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Pre-Operative Measurement of the Morphometry and Angles
of the Anterior Clinoid Process (ACP) for Aneurysm Surgery

Medicién Preoperatoria de la Morfometria y los Angulos del
Proceso Clinoide Anterior (PCA) para la Cirugia de Aneurisma

Aycicek Cecen; Erhan Celikoglu™; Merih Is™; Aysin Cetiner Kale™ & Basak Torum Eroglu™

CECEN, A.; CELIKOGLU, E.; IS, M.; CETINER KALE, A. & TORUM EROGLU, B. Pre-operative measurement of the
morphometry and angles of the anterior clinoid process (ACP) for aneurysm sbrgeryMorphol., 34(4)1333-1338, 2016.

SUMMARY: The anterior clinoid process (ACP) is proximal to vital structures, such as the optic nerve, internal carotid artery
and ophthalmic artery; therefore, study of its anatomy is important in guiding and defining surgery. We studied the sstatotnieal
of the ACP, including the angle formed by the apex of the ACP triangle, and its orientation, to provide information fanc:asier
surgery. The measurement was performed on the axial planes of 242 cranial computerized tomography (CT) scans and Zhadult Turki
skulls of both sexes. The length of the ACP, width of the ACP at its base, the angle formed by the apical angle of thgla@Rdribe
orientation of the ACP defined according to the sagittal midline were examined. In the Turkish skulls, the length andheidi@Rf
were similar to previous studies. Our study was the first to measure the angle and orientation of the ACP. The meana6gté 2v64 3
(16.6-89.5) and 135 posterior (55 %) and 107 medial (45 %) orientations. Surgical complications can be avoided by pre-operative
radiological planning using axial CT scans and by determining whether the morphology is Type 2 (long, narrow, acute-dolgled), wh
requires total resection.
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INTRODUCTION

The anterior clinoid process (ACP) is located at thand optic nerve with less brain retraction (Matsuyata,
medial end of the lesser wing of the sphenoid bone and forAf#97; Seoanet al, 1998; Satet al, 2001).
the lateral wall of the intracranial end of the optic canal (Inoue
et al, 1990). The anterior clinoidectomy technique is of vi- Intradural and extradural techniques have been
tal importance in the treatment of aneurysms involving théescribed in detail by many authors (Dolenc, 1985, 1994;
paraclinoid region (Yasarggh al, 1977; Herost al, 1983; Yonekawaet al, 1997). The extradural approach to the ACP,
Dolenc, 1985; Nutik, 1988; Dolenc, 1999) and the uppdist described by Dolenc (1985; 1994), can also be used in

basilar artery (Dolenet al, 1987; Dayet al, 1994). the approach to the cavernous sinus, clinoidal space and
orbital apex.
The necessity of ACP removal has been emphasized
previously in descriptions of surgical treatment of the internal The purpose of this study was to quantify, with direct
carotid artery (ICA), the ophthalmic artery and largéneasurement, the length and width of the ACP together with
aneurysms (Ohmotet al, 1991; Takahashi the angles formed by the apex of the ACP triangle (Fig. 1),
et al, 2004). including its direction in adult skulls, and in axial cranial

CT images. We grouped the results into two types. We pre-

Anterior clinoidectomy provides improved exposuréperatively searched for the two types of ACP to determine

of structures in and around the optic nerve, ICA and optiBe need for clinoidectomy and determined that it is necessary
canal. It also enhances mobilization of the intracranial ICI® one group, but not in the other.
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MATERIAL AND METHOD

The CT measurements were obtained from 121
Turkish adult heads (242 sides) without bilateral bone
erosion of the clinoid process using a Siemens
SOMATOM Sensation. The study was conducted on
64 female (52.9 %) and 57 male adults (47.1 %) whose
ages ranged between 18-84 years (mean #368)85)
and direct anatomic measurements were performed
in 27 adult Turkish skulls of unknown age of both
sexes collected from the Department of Anatomy,
Faculty of Medicine, University of Istanbul, Turkey

using standard Caélpersbag?) goniometry. Metrical Fig. 1. Description of ACP triangle; “w” width, “I” length “a” angle
parameters are as described by éfes (2013). Most and “0” orientation. The base of the triangle is formed by the width of

sides displayed bony erosion and could not be acp which is formed by drawing a horizontal line at ACP’s medial

measured bilaterally. Four heads were measured point at its thickest edge (base) adjacent to emergence of the optic
bilaterally for length, width and angles. For eight nerve intracranially connecting lateral ending point of ACP at the lesser
heads, only the right-sides were measured for length wing of sphenoid bone. The apex of the triangle is the apical point of
and width and for 15 heads, only the left-sides were ACP. The line drawn tangent to the medial side of ACP and the line

measured for length and width. Only 9 right-sided drawn tangent to the lateral side of ACP are the other margins of the
angles and 14 left-sided angles were measured in thetr!angle. The ACP tip orlentatlon_ is described acgo_rdlng to_ apex pf the
skulls. triangle heading towards posterior (parallel to midline sagittal axis) or

towards medial (crossing midline sagittal axis)

The perpendicular length
(height), basal width and angle of
the ACP and its direction were
measured in both groups (Fig. 1).
The angle of the ACP was
calculated using the apical angle of
the ACP triangle. The basal margin
is formed by the anterior cranial
fossa, the lateral margin by the
(tangent line) lateral side of the
lesser wing of the sphenoid and the
medial margin by the (tangent line)
intracranial end of the lateral side
of the optic canal (Fig. 1). The
direction of the ACP, based on
apical tip orientation, was classed
as posterior, with a direction parallel
to the sagittal plane, or medial, with
a direction crossing the sagittal
plane midline (Figs. 1 and 2).

Fig. 2. Axial CT scan showing ACP

Type 1 which is prone to easier surgical
approach; A) width (wide), B) length

(short), C) angle (wide-angled), D)

orientation (posterior).
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RESULTS

CT measurements were obtained from 121 Turkiskngles (p>0.05); however, the length and width values were
adult heads (242 sides) and anatomic measurements weggificantly higher for the dry skulls compared to the CT
obtained from 27 adult Turkish skulls by a radiologist (BTE)group (p<0.01) (Table IlI).
an anatomist (AK) and a neurosurgeon (AC). The CT

measurements and anatomic measurements were evaluéié@roup: The length of the ACP ranged between 4.74 and
separately and compared statistically. 20 mm (mean 10.28.35 mm), with most being between

8.9 and 11.74 mm. The width of the ACP ranged between
Sex and age were not defined in the skulls, but wefie’6 and 13.4 mm (mean 8£1574 mm), with most being
recorded on CT scans. CT measurements were perfornigiween 7.23 and 8.73 mm. The angle of the ACP ranged
on 64 female (52.9 %) and 57 male adults (47.1 %) whoBetween 16.6 and 89.5° (mean 3%42°64), with most
ages ranged between 18-84 years (mean #36085). being between 33.4 and 43.4° (Fig. 1).

CT group: The right-sided measurements of thdry skull group: The length of the ACP ranged between 5
length, width, and angle of the ACP were 16832 mm, and 19.5 mm (mean 1253.71 mm), with most being
8.12+1.78 mm, and 39.9922.9, respectively. The left-sided between 10 mm and 13.5 mm. The width of the ACP ranged
measurements of the length, width and angle of the Adyetween 6.5 and 18 mm (mean 18825 mm), with most
were 10.823.18 mm, 7.9%1.71 mm, and 39.3622.43, being between 10 and 11.5 mm. The angle of the ACP ranged
respectively. The right and left-sided measurements wepgtween 20 and 58° (mean 42£820), with most being
not significantly different (p >0.05) (Table I). between 38 and 45° (Fig. 2).

Dry skull group: The right-sided measurements of We classified the direction of the ACP as posterior
the length, width and angle of the ACP were 18996 When the orientation was towards the paramedian sagittal
mm, 10.531.83 mm, and 44.468.46, respectively. The plane (axis), and as medial when the orientation was towards
left-sided measurements of the length, width, and angle i€ median axis in the anteroposterior direction crossing the
the ACP were 13.463.41 mm, 11.1%2.49 mm, and midline (Fig. 1e). There were 135 (55 %) bones with a pos-
39.5%8.81, respectively. The right and left-sidederior direction and 107 (45 %) with a medial direction (Table
measurements were not significantly different (p >0.03Y)-

(Table I).
ACPs shorter than 10.5 mm this were classified as

The right-sided CT measurements and right-sideghort and those longer than 10.5 mm were classified as long.
skull measurements were compared. There were no
statistically significant differences between the groups with ACPs narrower than 8.14 mm were classified as
regard to length and angle (p >0.05); however, dry skull widftarrow and those wider than 8.14 mm were classified as
values were significantly higher than the CT values (p<0.0Wjide.

(Table I).
ACPs with angles more acute than 39.5° were

The left-sided CT measurements and left-sided skufilassified as narrow-angled and those with angles more
measurements were compared. There were no statisticdljtuse than 39.5° were classified as wide-angled (Table 1V).
significant differences between the groups with regard to

width and angle (p >0.05); however, dry skull length values Using these measurements we classified ACPs into
were significantly higher than the CT values (p<0.01) (Tablgree main groups: two main types and a third that included
1. ACPs inconsistent with the two main types. Type | ACPs

are short, wide, and wide-angled, which should allow for

Right and left-sided CT measurements were summé&asier surgical approaches (Fig. 3a-b-c-d). Type Il ACPs are

and the mean and standard deviation were calculated (Tal§leg, narrow, and narrow-angled, which require more
). challenging surgical techniques.

Comparison of the combined values (right and left I our study 40 (16.5 %) were Type | ACPs, 43 (17.8
sides) of the CT and skull measurements showed fe) were Type Il ACPS, and 159 (65.7 %) were classified as
significant differences between the groups with regard toype Il ACPs (Table IV).
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DISCUSSION

The ACP is a bony projection of the
lesser sphenoid wing and is connected to the
sphenoid bone by two extensions. The superior
part forms the roof of the optic canal, and the
inferior part forms its lateral wall (De Jesus,
1997). Itis connected to the planum sphenoidale
superiorly and to the lesser wing inferiorly (De
Jesus). Leeet al. (1997), examined Korean
skulls and found that the mean ACP length and
width were 9.181.55 and 9.681.49 mm,
respectively. Leet al, found in their study of
fresh cadavers that the ACP height was shorter
and the base wider (7.61.50 and 10.821.82
mm, respectively) compared to a previous study.
Andaluzet al (2006), reported relatively small
values for both height (8.62.63 mm) and
width (6.5%1.68 mm). Hunnarget al (2008),
reported in their dry skull study, differences
between South Indian, Nepalese and Korean
ACP dimensions on both the right and left side.
They found that the average length of the right

Fig. 3. Axial CT scan showing ACP Type 2 which is an obstacle for surgery; A)
width (narrow), B) length (long), C) angle (narrow-angled), D) orientation

(medial). ACP was 10.681.90 mm and that of the left
Table I. In CT and cadaver group comparison of right and left sides.
Right Left

Min-Max Mean+SD Min-Max Mean+SD P

CT Length 4.98-20.0 10.66+3.52 4.76-18.0 10.82+3.18 0.716

Width 4.8-13.23 8.12+1.78 4.76-13.4 797+1.71  0.490

Angle 16.6-76.2 39.99+12.9 18.8-89.5 39.36+12.43  0.701

Cadaver Length 5.0-19.5 10.90+3.76 9.0-19.0 13.46+3.41 0.057

Width 8.0-13.5 10.53+1.83 6.5-18.0 11.17£2.49  0.446

Angle 28-0-55.0 44.46+8.46 20.0-50.0 s39.548.81 0.127

Right-sided cadaveric width values were statistically significantly higher when compared to CT values (p<0.01). Left-sided cada
length values were statistically significantly higher when compared to CT values (p<0.01)

Table II. In CT group results of right and left sides of ACP measurements
together and values under and above the mean.

N % Min-Max MeantSD
Short 116 479

Length 4.76-20 10.7443.35
Long 126 52.1
: Narrow 128 529 _
Width Wide 114 471 4.76-13.4 8.05+1.74 Table IV. Range of Direction and Types (All
Angle ~ Acwte 1300537 66805 39.67+12.64 groups together).
Obtuse 112 46.3 n %
Direction Posterior 135 55
Table 1ll. Comparison of results of CT group and cadaveric group for Medial 107 45
length, width and angle of ACP bilaterally. Type I 11 4
CT Mean+SD Cadaver Mean=SD P Types Type I 16 59
Length 10.74+3.35 12.503.71 0.006** Others 246 90.1
Width 8.04+1.74 10.93+2.25 0.001**
Angle 39.67+12.64 42.09+9.20 0.190
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was 9.9&1.71 mm. Although the left ACP was shorter than Many CT measurements concerning the
the right, the difference was not significant. Similar resulteneumatization of the anterior clinoid process can be
were found by Hayashi (2004) and by Gupteal (2005). performed (Abuzayeet al, 2010). Chenget al (2013),
Both the right and left ACPs were longer in South Indian skullmeasured the length and thickness of the ACP and the
than Nepalese and Korean skulls (Gugital; Hunnargiet  distance between the apex of the ACP and the sagittal midline
al.; Leeet al). The basal width of the ACP in South Indianin multiplanar reformed CT images of 204 sides from 102
skulls was slightly greater on the right compared to the leffjdividuals and sorted the ACP into four types: 0, I, I, and
but in Nepalese skulls, the converse was true (Gatpad).  1ll, based on Hunnargi's classification.
This was not the case in Indian and Korean skulls. Compared
to Nepalese and Korean skulls, the basal width of the Indian In our study, the right-side measurements of the
skulls was slightly greater. length, width, and angle of the ACP by CT were 183%62

mm, 8.121.78 mm, and 39.99.2.9°, respectively. The left-

In our study of dry skulls, the right sides were shorteside measurements of the length, width, and angle of the
and the left sides were wider, as in the Nepalese skulls, MEP were 10.823 mm, 7.9%1.71 mm, and 39.36.2.43°,
unlike the South Indian skulls; however, the right- and leftespectively. The right and left-side measurements in the CT
side measurements did not differ significantly for angroup were compared; no statistically significant differences
parameter. were identified (p >0.05) (Table I).

Yanget al. (2011), in their study of direct anatomic In conclusion the anatomical structure of the ACP,
measurements and CT-aided three-dimensionalcluding the apical angle of the ACP triangle and its
reconstruction scans performed on 10 (20 sides) formaliarientation in either a posterior or medial direction, are
treated cadaveric specimens and 15 (30 sides) adult sku#iported in this study and may serve as guides for planning
to analyze the optic canal and its anatomic relationship wittinoidectomy and aneurysm clipping. Pre-operative
adjacent structures, including the ACP, reported an averageliological planning by reviewing axial CT scans can help
ACP length of 9.8¥%1.34 mm and average width of 11466 to avoid surgical complications. Attention must be paid to
2.35 mm. The authors concluded that secondary injury Tgype Il (long, narrow, acute-angled) ACPs, which require
the optic nerve and direct injury to the ICA and ophthalmimore challenging surgical techniques and more complicated
artery might occur during surgical procedures due teeurosurgical approaches or osteotomies using skull base
variation in the ACP. techniques.

CECEN, A.; CELIKOGLU, E.; IS, M.; CETI'NER KALE, A. & TORUM EROGLU, B. Medicién preoperatoria de la morfometria
y los angulos del proceso clinoide anterior (PCA) para la cirugia de anedrisrdaMorphol., 34(4)1333-1338, 2016.

RESUMEN: EI proceso clinoide anterior (PCA) esta proximo a estructuras vitales, como el nervio 6ptico, la arteria carétida
interna y la arteria oftalmica, por tanto el estudio de su anatomia es importante en la orientacion y la definicionidali lvase de
créneo. Se estudi6 la estructura anatomica de la PCA, incluyendo el angulo formado por el vértice del triangulo PCAagién,orien
para proporcionar informacién para una cirugia mas facil y mas segura. La medicién se realiz6 en los planos axialesodac2d2 expl
nes craneales de tomografia computarizada (TC) y 27 craneos de individuos adultos turcos de ambos sexos. Se examidélla longitud
PCA, el ancho del PCA en su base, el angulo formado por el &ngulo apical del triangulo PCA y la orientacion del PCA definido de
acuerdo con la linea mediana sagital. En craneos turcos, la longitud y el ancho del PCA fueron similares a estudiodNaet&riores.
estudio fue el primero en medir el angulo y la orientacion del PCA. El angulo promedio fue de 392,64 (16,6 a 89,5) vy, la
orientacion fue posterior en 135 craneos (55 %) y medial en 107 craneos (45 %). Las complicaciones quirdrgicas pueden evitarse
mediante la planificacion radiolégica preoperatoria através de cortes axiales de tomografia computarizada y determimaniiclosi la
gia del PCA es de tipo 2 (larga, estrecha y aguda en angulo recto), lo que requiere la reseccion total.

PALABRAS CLAVE: Proceso clinoide anterior; Morfometria; Cirugia de base de craneo.
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