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Angle Evaluation of Possible Routes that Can Be Used
to Reach the Foramen Ovale in the Anterior Approach
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SUMMARY: For the treatment of trigeminal neuralgia, the foramen ovale is reached by entering the cheek with a needle.
Thermocoagulation is performed with balloon compression, administration of alcohol or radiofrequency. Apart from thentdleitak
is theoretically possible to reach the foramen ovale through the mouth with the anterior approach. In our study, it wa®xaméuet
horizontally and vertically the angular values that must be given to the needle to reach the foramen ovale in the antziorTdppe
landmark points were determined on both right and left sides of 25 dry skulls. A rod was inserted starting from theseplaintsremid
passing through the center of the foramen ovale. The vertical and horizontal angular values of this bar were measurefbr&oerach
ovale, 3 vertical angles, 3 horizontal angles and 4 distance measurements were made. There was a significant differetieer logtinazeh
left sides in terms of horizontal angular values. Average values of horizontal angles (in degrees); on the right, 7 2R 1&rfBilH2, 32.29
for H3; 1.26 for H1, 9.46 for H2, and 30.56 for H3 on the left side (p<0.005). The angle value was measured as 0 or hegitisg 2@
%) of the H1 angle measurements made on the right side and 14 (56 %) on the left side. The H2 angle value was foundrtthba gmall
H1 angle in the skull 2 (8 %) on the right and 3 (12 %) on the left. There was no difference between the right andrieéreidesf vertical
angular values. A significant difference was found between the right and left sides in the D1, D2, D4 distances (p<OiD@5)yteBik
anatomical features affecting angular values were encountered.
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INTRODUCTION

Foramen ovale is a hole in the sphenoid bone, varyimgporting this distance as 2.5 cm (Hwaetgal, 2005).
in size from 4 to 8 mm in length and 3-5 mm in width. It hasnother landmark point is located on the cheek, 3 cm behind
been shown in the literature that it can be in different formghe corner of the mouth. The final landmark is the medial
In addition to the oval type, there are a few studies reportisgle of the patient's pupil. Hartel made the first definition of
triangular, almond and semilunar types (Pettil, 2013; cheek approach to the foramen ovale in 1914 (Gerber, 1994;
Gupta & Gupta, 2012; Natset al, 2018; Chandat al, Gusmaoet al, 2003). In clinical practice, based on these
2020; Kastamonet al, 2021). The mandibular nerve, athree landmark points, the foramen ovale is reached
branch of the trigeminal nerve, passes through the foramegrcutaneously by piercing the cheek. For this procedure
ovale. Just above this hole is the trigeminal ganglion. In thiee neurosurgical assistant must be well trained. It is therefore
treatment of patients suffering from trigeminal neuralgiaecommended that silicone models be used for training
this ganglion may sometimes need to be treatgddillaetal, 2019). In our study, different from the classical
percutaneously. Several accepted landmarks have begproach, certain landmark points were determined in the
identified over the years for the success of percutaneothy skulls to reach the foramen ovale from the anterior side
intervention. One of these landmarks is the zygomatic poimtithout piercing the cheek. It was aimed to enter the foramen
where the straight line passing through the axis of the rigbvale from these points, to reveal the vertical and horizontal
and left foramen ovale intersects the zygomaticus arch. Alsmgular values of the traces obtained, and to determine the
the zygomatic point is located approximately 3 cm anteridndividual anatomical variables that affect these angular
to the external acoustic meatus. There are radiological studietues and make hand practice difficult.
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MATERIAL & METHOD ovale. Starting landmark points of the axes for angle
measurements; 1-The lateral edge of the juga alveolaria of
the third molar tooth in the maxilla, 2-The medial-lower edge

The study was carried out on 25 dry skulls belongingf the crista zygomaticoalveolaris at the level of the first
to the bone collection in the Anatomy Laboratory. Skullmolar tooth, 3-the most lateral-lower edge of the crista
with damaged skull base, foramen ovale and cristg/gomaticoalveolaris. (Figs. 2a,b).

zygomaticoalveolaris were excluded from the study. Three

landmark points were identified. Colored dough was glued In the study, the distance of the foramen ovale to the

to these spots. It was tested by means of a stick whethefoiir points was also measured. These distances are; D1-

could be entered into the foramen ovale from these pointlistance to the skull midline, D2-distance to the zygomatic

Later, lateral and superior photographs were taken of thech, D3-distance to the posterior margin of the third molar

skulls (with Canon 800d Camera). In the shots from aboueoth, D4-distance between the sagittal axis passing through

the photograph was taken by adjusting the camera focus pah# lateral edge of the juga alveolaria and the sagittal axis
according to the foramen ovale to be measured. In latessing through the midpoint of the foramen ovale (Fig. 2c).
shots, the Zygion point is set as the focus of the camefidhe term right and left sides were used according to the

Angular values in the vertical and horizontal planes wermatomical position of the skull (not according to the skull

measured using the Image-J program on the images obtairteke image).

Before photographing the skulls, the skulls were fixed on a

table (with play dough) by inverting them for standardizatiokthics approval and consent to participateThe approval

(Fig. 1a). The sagittal and transverse slope of the skull baséthe ethics committee of the study was given by the “Non-

which would affect the angular values in the photographsvasive Clinical Research Ethics Committee of Izmir Katip

taken, was eliminated using a spirit level (Fig. 1b). FdCelebi University Faculty of Medicine” with the decision
measurement standardization, a millimetric ruler was placedmbered 20.01.2022/0005.

in the same plane with the skull base (Fig. 1c).

Statistical analysis.Made with IBM SPSS 26. Descriptive
In the study, 3 horizontal angles (H1, H2, H3) and 8tatistical analysis (median, minimum, maximum, standard
vertical angles (V1, V2, V3) were measured for each forameleviation, mean value) was performed. The distribution of

Fig. 2. A,B,C. Landmarks, vertical and horizantal angles, measured diameters.
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the obtained data was done with the Shapiro-Wilk test. Rigiahd 16.67 for V3. The mean value of the distance of the
and left side differences were compared with the pairedferamen ovale to the four landmarks (in mm) was found
test. Correlation analysis was performed between the be 26.40 for D1, 39.72 for D2, 31.69 for D3 and 8.76
obtained values. The sexes of the skulls were uncertafor D4 (Table | for detailed data). The difference between
Therefore, a comparison between the sexes could notthe horizontal angular values of the right and left sides is
made. Cohen-Kappa test statistics were used fefatistically significant p<0.005 (Table 1). The difference
interobserver variability in morphometric measurementbetween the vertical angular values of the right and left
Statistical significance level was acceptediaf.05. sides is not statistically significant. A significant difference

was found between the right and left sides in 3 (D1, D2,

D4) distance measurements related to the foramen ovale
RESULTS p<0.005 (Table I).

It was observed that there was a moderate positive

The angle value was measured as 0 or negatigerrelation between the H1 angle and both the H2 angle
value in 5 (20 %) of the H1 angle measurements made amd the D4 distance. Contrary to expectations, neither a
the right side and 14 (56 %) on the left side. Interestinglgpsitive nor a negative correlation was detected between
the H2 angle value was found to be smaller than the Hie H1 angle and the distance of the foramen ovale to the
angle in the skull 2 (8 %) on the right and 3 (12 %) on theygion (D2). Amedium-high level positive correlation was
left. Average values of horizontal angles (in degrees) aletected between the H2 angle and the H3 angle. No
the right side; It was found 7.29 for H1, 12.15 for H2¢orrelation could be detected between both H2 and H3
32.29 for H3. The mean values of vertical angular valuesigles and D1, D2, D3 and D4 distances (Table II).
(in degrees) were found as 44.07 for V1, 30.36 for V2,
and 18.52 for V3. The mean value of the distance of the  \ertical angles show a moderate positive correlation
foramen ovale to the four landmarks (in mm) was four@mong themselves. In addition, a moderate positive
to be 31.40 for D1, 43.33 for D2, 32.08 for D3 and 6.08orrelation was found between V1 angle and D4 distance.
for D4. Average values of horizontal angles (in degrees$)moderate positive correlation was detected between both
on the left side; It was found 1.26 for H1, 9.46 for H2, and2 and V3 angles and D1 distance. There was no
30.56 for H3. The mean values of vertical angular valuesrrelation between these angles and D2, D3, D4 distances
(in degrees) were found as 44.30 for V1, 29.42 for VZTable III).

Table I. Descriptive statistics and paired t test results.

Right mean SS min, max, Left mean ss min, max, p

Vi 44.07 4.6 (29.65-51.17) 44.30 37 (37.98-54.06) 0.800
V2 30.36 4.8 (24.82-44.71) 29.42 6.3 (17.3-44.02) 0571
V3 1852 4.7 (11.85-29.59) 16.67 53 (8.31-25.65) 0212
H1 7.29 65 (-4.60-22.90) 1.26 6.7 (-7.80-22.72) 0.000
H2 12.15 29 (5.05-16.25) 946 35 (2.45-18.69) 0.004
H3 32.29 25 (25.62-37.42) 30.56 33 (24.99-38.22) 0.026
D1 31.40 30 (24.22-37.91) 26.40 32 (20.18-31.67) 0.000
D2 43.33 35 (35.91-49.08) 39.72 34 (34.59-45.82) 0.000
D3 32.08 50 (24.25-43.78) 31.69 40 (22.83-40.28) 0.354
D4 6.08 34 (0-13.81) 8.76 30 (3.41-13.98) 0.005

P<0,005 significant difference betweeéght and left sides*

Table II. Correlation analyses of the horizontal angles.

H1 H2 H3 D1 D2 D3 D4
H1 r 1 .387* 0.136 0.260 0.266 0.175 525*
p - 0018 0421 0.120 0.112 0.300 0.001
H2 r .387* 1 .682* 0.245 0.308 0.275 0.196
p 0.018 - 0.000 0.143 0.063 0.100 0.244
H3 r 0.136 .682* 1 0.286 0.224 0.217 0.012
p 0421 0.000 - 0.086 0.182 0.198 0.942

**_Correlation is significant athe 0.01 kvel (2-tailed).
*. Correlation is significant ahe 0.05 kvel (2-tailed).
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Table IIl. Correlation analyses of the vertical angles.

V1 V2 V3 D1 D2 D3 D4
V1 r 1 482* 374* 0.092 0.158 -0.129 .325*
p 0.002 0.019 0576 0.336 0433 0.044
V2 r 482 1 A438* 327* 0.163 0.030 -0.065
p 0.002 0.005 0.042 0.321 0.856 0.696
V3 r 374* 438* 1 .318* 0.122 0.230 -0.044
p 0.019 0.005 0.049 0.458 0.159 0.790

**_Correlation is significant athe 0.01 kbvel (2-tailed).
*Correlation is significant ghe 0.05 kevel (2-tailed).

DISCUSSION

For the treatment of trigeminal neuralgia, the fossa rare situation in our studyn 19 of the 50 measurements
infratemporalis is passed by entering from the cheek ang made, the H1 angle appeared as 0 or a negative value
the foramen ovale is tried to be reached. This operation(fsig. 3). So what is the significance of this negative angle.
usually successful. However, different holes or channels c@ihis situation can be seen as a simple numerical data.
be accidentally entered at the base of the skull. ExamplesHwever, a physician without proper knowledge of this data
these are the external mouth of the carotid canal, foramgiay advance the needle tip at an angle to the medial to reach
lacerum, and jugulare foramen (Inamasu & Guiot, 200%he foramen ovale with the anterior approach, thus causing
Almeidaet al, 2006; Kaplaret al, 2007). These structuresthe process to fail. Furthermore, a physician who does not
always have a potential for miscannulation. Cannulation dfve this knowledge may enter the carotid canal or foramen
the foramen ovale is an application that requires dexterifycerum while trying to reach the target by creating an angle
and practicality. Sometimes, this procedure cannot ke the medial, which may result in serious complications.
performed initially, due to variations, such as soft tissugor this reason, it is important to know that sometimes a
differences in patients and other reasons that may affect thegative lateral angulation may be required to reach the
dexterity of the physician. Proper and reliable training dbramen ovale with a needle from the level of the upper
the physician are needed for this procedure. Silicone modei&d molar tooth. Acting according to the average values of
are recommended for assistants and young neurosurgethes H1 angle will probably be the biggest reason for the
(zdilla et al, 2019). Cheet al (2020) tried to reach the failure of the procedure for the physician.
foramen ovale transorally with the anterior approach in
cadavers and suggested that this method may be a useful In5 of our measurements, the H2 angle was found to
method and an alternative to the Hartel technique. be smaller than the H1 angle (Fig. 3). Two reasons for this

situation have been identified. First; the juga alveolaria of

In our study, three landmarks were determined to readhe third molar tooth is excessively large and raised laterally.
the foramen ovale with the anterior approach. In terms @fhe second being; The palatal horizontal diameter is
angular values obtained from these landmarks, the results éxcessively wide compared to its sagittal length.

H1 angular values were surprising. In our study, in some skulls,

the H1 angle was towards the other side of the zero line, in A different situation affecting the H1 angle is that
other words, in the opposite direction. This opposite angulatiohe lamina lateralis of the pterygoid process of the sphenoid
was shown as negative angulation. Interestingly, this was rsdne is excessively deviated to the lateral and obstructs the
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Fig. 3. Boxplot Graph of the horizontal angles distribution.
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needle's path like a wall. For this reason, it was necessaryrtam this lateral point, the internal part of the skull was
shift the route a little laterally to reach the foramen ovaleeached by easily passing through the hole. However, an
which caused the H1 angle to enlarge. interesting situation is that the posterior wall of some foramen
ovale was long and somewhat steep like a short canal, and
Interestingly, it is obvious that such situations, whicltherefore, even if you reached the foramen ovale, it did not
complicate the task of establishing the right angle even duriatiow entering at the same angle. In order to pass through
our study, will cause difficulties for the clinicians who willthe foramen ovale, you had to provide an angular change
perform blind processes. For this reason, these 3 importéinicrease) with a practical hand manipulation. Possibly this
factors in terms of hand practice must be added to tpeoblem can be expected when passing through a canal-
foresight pool by the physician who will perform theshaped anatomical structure. However, the word "foramen"
procedure. in the naming of the foramen ovale may distract the
physician, in that such an obstacle could be encountered.
For the V3 angular value, the foramen ovale waBven if the physician reaches the target foramen ovale, the
reached from the lateral lower margin of the cristposterior wall of the foramen will not allow the needle to
zygomaticoalveolaris. Two important factors were affectingass through. For this reason, the physician needs to know
the angular results for this angular evaluation. One was thlat sometimes at this point an angular change must be made
the crista zygomaticoalveolaris ridge differed not onlyith a hand manipulation. Interestingly, in some skulls, the
between the skulls but also between the right and left sidpssterior wall was almost non-existent, and it was possible
For this reason, the value of the angle of reaching the foramerpass through the foramen ovale easily even with a minimal
ovale showed much variation due to the bony differencestadrizontal angle.
the starting point. Interestingly, in some skulls, the foramen
ovale and this lateral point were almost in the same plane,  Finally, in our study, there was a bone bridge in front
so a minimal angle (below 10 degrees) was sufficient to reaofithe foramen ovale in one skull and it affected some angular
the foramen ovale (Fig. 4). The second important issuevialues. It also made it difficult to reach the foramen ovale
that in some skulls, when the foramen ovale was reach@sg .5).
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Fig. 4. Boxplot Graph of the vertical angles distribution.

At the beginning of the discussion, | mentioned that
there are articles suggesting that silicone models can be
developed and used for assistants and young neurosurgeons
to get used to the Hartel technique and improve their manual
dexterity (Zdillaet al, 2019). We would also like to point
out this. In our study, due to individual skull base and bone
structure differences, the difficulties we experienced during
the effort to reach the foramen ovale with the anterior
approach and to establish standardization made us think that
young neurosurgeons should spend more time on dry skulls
to improve themselves in the post-graduate period.

Fig. 5. Accessory bone bridge in front of the foramen ovale.
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