
Introduction
The bregma, an external promontory on the skull, is an
important bony landmark for various neurosurgical inter-
ventions such as bedside ventriculostomy and various
craniotomies. The coronal suture lateral to the bregma on
each side is used as guide to reach the precentral and post-
central gyri and the central sulcus. Therefore, for preoper-
ative and intraoperative localization of the relevant cortical
areas, the bony superficial landmarks are of utmost impor-
tance. Additionally, a frontal burr hole (Kocher’s point) is
made anterior to the coronal suture to approach the later-
al ventricle and avoid the motor strip. Empirical methods
such as finger pad palpation have been used in localizing
the bregma and the coronal suture.

This anatomical study aimed to verify the exact local-
ization of the bregma and the coronal suture using dry
skulls and computerized tomography (CT). Newer imag-
ing techniques and improved technology such as naviga-
tion systems can demonstrate fine details of the region.
Although more than 2,000 medical facilities world-wide
utilize these systems, many institutions do not have this
technological capacity,[1] and in such situations it is valu-
able to have fine anatomical knowledge of the localization
of the bregma as well as the coronal suture. 

Materials and Methods
The measurements were obtained from dry skulls and from
sagittal CT images. A total of seventy-two adult skulls of
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unknown age and gender were obtained from the
Laboratory of Human Anatomy, Istanbul University School
of Dentistry, Istanbul, Turkey. The CT images were
obtained from patients who underwent CT angiography for
a suspicion of a ruptured aneurysm at the Department of
Neurosurgery of Marmara University, Istanbul, Turkey,
from January 2012 to December 2014. Of the 100 patients,
48 were males and 52 were females, and the mean age was
53.39 (range 18–85) years.

Three anatomical landmarks on the outer surface of the
dry skull were defined: nasion (intersection of the frontal
bone and two nasal bones), bregma (intersection of the
coronal suture and the sagittal suture), and inion (the high-
est point of the external occipital protuberance). The dis-
tance between nasion-inion and nasion-bregma were meas-
ured using a tape measure (Figure 1). The same measure-
ments were repeated in two-dimensional (2D) multiplanar
reformation (MPR) sagittal images with simultaneous cor-
relation of coronal and axial plane CT images by using the
Philips IntelliSpace Portal (v5.0.2.40009; Philips
Healthcare, Cleveland, OH, USA) software (Figure 2).

Independent t-test was used to compare means of two
groups. Data analysis was done with using SPSS Version
21.0 statistical software (SPSS Inc., Chicago, IL, USA).

Results
The nasion to bregma distance obtained from 72 dry
skulls ranged between 120 and 140 mm and the average
measurement was 124.3±6.9 mm. The nasion to inion dis-
tance ranged between 295–345 (average 320.8±14.5) mm
(Table 1). The ratio of nasion to bregma distance to
nasion to inion distance was calculated as 0.384.

The nasion to bregma distance obtained from 100 CT
images ranged between 107–139 (average 126.6±7.3) mm.
The nasion to inion distance ranged between 301–356
(average 330.2±15.2) mm (Table 1). The ratio of nasion
to bregma distance to nasion to inion distance was calcu-
lated as 0.383. No statistically significant difference was
present between two groups regarding either the nasion to
bregma and nasion to inion measurements or the ratio
between two groups (p<0.05).
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Figure 1. Samples of the measurements made on a dry skull. (a, b)
The distance between nasion (intersection of the frontal bone and
two nasal bones) and bregma (intersection of the coronal suture and
the sagittal suture). (c) The distance between nasion and inion (the
highest point of the external occipital protuberance). [Color figure can
be viewed in the online issue, which is available at www.anatomy.org.tr]

c
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Discussion 
The bregma and the coronal suture are important bony
landmarks on the skull. Empiric methods are used to
localize these structures. In the present study, we devel-
oped an accurate and reliable ratio (0.38 times of the dis-
tance between the nasion to inion) which determined the
location of bregma and also of coronal suture situated lat-
eral to bregma. The cranial sutures connecting the flat
bones of the neurocranium are derived from neural crest
cells and paraxial mesoderm. The single coronal suture is
one of the synarthroses comprising the cranial vault, sep-
arating the frontal from the parietal bones. The coronal
suture was first described by Avicenna in his Canon (al-
Qanun fi’l-Tibb) as “an arc in whose center a perpendicu-
lar line has been set up”. In the early half of 11th century,
William of Saliceto, a prominent surgeon of 13th century,
used the term “coronal suture” for the first time.[2]

Numerous craniometric methods have been
described to define the location of the central sulcus and
the motor cortex.[3–10] Additionally, there are studies
which have shown the relation between the coronal

suture and central sulcus. However, there are few mor-
phometric studies related to the bregma junction itself.[11]

In the literature, the average distance between the nasion
to bregma was reported as 126.6 mm on CT. In the pres-
ent study, we measured this distance as 124.3±6.9 mm on
dry skulls and 126.6±7.3 mm on CT. Our CT measure-
ments were exactly the same with the former study; how-
ever, dry skull measurements were slightly lower than
the CT measurements.[12] The only other study that
defined the location of the bregma in terms of a ratio was
by Anderson and Makins in 1889.[13] They defined the
bregma as two-fifths of the length of nasion to inion (0.4
ratio) and in accordance with our ratio (0.38 ≈ 2/5 nasion
to inion).

The bregma and the coronal suture are frequently
used as landmarks since they can be easily recognized radi-
ologically and palpated subcutaneously. However, some-
times it can be a challenge to palpate these structures, par-
ticularly if not performed by experienced hands. In cases
when coronal suture is partly or completely synostotic, it
is almost impossible to palpate. With the 0.38 ratio we
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Figure 2. Samples of measurements made on sagittal computerized tomography (CT) images of the patients. (a) The distance between nasion
(red arrow) and bregma (white arrowhead). (b) The distance between nasion and inion (red arrowhead). [Color figure can be viewed in the
online issue, which is available at www.anatomy.org.tr]

a b

Dry skulls CT (male+female)

(n=72) (n=102) p-value

Nasion-bregma distance mean±SD (mm) 124.3±6.9 126.6±7.3 <0.001

Nasion-inion distance mean±SD (mm) 320.8±14.4 330.2±15.2 <0.001

Ratio Nasion-bregma/Nasion-inion 0.384 0.383 <0.001

n: sample count; SD: standard deviation.

Table 1
Descriptive statistics of continuous data.



suggest, bregma can be midsagittally localized easily with
a negligible error.

The coronal suture lies on each side of the bregma
but the coronal suture does not extend perpendicular to
the midline. Chen et al.[14] stated that the distance to this
perpendicular line; that is, the coronal plane from the
coronal suture gradually increases with distance from the
bregma. In the same way, the central sulcus and the pre-
central gyrus bow forward as they pass from the midline.
Ebeling et al.[15] described the localization of the coronal
suture relative to the precentral gyrus being highly vari-
able. Kendir et al.[16] reported that the precentral gyrus
was located approximately 4.5 cm and the postcentral
gyrus was located approximately 6.5 cm behind the breg-
ma on the midline. Rivet et al.[17] stated that the distance
from the coronal suture to the motor cortex was <3 cm
in children under 6 years. Sarmento et al.[18] stated that
the distance between the coronal suture and the central
sulcus ranged from 5 to 6.6 cm, in accordance to meas-
urements of Gusmão et al.[11] and Ribas et al.[12] in the
adult. Further, Frigeri et al.[19] reported that the precen-
tral gyrus and central sulcus are closest at a point near
where the superior temporal line crossed the coronal
suture. Further, at this point all the branches of the mid-
dle meningeal artery ran posterior to the coronal suture.
Therefore, the location of bregma and coronal suture is
used as an important guide during preoperative surgical
planning.

The bregma point and croronal suture are important
bony landmarks for various neurosurgical procedures such
as external ventricular drainage (EVD) placement, endo-
scopic third ventriculostomy (ETV) and craniotomy.[20]

Amongst them, EVD placement is one of the most com-
mon emergent and life-saving procedures in neurosurgery
practice. For this purpose, freehand pass technique is fre-
quently performed at the bedside by young neurosurgeon
trainees. Ventricular catheter is inserted from a frontal
burrhole toward the ipsilateral frontal horn of the lateral
ventricle. Kocher’s point is a common burrhole point that
is located 2.5 cm from midline and 1 cm anterior to the
coronal suture. ETV is increasingly used as a treatment of
choice in various forms of hydrocephalus, particularly
those of obstructive types. The entry point and thereby
optimal trajectory are crucial to achieve into the third ven-
tricle floor. Similarly, the coronal suture and bregma point
are used to estimate the entry point for ETV.

Sutures are primary sites of osteogenesis mediating
much of the growth of the skull instead of simple articula-
tions between bones. The coronal suture provides sagittal
growth of the skull. A significant increase, from childhood

to adolescence, is expected in the length of the cranial
vault. An interruption during cranial growth may result in
premature ossification. The author of the present study is
aware that suture morphogenesis is a highly complex
process produced by multiple factors and their interactions
cannot be established on a single algorithm. Even so, since
the relationship between the cranial dimensions and sutur-
al complexity plays a prominent role in the development of
the adult cranium, there may be a developmental anomaly
if the suggested ratio (0.38) does not fit.

In the present study, we specified a ratio which is the
quantification of a multiplicative relationship, and thus
provided a more accurate number representing the
detailed topography. Further, giving a ratio can take indi-
vidual variations into consideration. 

Conclusion
Despite the advancements in intraoperative image guided
systems, information on constant landmarks such as breg-
ma, inion and nasion points continue to be indispensable
for the neurosurgeon. Therefore, localization of the elo-
quent cortical areas based on superficial landmarks is of
utmost importance in cranitomy procedures. 
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