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SUMMARY: Surgical operations regarding to skull base are challenging and reliable anatomical landmarks are required. There
is a lack of knowledge on anatomical variations in this region. The aim of this study was to determine the safe extrabrenla far
surgical approach to the skull base. In this study, 23 adult dry skulls were evaluated: the age and sex of the specinkeaswresd|u
measurements were taken from external surface of inferior aspect of the skull by using digital calipers accurate to Oci@htamd In
left sides; the distances between the external acoustic meatus (EAM) and the following anatomical landmarks were meatarred: arti
tubercle (AT); anterior margin of squamous suture (ASS); superior margin of squamous suture (SSS); posterior margin of squamous
suture (PSS); end point of styloid process (SP); midpoints of pterygomaxillary fissure (PMF); foramen ovale (FO); forasen spino
(FS); and of carotid canal (CC).The distances of the external acoustic meatus to the anatomical structures on thetriighe sinckfef
EAM-SP; 24.243.19 mm, 23.163.17 mm; EAM-PMF; 46.564.51mm, 46.2%3.96 mm; EAM-FO; 27.5¥2.87 mm, 28.782.85 mm;
EAM-FS; 22.533.19 mm, 22.723.47 mm; EAM-CC; 17.353.56 mm, 17.183.39 mm; EAM-AT; 19.333.79 mm, 18.953.42 mm;
EAM-ASS; 43.144.80 mm, 46.824.61 mm; EAM-SSS; 49.¥4.74 mm, 48.883.34 mm and EAM-PSS; 36.18.24 mm, 35.384.25
mm, respectively. We think that the findings obtained from this study related to external acoustic meatus can be anefepentnt r
for surgical anatomy and surgical procedures in skull base.
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INTRODUCTION

In skull base surgery; the middle cranial fossa The middle fossa approach has quite intricate
procedure is widely accepted to be one of the most importatfifficulties by reason of the many vital structures that are
and difficult approaches. Theoretically; hearing function malpcated in a very small operation area. To avoid damage in
be kept intact, therefore surgeons prefer to extend ttree middle fossa; distances between each structures must be
dissection site and increase indications (Aristegal, 1994; measured and also be examined by morphological
Chopraet al, 2003; Tanrioveet al, 2009). perspective (Rhoton Jr., 2000; Sennaroglu & Slatterry, 2003;

Junget al, 2004).

Middle skull base includes one of the most important
anatomical areas for surgical skull base approaches. The  The external acoustic meatus (EAM), styloid process
middle fossa is limited between the sphenoid ridge and t{®P), pterygomaxillary fissure (PMF), foramen ovale (FO),
petrous ridge. Various neurovascular elements are passiagamen spinosum (FS), carotid canal (CC), articular tubercle
through the middle skull base, and the anatomy of this regiQiT) and squamous suture has close relationships with
is further complicated due to the location of importaninportant neurovascular structures. Additionally each of these
structures within the temporal bone (Edwaetisl, 2018; structures are considered as an important landmark. However,
Peris-Celdeet al, 2019). The objective of this study is totheir clinical anatomy has not been studied in detail. On the
describe the precise and accurate guiding for the middle fosghaer hand, it may be difficult to observe the neural structures,
surgery, especially in identifying the external acoustic meatirscase of a deformation or a possible tumor invasion (eéng
(EAM). al., 1984; Krayenbuhét al, 2008; Patikt al, 2013).

* Baskent University, Faculty of Medicine, Department of Anatomy, Adana, Turkey.
2 Cukurova University, Faculty of Medicine, Department of Anatomy, Adana, Turkey.

1669



OZSAHIN, E.; ERDEM, H.; BOYAN, N. & OGUZ, O. Extracranial landmarks for surgical skull base approadhesl. Morphol., 39(6)1669-1672, 2021.

MATERIAL AND METHOD RESULTS

In this study, 23 adult dry skulls were evaluated: the The distances of the external acoustic meatus to the
age and sex of the specimens were unknown. Adinatomical structures on the right and left sides are expressed
measurements were taken from external surface of inferiorTable I.
aspect of the skull by using digital calipers accurate to 0.01

mm. Inrightand left sides; the distances between the eXte”?Qtl)le |. Measurements between the external acoustic meatus and the

acoustic meatus (EAM) and the following anatomicanatomical structures on the right and left sides. Expressed in mm.
landmarks were measured: end point of styloid process (SP3; ameters Right Side Left Side

midpoint of pterygo maxillary fissure (PMF); midpoint of
foramen ovale (FO); midpoint of foramen spinosum (FS);

. . . . EAM-SP 15-30 24.24+3.19 17-30 23.16+3.17
mldp0|nt of carotid canal (CC), articular tubercle (AT), an-eam-PME 40-57 46.56+4.51 40-51 46.25+3.96

Ranges Mean+SD Ranges Mean+SD

terior margin of squamous suture (ASS); superior margin Gam-FO 2333 27.57+2.87 24-33 28.70+2.85
squamous suture (SSS) and posterior margin of squamaoefV-FS 1729 22.53+3.19 17-31 22.72+ 347
EAM-CC 1124  17.35£356 10-26 17.19+ 3.39

suture (PSS) (Figs.1 and 2).

EAM-AT 11-26 19.31+ 3.79 12-26 18.95+ 3.42
EAM-ASS 32-55 43.14+ 4.80 3857 46.82+ 4.61
EAM-SSS 42-63 49.17+ 4.74 42-49 48.83+ 3.34
EAM-PSS 30-45 36.15+ 4.24 29-43 35.39+ 425
EAM-SP: external acoustic meatus (EAM)-end point of styloid process (SP);
EAM-PMF: EAM-midpoint of pterygo maxillary fissure (PMF); EAM-FO:
EAM-midpoint of foramen ovale (FO); EAM-FS: EAM-midpoint of fora-
men spinosum (FS); EAM-CC: EAM-midpoint of carotid canal (CC); EAM-
AT: EAM- articular tubercle (AT); EAM-ASS: EAM-anterior margin of
squamous suture (ASS); EAM-SSS: EAM-superior margin of squamous suture
(SSS); EAM-PSS: EAM-posterior margin of squamous suture (PSS).

e e T BE DISCUSSION

Fig. 1. The distances between the external acoustic meatus (EAM)

and the anatomical landmarks of the skull base. EAM-FO: EAM-

midpoint of foramen ovale (FO); EAM-FS: EAM-midpoint of fora- Surgical approaches to the skull base need to be
men spinosum (FS); EAM-CC: EAM-midpoint of carotid canal (CC)guided by external landmarks regarding to temporal and
sphenoid bones. This guiding strategy allows the surgeons
to identify the middle fossa and to avoid postoperative or
intraoperative complications. Besides anatomical variations
should be considered to enhance the success of surgical
interventions. Furthermore, it is particularly important to
keep in mind the anatomical variations, for the benefit of
individuals whose middle fossa regions were manifested by
a variety of pathologies or with evidence that indicated the
trauma (Kaylieet al, 2006; Tanrioveet al; Peris-Celd&t

al., 2019). This manuscript defines the important landmarks
of the middle fossa to avoid any iatrogenic injuries.

There are many descriptions of the middle fossa
foramina together with its components, but there is very little
data on relevant surgical anatomical topic and to our
. : _ knowledge none of them focuses on the relationships
Fig. 2. The distances between the external acoustic meatus (E tween internal and external landmarks (Bozbeg#,

and the anatomical landmarks of the skull base. EAM-SP: EAM-e . g ] .
point of styloid process (SP); EAM-PMF: EAM-midpoint of pterygori 98; Choprat al; Miller & Pensak, 2003; Peris-Celéa

maxillary fissure (PMF); EAM-AT: EAM-articular tubercle (AT); al.,, 2019). There areé various su_rglcal approaCh?S to expose
EAM-ASS: EAM-anterior margin of squamous suture (ASS); EAMNUmMerous pathologies originating from the middle fossa
SSS: EAM-superior margin of squamous suture (SSS); EAM-PS@30zbugaet al). The morphometrical data which was
EAM-posterior margin of squamous suture (PSS). determined to focus on surgical anatomy, and also important
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external landmarks of the middle fossa are needed to firgeon in order to make surgery more accurate, gentle, and
considered on classical middle fossa surgery (Peris-Celskfe for our patients” (Rhoton Jr., 2011).

etal, 2019). EAM is an important anatomical reference and

a very significant point regarding to skull base approaches. Peris-Celdaet al (2019) reported that the distances
The middle cranial fossa operations guided with specifaf the EAM to the anatomical landmarks on the right and
anatomical landmarks are less time consuming and resuéf sides were: EAM-FO; 20.6 (9.6-29) mm; EAM-FS; 14.7
with minimum retraction in the incision area or deepef5.8-20.9) mm; EAM-ASS; 36.6 (27.1-43.9) mm; EAM-
operated regions. The EAM is the main external landma&&SS; 39.6 (29-47.8) mm; EAM-PSS; 24 (11.9-38.1) mm. It
which was discussed in this study. The EAM is a usefwas observed that there is a slight difference between the
reference point, especially before the skin incision. Afteesults of the study conducted with Peris-Celdal (2019)

the skin incision the zygomatic root clearly be exposeaind our results presented in the current study. This
(Rolandet al, 1991; Sennaroglu & Slatterry; Peris-Cedtla discrepancy may result from different ethnicity and the
al., 2019). geographical regions of the skulls analyzed.

Professor Rhoton, has been the forerunner of the “see-  Our results suggest that the temporal line or slightly
through vision” concept in neurosurgery that is related taferior to it, is a safe beginning for the superior portion of
being able to locate deep critical structures by examinirige mastoidectomy. Surgeons should be aware that in some
the superficial planes with appropriate knowledge of surgicehses the dura can be located at this point (Miller & Pensak;
anatomy (Rhoton Jr., 2011; Peris-Cetdal, 2019). This Patil et al; Peris-Celdaet al, 2019). We believe that this
concept helps the surgeons all through the operation pergtddy can be implemented to a novel neuronavigation-based
with planning, execution and integration of surgicatesearch method to quantitatively compare different
navigation. Careful study of the anatomy must go along witipproaches in the middle cranial fossa. After adapting our
surgical anatomical knowledge (Komueteal., 2017). data as a guide in neuronavigational procedures and gaining

experience, outcomes can be considered in clinical

The dura mater can be dissected to inferiorly to fe@hplementations.
the floor of the middle fossa and can be determined as the
inferior aspect of the craniotomy if necessary. In this process;  We believe our morphometric measurements can
burr holes will not be placed in undesirable locations sugitovide and contribute to a safe and a rapid approach to
as the transverse-sigmoid junction, above the tentorium pakull base. Therefore surgeons need to have an extensive
terior to the petrous bone, or over the mastoid process.dnatomical knowledge of this area to decide the safe and
this study the gender or ethnicity of the dry skulls weraccurate approach technique in surgical procedures.
unknown. This limitation can alter the management of our

results. Measurements can be variable, but the locatig SSAHIN. E.- ERDEM. H.- BOYAN. N. & OGUZ. O. Puntos de
associated with external structures is mostly constant. erencia extracraneales para abordajes quirlrgicos de la base del

strongly suggest that in order to adapt the previously knoVpsneont. J. Morphol., 39(611669-1672, 2021.
general anatomical knowledge of the specific anatomy of _ _
the patient and the pathology, detailed preoperative RESUMEN: Las cirugias relacionadas con la base del cra-

examinations should be performed. We thinieo son un desafio, las cuales requieren puntos de referencia anato-

neuronavigation is a valuable tool, but may not always 6@'003 confiables. Existe una falta de conocimiento sobre las varia-

suitable throughout the brocess and must be assumed ciones anatémicas en esta region. El objetivo de este estudio fue
9 P FRtErminar los puntos de referencia extracraneales seguros para el

suppl_ement for the a”atQ’T“C?' k”OW'ed_g‘? but not _asaﬁordaje quirdrgico de la base del craneo. En este estudio se evalua-
substitution. Furthermore, itis still not an efficient techniqugyn 23 craneos secos adultos: se desconocia la edad y el sexo de los
to locate small adjacent neurovascular structures, ljemplares. Las medidas se tomaron de la superficie externa de la
neuronavigation (Kayliet al; Peris-Celdat al, 2013; Peris- cara inferior del craneo utilizando calibradores digitales con una pre-
Celdaet al, 2019). In this study we also aimed to help teision de 0,01 mm. En lados derecho e izquierdo se midieron las
the neuronavigation process by determining the distancéigfancias entre el meato acustico externo (MAE) y los siguientes
between EAM and various important landmarks. We believRuntos de referencia anatomicos: tubérculo articular (TA); margen
the neurovascular structures that settled in the middle crarfij€"or de la sutura escamosa (MASE); margen superior de sutura

- . . . scamosa (MSSE); margen posterior de sutura escamosa (MPSE);
fossa or passing through this region can be precisely loca &

. LS . . to final del proceso estiloides (PFPE); puntos medios de la fisura
with the contribution of the data which we presented in th erigomaxilar (PMFP); foramen oval (FO); foramen espinoso (FE);

study. A_|thf3U9h P_rofes_sor R_hOton has studied ge| canal carotideo (CC). Las distancias del meato actstico exter-
neuronavigation techniques in detail, and he quoted that ‘th¢a las estructuras anatémicas de los lados derecho e izquierdo fue-
best navigation is the surgical anatomy in the mind of then: MAE-PFPE; 24,24 3,19 mm, 23,16 3,17 mm; MAE-PMFP;
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46,56+ 4,51 mm, 46,2% 3,96 mm; MAE-FO; 27,5% 2,87 mm, Rhoton Jr.

, A. L. The temporal bone and transtemporal approaches.

28,70+ 2,85 mm; MAE-FE; 22,53 3,19 mm, 22,72 3,47 mm; Neurosurgery, 47(3 Supp§211-65, 2000.
MAE-CC: 17.35+ 3.56 mm. 17.12 3.39 mm: MAE-TA: 19.3  Roland, P. S.; Meyerhoff, W. & Mickey, B. Management of the external
3.79 mm’ 18 ’9& 3 212 mm: ,MAI,E-MA:SE' 43 ié 4.80 m,m 4,16 82 auditory canal in skull base surgery. Skull Base Surg., 1(1):39-42, 1991.

*+ 4,61 mm; MAE-MSSE; 49,1% 4,74 mm, 48,8% 3,34 mm y

Sennaroglu, L. & Slattery 3rd, W. H. Petrous anatomy for middle fossa
approachLaryngoscope, 113(332-42, 2003.

MAE-MPSE; 36,15 4,24 mm, 35,3% 4,25 mm, respectivamente. tanriover, N.; Sanus, G. Z.; Ulu, M. O.; Tanriverdi, T.; Akar, Z.; Rubino, P.
Creemos que los hallazgos obtenidos de este estudio relacionadog,. & Rhoton Jr., A. L. Middle fossa approach: microsurgical anatomy
con el meato acustico externo pueden ser una referencia importanteand surgical technique from the neurosurgical perspecfueg.

para la anatomia quirdrgica y los procedimientos quirirgicos en la Neurol.

base del craneo.

PALABRAS CLAVE: Meato acustico externo; Base del
craneo; Anatomia quirrgica; Abordaje quirtrgico.

, 71(5)586-96, 2009.
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