of WBs per crania was higher in that particular head
shape than in others. The dominant head type, dolichoce-
phalic, revealed the fewest WBs per crania. Interestingly, all

the skulls with different head shapes showed more WBs at
the lambdoid suture than at other locations. Among the vari-
ous head shapes, lambdoid WBs were more frequently pre-
sent in brachycephalic heads (71.42%). In addition, brachy-
cephalic heads also frequently exhibited WBs at the pterion
(57.14%) and at different sutures such as the parietomas-
toid (57.14%), sagittal (28.57%) and squamous (14.28%).
Similarly, the most hyperdolichocephalic heads displayed
coronal (8.33%) and lambda (33.33%) WBs (Table 4). The
dolichocephalic and mesaticephalic heads frequently showed
occipitomastoid and asterionic WBs, respectively (Table 4).
Brachycephalic heads also demonstrated more WBs per cra-
nia at most sites.

Incidence of Inca bones

Inca bones were only observed in three (4.28%) skulls,
but their number varied from one skull to another, rang-
ing from one to three (Figs. 7, 8, 9). In one of the three,
an incomplete lateral asymmetric Inca bone was present
at the lambda along the left lambdoid suture (Fig. 7).
Another skull showed the presence of complete asym-
metric bipartite Inca bones of unequal size, the right and
left being small and large, respectively (Fig. 8), while the

Table 3 Incidence of WBs in

R ) Head shape Number of skulls Mean number Range of WBs
each head shape with their mean
of WBs+SD
number Presence  Absence 1-5 5-10 10-15 15-20 20-25
of WBs  of WBs

Hyperdolichocephalic 11 1 8.33+£9.15 5 3 0 0 3
Dolichocephalic 27 4 4.16+5.30 17 8 0 0 2
Mesaticephalic 18 2 5.10+4.45 9 5 3 1 0
Brachycephalic 6 1 8.86+7.13 2 0 3 0 1
Total 62 8 5.61+£6.23 33 16 [§ 1 6
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Table 4 Number of skulls showing wormian bones at different sites for each head shape
Head Wormian bones at different sites
it
shape LS SqS PM oM CS Asterion  Pterion Bregma Lambda SS
Hyperdolichocephalic N (%) 8 0 5 1 1 3 5 0 4 1
(66.66) (41.67) (8.33) 8.33) (25 (41.67) (33.33)  (8.33)
R (0-20) 0 (0-3) 0-4) 0-3) (0-5) 0-2) 0 0-4) (0-3)
Dolichocephalic N (%) 18(58.06) 2(6.45) 8 11 1 6 5 0 2 1
(25.81) (35.48) (3.22) (19.35) (16.13) (6.45) (3.22)
R (0-18) (0-1) (0-3) 0-2) 0-2) (04 (0-2) 0 (0-2) 04
Mesati- cephalic N (%) 12 2 11 5 1 6 4 0 1 1
(60) (10) (55) (25) (%) (30) (20) &) &)
R (0-12) (0-3) 0-2) 0-1) 0-3) (0-3) 0-1) 0 (0-1) 0-1)
Brachy- cephalic N(%) 5 1 4 2 0 2 4 0 1 2
(71.42) (14.28) (57.14) (28.57) (28.57) (57.14) (14.28)  (28.57)
R (0-11) (0-2) 04 (0-2) 0 0-1) 0-2) 0 0-1) 0-2)

Figures in bold represent the highest percentage of crania showing WBs among different head shapes

CS coronal suture, LS lambdoid suture, N number of skulls with wormian bones, OM occipitomastoid suture, PM parietomastoid suture, R range

of wormian bones, SS sagittal suture, S¢S squamous suture

Fig.7 Incomplete lateral asymmetric Inca bone. OB occipital bone,
PB parietal bone

third skull revealed a complete tripartite Inca bone with
the sections demarcated from each other by well-defined
sutures (Fig. 9). All three skulls showing Inca bones had
a dolichocephalic head shape.

Discussion

WBs are observed as normal variants but their number
and locations in skulls exhibit population-based variations
(Brothwell 1963; Giimiisburun et al. 1997; Khan et al. 2011;
Cirpan et al. 2015).

Fig.8 Complete asymmetric bipartite Inca bone. OB occipital bone,
PB parietal bone

Incidence of WBs

In the present study, WBs were found in 62 (88.57%) of 70
dry skulls, which is comparatively higher than the findings
mentioned by Brothwell (1963), who studied the prevalence
of WBs in different populations, and other authors (Murli-
manju et al. 2011; Khan et al. 2011; Cirpan et al. 2015;
Shantharam and Manjunath 2017) (Table 5). This study
also revealed the higher occurrence of WBs on the right
(77.14%) than left half (70%) of skulls. In contrast, other
authors (Patel et al. 2015; Kumar et al. 2016) reported more
WBs on the left half of skulls in various regions of India.
Some researchers inferred that WBs arise as a result of pres-
sure across sutures exerted from external factors such as

@ Springer



106

L. M. Basnet et al.

Fig.9 Complete tripartite Inca bone and wormian bones at lambda
(H). OB occipital bone, PB parietal bone

Table 5 Comparison of incidences of wormian bones in different
populations

Population Incidence (%)
Chinese?® 80.32
German® 75
Australian® 72.58
Iron Age/Romano-British* 71.03
Melanesian® 64.15
Lachish?® 63.41
Anglo-Saxon® 55.56
Malaysians (Khan et al. 2011) 24
Coastal South Indians (Murlimanju et al. 2011) 73.1
West Anatolian (Cirpan et al. 2015) 59.3
Guyjarati (Patel et al. 2015) 44.4
Central Indians (Kumar et al. 2016) 32
South Indians (Shantharam and Manjunath 2017) 81.89
Nepalese (Eastern Nepal) (Sah et al. 2017) 68.75
Nepalese (Central Nepal), present study 88.57

#According to Brothwell (1963)

artificial cranial deformation (Bennett 1965; Sanchez-Lara
et al. 2007). However, Berry and Berry (1967) and Hanihara
and Ishida (2001a) proposed genetic factors as one of the
causes for the development of WBs. In our study, crania
of Central Nepal (Kathmandu) showed a higher frequency
of WBs, possibly because this region consists of various
ethnic groups that migrated from Tibet and the Himalayas.
A higher incidence was found in Tibetan/Nepalese samples
(Hanihara and Ishida 2001a). However, an article from East-
ern Nepal (Sah et al. 2017), which includes more people of
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Indian origin, revealed a comparatively lower frequency of
WBs. Thus, it is possible that the higher incidence of WBs in
the present study may be due to variable genetic predisposi-
tions among different races.

Presence of WBs at different regions of the skull

In our study, the lambdoid suture was the most common site
for the occurrence of WBs, which concurs with the findings
of other authors (Murlimanju et al. 2011; Giimiisburun et al.
1997; Shantharam and Manjunath 2017; Sah et al. 2017)
(Table 6). WBs were more frequently observed at the lamb-
doid suture in 61.43% skulls. A similar finding was observed
in Turkish (Gilimiisburun et al. 1997) and Eastern Nepalese
(Sah et al. 2017) skulls, but this conflicts with other studies
conducted on Indian skulls (Patel et al. 2015; Showri and
Suma 2016), where a lower incidence of lambdoid WBs was
observed (Table 6). The second most common site of WBs
in our study was the parietomastoid suture (41.43%), which
differs from other studies conducted on Turkish (Giimiisbu-
run et al. 1997) and Indian (Patel et al. 2015; Murlimanju
et al. 2011; Shantharam and Manjunath 2017) skulls, where
they observed it to be the asterion. WBs were observed at
the parietal notch in 30% of our skulls, which is higher than
the incidence observed in Turkish (Giimiisburun et al. 1997)
and Malaysian (Khan et al. 2011) skulls but lower than that
in South Indian (Shantharam and Manjunath 2017) skulls
(Table 6). This study showed a higher incidence of WBs at
the occipitomastoid (27.14%), asterion (24.29%) and lambda
(11.43%) compared with Turkish (Giimiisburun et al. 1997),
Malaysian (Khan et al. 2011) and Indian (Patel et al. 2015;
Kumar et al. 2016) skulls (Table 6). In contrast, Shantharam
and Manjunath (2017) observed more WBs at the asterion
and lambda in South Indian crania. The lowest frequency
of WBs was observed at three different sites (sagittal, squa-
mous and coronal suture). The incidence of sagittal (7.14%)
and coronal (4.28%) WBs in our study was higher than the
findings reported in Turkish (Gilimiisburun et al. 1997) and
Coastal South Indian (Murlimanju et al. 2011) skulls. In
addition, some of the studies conducted in Indian skulls
showed the absence of WBs at the sagittal suture (Patel et al.
2015; Kumar et al. 2016) (Table 6).

Epipteric bone was observed in 25.71%, which is higher
than the findings of various authors in different popula-
tions (Murlimanju et al. 2011; Giimiisburun et al. 1997;
Sah et al. 2017) (Table 6). Research carried out in different
parts of India even showed a lower incidence of epipteric
bones ranging from 0.03 to 2% (Patel et al. 2015; Kumar
et al. 2016; Showri and Suma 2016) (Table 6). In our study,
even a bilateral occurrence of epipteric bone was observed.
However, Murlimanju et al. (2011) and Sreekanth (2017)
only noted the unilateral occurrence of epipteric bones. Our
study also showed the presence of two epipteric bones in



Prevalence of wormian bones in dried adult human skulls: an osteo-morphometric study in Nepal 107
Table 6 Incidence of wormian bones at different regions of skulls among various populations
Population N Number of skulls showing wormian bones at different regions in %

LS SqS PM OM CS Asterion Pterion Bregma Lambda SS
Turkish (Giimiisburun et al. 1997) 302 61.89 - PN-792 099 297 1520 9.92 0.66 10.9 1.65
Malaysian (Khan et al. 2011) 25 4 4 PN-4 4 8 0 0 0 8 8
Coastal South Indian (Murlimanju et al. 2011) 78 564 - - - 1.3 179 11.5 0 - 1.3
Gujarati (Patel et al. 2015) 27  48.14 - - 0.03 0.03 185 0.03 - 0.07 0
South Indian (Showri and Suma 2016) 132 4545 227 833 227 6.06 530 1.51 0 13.63 4.54
Central Indian (Kumar et al. 2016) 50 44 - - 6 - 6 2 0 6 0
South Indian (Shantharam and Manjunath 2017) 110 48.18 - PN-3545 13.64 10  38.18 2091 O 2273 3.64
Nepalese (Eastern Nepal) (Sah et al. 2017) 80 63.63 - - - 0 20 1272 0 - 3.63
Present study 70 6143 7.14 4143 27.14 428 2429 2571 0 11.43 7.14

PN-30

CS coronal suture, LS lambdoid suture, OM occipitomastoid suture, PM parietomastoid suture, PN parietal notch, SS sagittal suture, SgS squa-

mous suture

two skulls. Similarly, the unilateral presence of two epip-
teric bones in an Indian skull was reported by Sreekanth
(2017). Neurosurgeons need to be aware of epipteric bones
as their presence leads to complications when making burr
holes during the excision of intracranial tumors (Ersoy et al.
2003). In our study, no WBs were observed at the bregma.
Various authors reported similar findings in different popula-
tions (Murlimanju et al. 2011; Khan et al. 2011; Kumar et al.
2016; Sah et al. 2017) (Table 6). However, few occurrences
of bregmatic bone (0.66%, 2%) were observed by some
authors (Glimiisburun et al. 1997; Cirpan et al. 2015). Our
study showed an interesting significant correlation between
right and left WBs present at different sutures except the
parietomastoid. However, the study conducted in a Turkish
population (Cirpan et al. 2015) only found a fairly significant
relationship between WBs at the right and left squamous
suture (P=0.04).

Presence of the Inca bone

In our study, the incidence of Inca bones was 4.28%, which
is almost same as that of Japanese/East Asian (Fujita et al.
2002) (4.92%) and Malaysian/Southeast Asian (Khan et al.
2011) skulls (4%), but a lower incidence was observed
in Turkish/West Asian (Cirpan et al. 2014) (1.98%) and
Australian (Hanihara and Ishida 2001b) skulls (< 1%).
Similarly, fewer occurrences of Inca bones were reported
in Indian skulls, varying from 0.3 to 2.7% (Malhotra et al.
1978; Marathe et al. 2010; Dharwal 2011). Hanihara and
Ishida (2001b) studied the geographic and ethnographic
variation in the frequency of the Inca bones in different
populations and observed a higher incidence of Inca bones
in Tibetan/Nepalese, Assam/Sikkim, East Asian and Sub-
saharan African populations. In contrast, the frequencies
were lower in European, Australian, Central and West

Asian samples, suggesting possible genetic causes behind
this global variation in the frequency of Inca bones.

We observed complete asymmetric bipartite and com-
plete tripartite Inca bones similar to the case reported by
Fujita et al. (2002). The authors concluded that the pres-
ence of Inca bones can be used in personal identification
by comparing the ante- and post-mortem radiographs
(Fujita et al. 2002). Inca bones are formed because of a
defect in the fusion of secondary ossification centers of the
squamous part of the occipital bone (Bellamy and cited in
Kadanoff and Mutafov 1964).

Different head shapes

According to our study, the dominant head shape was doli-
chocephalic, which was observed in 44.29%. Contrarily,
Lobo et al. (2005) found brachycephalic (38.2%) to be the
dominant head shape in the Gurung community of Nepal.
Some authors have described mesaticephalic as the domi-
nant head shape in South Punjabi (Anjum et al. 2016),
Indian (Kumar and Nagar 2015) and Nigerian (Akinbami
2014) skulls. Our study did not show any hyperbrachyce-
phalic heads. In contrast to our observation, hyperbrachy-
cephalic heads were observed in South Punjabi (Anjum
et al. 2016) (5.1%), North Indian (Kumar and Nagar 2015)
(2.5%) and Nigerian (Akinbami 2014) (0.43%) skulls. The
head shape may vary among various geographic and ethnic
groups. As our research was conducted in Kathmandu, an
ethnically and culturally diverse city, the examined dry
skulls might be from different ethnic groups. Thus, this
alteration in the dominant head shape in the Nepalese
population between known (Gurung) and unknown ethnic
groups in our study may be correlated with a hereditary
factor.
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Number of WBs for each head shape

In this study, lambdoid and sagittal WBs were more fre-
quently present in brachycephalic heads. A similar find-
ing was observed in Turkish skulls (Giimiisburun et al.
1997). Epipteric and asterionic WBs were commonly
observed in our brachycephalic and mesaticephalic heads,
respectively. However, a different result was obtained in
Turkish skulls (Giimiisburun et al. 1997), where epip-
teric was mostly seen in mesaticephalic and asterionic
WBs in brachycephalic heads. Similarly, the maximum
number of hyperdolichocephalic heads in our study dis-
played coronal (8.33%) and lambda (33.33%) WBs, but
these WBs were frequently observed in dolichocephalic
head shapes of Turkish skulls (Giimiisburun et al. 1997).
This difference may have occurred because the author
used a cephalic index < 75 for dolichocephalic heads,
which also includes all hyperdolichocephalic heads. In
our case, none of the head shapes showed the presence
of bregmatic bones, whereas Turkish skulls (Glimiisburun
et al. 1997) showed them in mesaticephalic (0.88%) and
brachycephalic (0.70%) heads. The different head shapes
in our study presented more WBs at different sites com-
pared with Turkish skulls (Giimiisburun et al. 1997). The
mean number of WBs was high in brachycephalic heads.
Excluding hyperdolichocephalic heads, we observed an
increasing pattern of occurrence of WBs per crania from
dolichocephalic to brachycephalic heads. Sanchez-Lara
et al. hypothesized the number of wormian bones directly
correlates with more severe occipital flattening (Sanchez-
Lara et al. 2007). This may be a reason behind the increas-
ing number of WBs in brachycephalic heads.

Future perspectives

The number of WBs observed at different sites on brachy-
cephalic heads may alter with a large sample size. Hence,
more brachycephalic heads need to be studied for further
confirmation. Further studies of the cephalic index in differ-
ent ethnic groups in the Nepalese population are needed to
ascertain the role of genetic factors in determining different
head shapes among races.

Conclusions

The current study reports the higher incidence of WBs
(88.57%) in Nepalese skulls compared with other popula-
tions. Similarly, most brachycephalic heads showed WBs
at most sites of the crania. Radiologists, orthopedists and
neurosurgeons need to be careful when performing different
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clinical procedures such as burr hole, craniotomies, radio-
logic studies, etc., particularly in brachycephalic heads.
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