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Location of the accessory
infraorbital foramen with reference
to external landmarks and its
clinical implications

Kang-Jae Shin?, Shin-Hyo Lee?, Min-Gyu Park3, Hyun Jin Shin®%*>™ &
Andrew G. Lee5,6,7,8,9,10,11,12

The aim of this study was to define the location of the accessory infraorbital foramen (AIOF) with
reference to accessible external landmarks in order to facilitate orbital and oculoplastic surgical
procedures in the maxillofacial region. Forty-four hemifaces from 25 cadavers were dissected. The
lateral canthus, subnasal point, and lacrimal caruncle were used as anatomic reference points. The
AIOF was observed in 8 of the 44 hemifaces (18.2%) and was situated at a mean distance of 7.2 mm
superomedial to the IOF. The horizontal distance from the lacrimal caruncle to the AIOF was 0.3 mm. In
all cases the AIOF was situated at a point that was no more than 8 mm from the intersection point of a
vertical line passing through the lacrimal caruncle and an oblique line joining the lateral canthus and the
subnasal point. Surgeons anesthetizing or performing surgical procedures in the maxillofacial region
should be aware of the frequency of the AIOF (18.2%) and its location (on the superomedial side of the
I0OF). We propose that injecting at the intersection point of a vertical line passing through the lacrimal
caruncle and an oblique line joining the lateral canthus and the subnasal point would successfully
block the accessory branch of the infraorbital nerve. Likewise, surgeons operating in this region should
be aware of the location of the AIOF in order to avoid inadvertent iatrogenic injury to a duplicated
infraorbital nerve.

The infraorbital nerve (ION) derives from the trigeminal nerve exiting the maxilla via the infraorbital foramen
(IOF) and provides midface sensation’. Regional nerve block of the ION can be used for regional anesthesia dur-
ing surgeries involving the midface region or when treating neuralgia of the infraorbital nerve with a complaint
of unusual facial pain. However, sometimes the ION is duplicated, and the presence of the accessory infraorbital
nerve (AION) often results in anesthesia failure**. Thus, clinicians should consider the presence of this accessory
branch passing through accessory infraorbital foramen (AIOF) in order to accomplish satisfactory anesthesia of
the midfacial region and also to avoid iatrogenic injury to the duplicated ION.

While the ION has been investigated extensively in the prior literature, there are few reports on the topogra-
phy of the AIOF, resulting in insufficient information on this foramen in the literature*-. Previous studies deter-
mining the location of the AIOF used the nasomaxillary suture and anterior nasal spine as reference landmarks”®.
However, palpitating such deep bony landmarks externally is very difficult, and so they are rarely used in clinical
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Figure 1. Cadaveric dissection demonstrating the external landmarks. The oblique line joining the lateral
canthus (LC) and the subnasal point (SN) passed through the accessory infraorbital foramen (AIOF). The arrow
and arrowhead indicate the AIOF and infraorbital foramen (IOF), respectively; FM, facial midline; L, lacrimal
caruncle; Z, zygion.

situations, which makes it necessary to identify identifiable external landmarks as references for easily predicting
the location of the AIOE.

Previously we have reported the usefulness of the lateral canthus®!’, lacrimal caruncle!*!?, and subnasal
point’® as external anatomic landmarks in oculofacial surgery. These landmarks are accessible and static, and so
could be suitable points of reference for identifying deeper structures such as nerves and arteries when attempting
to prevent iatrogenic injuries and facilitate dissections. This study used cadaveric dissection with the purpose
of determining whether these reference points could serve as reliable landmarks for identifying the underlying
AIOF. Such information may assist clinicians to perform safer and more effective surgical procedures as well as
in local anesthesia planning.

11,12

Materials and Methods

Fifty hemifaces of 25 embalmed adult Korean cadavers legally donated in the Dong-A University College of
Medicine were included in this study. After excluding six hemifaces that had been anatomically disrupted by
previous surgery, trauma or prior dissections in the midface region, 44 hemifaces were suitable for morphometric
measurements (comprising 19 male and 6 female orbits, and 22 right and 22 left hemifaces) and examined inde-
pendently of their right and left halves. The mean age at the time of death was 73.7 years (range, 44-96 years).
All procedures were performed in accordance with the Declaration of Helsinki of the World Medical Association
(WMA). After the approval of the Dong-A University College of Medicine, twenty-five embalmed cadavers that
were legally donated to this institution, were subjected to the dissection of the maxillofacial region. The cadavers
were not from prisoners and that informed consent was obtained from the legal guardians.

Measured parameters. Each cadaver was placed in a supine position, and the skin and subcutaneous tissue
over the maxilla were cut and removed completely. The location of the AIOF was determined using the following
external landmarks: lateral canthus, subnasal point, and the lacrimal caruncle (Fig. 1). We measured the following
parameters directly on cadavers using digital calipers:

#1.Horizontal distance from the facial midline to the lacrimal caruncle.

#2.Horizontal distance from the facial midline to the lateral canthus.

#3.Horizontal distance from the facial midline to the zygion.

#4.Vertical distance from the AIOF to the lacrimal caruncle.

#5.Vertical distance from the AIOF to the infraorbital margin.

#6.Horizontal distance from the AIOF to the lacrimal caruncle.

#7. Horizontal distance from the AIOF to the facial midline.

#8.Distance from the AIOF to the IOF.

#9.Angle between the AIOF and the horizontal line through the IOF.

Statistical analysis. Statistical analyses were performed using SPSS (version 18.0, SPSS, Chicago, IL, USA).
We used the Shapiro-Wilk test for determining whether the data conformed to a parametric or nonparametric
distribution. Full faces were examined in their two halves in the 19 cadavers and the side difference (laterality)
was verified using Paired samples-t test. The linear relationships between the study parameters (between #3 and
#2 and between #3 and #7) were calculated using Pearson’s correlation test. Conclusions are made at p = 0.05 level
of significance.
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Anatomic parameter # Mean SD

Horizontal distance .

from facial midline to lacrimal caruncle (1) |219 1.7
to lateral canthus (2) | 424 2.2
to zygion (3) |64.0 4.9

X?g;:al distance from to lacrimal caruncle (4) 19.7 1.9
to infraorbital margin (5) |64 1.4

Eg;izzrllgll:dlstance to lacrimal caruncle 6) |03 35
to facial midline (7) |222 2.9

Distance from AIOF | to IOF 8) |72 24

Angle between

horizontal line and AIOF 9) |346 14.9

through IOF

Table 1. Measured parameters. Detailed descriptions are provided in the main text and Fig. 2. #, number of
measured parameter Values are in millimeters, except for #9 (in degrees) IOF, infraorbital foramen; AIOF,
accessory infraorbital foramen.

7(4)19;7/ 10M (3)64.0
I_(5)°-“ 7)22.2__AIOF z
© 1603 N\(8)7.2
IOF

Figure 2. Illustration of the main vertical and horizontal parameters; IOM, infraorbital margin. Measurement
unit (millimeter), except #9 (degree).

Results

All of the study parameters were measured twice by two of the authors (K.J.S. and S.H.L). The intergrader reliabil-
ity for these two graders was confirmed by the k value ranging from 0.90 to 0.94 for different variables. All of the
measurements conformed to a normal distribution. There was no laterality difference in the variables between the
left and right sides of the hemiface. The values of parameters are listed in Table 1 and displayed in Fig. 2.

The dimensions related to AION from the lacrimal caruncle—the vertical (#4) and horizontal (#6) distances—
had values of 19.7 = 1.7 mm (mean =+ SD) and 0.3 & 3.5 mm, respectively. The horizontal distance related to the
AIOF from the facial midline (#7) had a value of 22.2 2.9 mm. Pearson’s correlation tests between the dis-
tances (#3 and #2, and #7) were analyzed. Distance #3 was positively associated with #2 and #7 (both p < 0.05).
According to the increase in the horizontal lengths on the midface (#2), the lateral canthus (#2) and AIOF (#7)
tended to be located more laterally.

The AIOF was observed in 8 of the 44 hemifaces (18.2%), with 5 and 3 cases located on the right and left sides,
respectively, while 2 cases were bilateral (Fig. 3A). There was one case in which two holes were found on one side
(Fig. 3B). Figure 4 displays the distribution of the AIOF in the eight cases: it was located superomedially to the
IOF in 88.9% and medially in 11.1%. In most cases the AION was situated where a vertical line passing through
the lacrimal caruncle intersected with an oblique line joining the lateral canthus and the subnasal point. The dis-
tance from the point of intersection to the AIOF ranged from 4 to 8 mm.

Discussion

Locating the ION can be difficult and the presence of a double foramina is important when planning surgery
and/or local anesthesia in the maxillofacial region. When a clinician performs ION block, nerve blocks may not
provide adequate analgesia if an AION is present. It is obvious that the presence of extra branches of the nerve can
result in possible iatrogenic morbidity during facial surgery, and so a surgeon should be aware of and consider
this anatomic variation.

The present study has revealed the topography of the AIOF in Korean cadavers. The AIOF was found in 18.2%
of cases and was mostly located superomedial to the IOF with a single accessory foramen. We also found that
in all cases the AIOF was located within 8 mm of the point where a vertical line passing through the lacrimal
caruncle intersected with an oblique line joining the lateral canthus and the subnasal point. Considering how

SCIENTIFIC REPORTS |

(2020) 10:8566 | https://doi.org/10.1038/s41598-020-65330-4


https://doi.org/10.1038/s41598-020-65330-4

www.nature.com/scientificreports/

Figure 3. Cadaveric dissection showing the anatomic and morphometric variations of the AIOF. (A) The
AIOF occurred bilaterally in two specimens (arrows, 25%). (B) Double accessory foramina were present in one
specimen (arrows, 12.5%).

FM

&\“\\‘Z\}\\\

Figure 4. Schematic drawing of the distribution of the AIOF. All of the accessory foramina were located within
8 mm of the intersection point between the vertical line passing through the L and the oblique line joining the
LC and the SN; R, radius. Unit: millimeters.

anesthetic agent is distributed, injecting into this intersection point would successfully block the AION in most
patients (Fig. 5). Alternative landmarks could be used if facial trauma or another ocular anomaly has changed
the original positions of these soft-tissue landmarks. The vertical and horizontal distances from the AIOF to the
lacrimal caruncle and the facial midline were 19.7 mm (#4) and 22.2 mm (#7), respectively. Thus, it can also be
concluded that the AIOF is situated approximately 2 cm below the lacrimal caruncle and 2 cm lateral from the
facial midline (Fig. 5).

One particularly interestingly finding was that the presence of an AION will result in the lower eyelid always
receiving sensory innervation from that accessory nerve instead of the ION (Fig. 6). In some cases, inadequate
ION block by local anesthesia when performing lower eyelid surgery may therefore be associated with this ana-
tomic variation, and so if the patient still feels pain even after performing an ION block, the surgeon should
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Figure 5. Guideline for the injection site of anesthetic for achieving successful AION block during surgeries
involving the maxillofacial region. The optimum site for anesthetic injections is the intersection point between
the vertical line passing through the L and the oblique line joining the LC and the SN. Also, the point located
2 cm below the lacrimal caruncle and 2 cm lateral from the facial midline could be consider as alternative
injection site.

Figure 6. Sensory innervation of lower eyelid when an AIOF is present. The lower eyelid always receives
sensory innervation from the accessory branch of the infraorbital nerve (arrow) instead of the ION
(arrowhead), a trend that can also be observed in Figs. 1 and 3.

consider an additional injection into the above-mentioned intersection point in order to achieve a sufficient
anesthetic effect.

Several studies have documented the location of the AION with reference to several deep bony landmarks
such as the frontomaxillary suture, zygomaticomaxillary suture, and anterior nasal spine”$. Although predicting
the location of the AIOF using these anatomical landmarks has been described previously, most of these reports
were confined to the research laboratory setting and are too complex for use in the clinic or operating room. Also,
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these structures are somewhat distant from the AIOF; for example, the frontomaxillary suture has been docu-
mented to be approximately 25 mm from the AIOF®. In addition, most of the previous studies only examined dry
skulls, and not cadavers, and it cannot be confirmed whether or not the nerve passes through the foramen in the
dry skull. For example, there is a report of an AIOF frequency of 47.6% in the dry skull, which is much higher
than the commonly reporting prevalence of 16.9%'.

One strength of our study is that—in order to make accurate assessments—we used embalmed cadavers
instead of using dry skulls, and confirmed that nerves actually pass through the foramen. Little holes without
nerves were not considered foramina in this study. Also, we used external landmarks that are more practical due
to them being easily visible and palpable in the clinical situation. The soft-tissue landmarks used in the present
study (e.g., lacrimal caruncle, lateral canthus, and subnasal points) have been demonstrated to be reliable ana-
tomical landmarks for identifying underlying structures in previous studies, and appropriate descriptions have
appeared for their utilization in all surgical disciplines®**.

We analyzed the positional relationships between the AIOF and multiple external landmarks instead of meas-
uring the distance of the AIOF from a single reference point. We adopted this approach since simply measuring
a single distance does not reflect positional changes related to changes in the size of the face. The lateral canthus
on the face is situated more laterally in larger skulls>'>!¢. In the present study we found that in horizontally larger
midfaces, the AIOF tend to be situated more laterally as well. This finding suggests that the lateral canthus is a
reliable external landmark that will not be significantly influenced by individual differences in skull size. Our
clinical observations revealed the AIOF to be situated around the oblique line joining the lateral canthus and the
subnasal point, which is similar to the report of Ercikti et al.'”. We also found that horizontally, the AIOF (#6)
was situated 0.3 mm lateral from the lacrimal caruncle. Based on these findings, the intersection point of two
lines—the oblique line joining the lateral canthus and the subnasal point and the vertical line passing through the
lacrimal caruncle—could be ideal for identifying the location of the underlying AIOE.

With regard to the location of the AIOEF, the findings made in this study are also similar to previous reports.
Canan et al.'® reported that the AIOF was located 79.6% superomedial to the IOF, as similarly documented by
Boopathi et al.’® Tezer et al.” found that the AIOF was located superomedial to the IOF in 93.3% of cases and
inferomedially in the other 6.7%; we found that 88.9% of them were located superomedially while the other 11.1%
were located medially. For localization of the foramen, the reported distance from the AIOF to the IOF has varied
from 3.95 to 9.98 mm”®. The data obtained in our study were consistent with this, since the mean distance (#8)
was 7.2mm.

Clinicians can also consider an alternative anesthetic technique named the maxillary nerve block to address
the presence of the AION. This technique involves a more-proximal approach at the level of maxillary nerve
before it enters the infraorbital canal, and can be performed via a high tuberosity, greater palatine canal, and coro-
noid approach. Even if this method is more difficult to perform, it has the advantage of anesthetizing the maxillary
nerve in the pterygopalatine fossa and providing profound analgesia for midface surgery regardless of whether
the ION is duplicated. Also, real-time ultrasound-guided ION blocks could be another option. Considering indi-
vidual variations in craniofacial morphology, an ultrasound-guided technique can help the physician to identify
the underlying IOF and AIOF in individual patients and so also reduce the risk of direct puncturing the neurovas-
cular bundle®. However, considering the possibility of a lack of ultrasound equipment and appropriately trained
physicians, our suggested simple method would provide a convenient guideline and aid the clinician in achieving
successful regional nerve block in the midface area.

This study had several limitations. First, the number of specimens was too small to determine the frequency
of the presence of the AIOF in the Asian population. Achieving this would require calculation of the required
sample size based on the total Asian population. Second, our dissections were performed only in Asian cadavers.
Considering the anatomical variations in craniofacial bone among races, the results could differ in Caucasians
and other races. Also, the frequency of the skull having an AIOF has reportedly varied according to the latitude?'.
Lastly, because of craniofacial growth and bony structural changes with age??, the topography of the AIOF as
mainly obtained in elderly subjects in our study could be different in young subjects. Therefore, future studies
with large samples including different age groups should investigate the frequency in particular regions of the
world as well as racial differences.

In conclusion, considering our findings and previous reports, the relatively high prevalence of the AIOF
means that a surgeon should be aware of this anatomic variation when performing any surgical or anesthetic pro-
cedures in the maxillofacial region. The intersection point of the vertical line passing though the lacrimal caruncle
and the oblique line joining the lateral canthus and subnasal point can be used to accurately locate the AIOF. This
new method of localizing the AIOF can assist clinicians performing AION blockade and thereby prevent iatro-
genic AION damage, and also improve patient satisfaction.

Data availability
The datasets generated and analyzed during the current study are available from the corresponding author on
reasonable request.

Received: 27 September 2019; Accepted: 1 May 2020;
Published online: 22 May 2020

References
1. Moore, K. L. & Dalley, A. E. Clinically Oriented Anatomy (4th edition. Philadelphia) 859 (Lippincott Williams & Wilkins, 1999).
2. Bahrami, A., Saman, M. & Ducic, Y. Duplicate infraorbital nerve-an uncommon anatomical variation. JSM Oro Facial Surg 1, 1001
(2016).
3. Tubbs, R. S., Loukas, M., May, W. R. & Cohen-Gadol, A. A. A variation of the infraorbital nerve: its potential clinical consequence
especially in the treatment of trigeminal neuralgia: case report. Neurosurgery. 67, E315 (2010).

SCIENTIFIC REPORTS |

(2020) 10:8566 | https://doi.org/10.1038/s41598-020-65330-4


https://doi.org/10.1038/s41598-020-65330-4

www.nature.com/scientificreports/

4. Bressan, C. et al. Descriptive and topographic anatomy of the accessory infraorbital foramen. Clinical implications in maxillary
surgery. Minerva Stomatol 53, 495-505 (2004).
5. Hanihara, T. & Ishida, H. Frequency variations of discrete cranial traits in major human populations. IV. Vessel and nerve related
variations. ] Anat 199, 273-287 (2001).
6. Gour, K. K., Nair, S., Trivedi, G. N. & Gupta, S. D. Anthropometric measurements of infraorbital foramen in dried human skulls. Int
] Biol Med Res 3,2003-2006 (2012).
7. Tezer.,, M., Ozturk, A., Akgul, M. & Gayretli, O. Anatomic and morphometric features of the accessory infraorbital foramen. J
Morphol Sci 28,95-97 (2011).
. Rai, A. R. et al. Anatomical and morphometric analysis of accessory infraorbital foramen. ] Craniofac Surg 24, 2124-2126 (2013).
9. Shin, H.J., Song, W. C,, Lee, S. H., Ha, H. J. & Koh, K. S. Consistency of the lateral canthus as an anatomic landmark and its clinical
implications. Clin Anat 32, 630-634 (2019).
10. Shin, K.J., Shin, H. ], Lee, S. H., Koh, K. S. & Song, W. C. Surgical anatomy of the superficial temporal artery to prevent facial nerve
injury during arterial biopsy. Clin Anat 31, 608-613 (2018).
11. Gil, Y. C. et al. Three-dimensional topography of the supratrochlear nerve with reference to the lacrimal caruncle, and its danger
zone in Asians. Dermatol Surg 43, 1458-1465 (2017).
12. Shin, H. J. et al. Location of the inferior oblique muscle origin with reference to the lacrimal caruncle and its significance in
oculofacial surgery. Br ] Ophthalmol 100, 179-183 (2016).
13. Shin, K. J., Shin, H. J. & Lee, S. H. Location of the infraorbital foramen with reference to soft tissue landmarks for regional nerve
blocks during midface surgery. Clin Anat., https://doi.org/10.1002/ca.23556, [Epub ahead of print] (2020)
14. Polo, C. L., Abdelkarim, A. Z., von Arx, T. & Lozanoff, S. The Morphology of the Infraorbital Nerve and Foramen in the Presence of
an Accessory Infraorbital Foramen. ] Craniofac Surg 30, 244-253 (2019).
15. Cutright, B., Quillopa, N. & Schubert, W. An anthropometric analysis of the key foramina for maxillofacial surgery. ] Oral Maxillofac
Surg 61, 354-357 (2003).
16. Agthong, S., Huanmanop, T. & Chentanez, V. Anatomical variations of the supraorbital, infraorbital, and mental foramina related to
gender and side. ] Oral Maxillofac Surg 63, 800-804 (2005).
17. Ercikti, N., Apaydin, N. & Kirici, Y. Location of the infraorbital foramen with reference to soft tissue landmarks. Surg Radiol Anat
39,11-15 (2017).
18. Canan, S., Asim, O. M., Okan, B., Ozek, C. & Alper, M. Anatomic variations of the infraorbital foramen. Ann Plast Surg 43, 613-617
(1999).
19. Boopathi, S., Chakravarthy, M. S., Dhalapathy, S. & Anupa, S. Anthropometric analysis of the infraorbital foramen in a South Indian
population. Singapore Med ] 51, 730-735 (2010).
20. Michalek, P.,, Donaldson, W., McAleavey, E, Johnston, P. & Kiska, R. Ultrasound imaging of the infraorbital foramen and simulation
of the ultrasound-guided infraorbital nerve block using a skull model. Surg Radiol Anat 35, 319-322 (2013).
21. Hwang, K, Lee, S.J., Kim, S. Y. & Hwang, S. W. Frequency of existence, numbers, and location of the accessory infraorbital foramen.
J Craniofac Surg 26, 274-276 (2015).
22. Suresh, S., Voronov, P. & Curran, J. Infraorbital nerve block in children: a computerized tomographic measurement of the location
of the infraorbital foramen. Reg Anesth Pain Med 31, 211-214 (2006).

e

Acknowledgements
This research was supported by Basic Science Research Program through the National Research Foundation of
Korea(NRF) grant funded by the Korea government(MSIT) (No. 2020R1C1C1010834)

Author contributions

Kang-Jae Shin designed this study, collected the data, and revised this manuscript. Shin-Hyo Lee collected
the data and illustrated figures. Min-Gyu Park collected the data. Hyun Jin Shin designed this study, wrote the
manuscript and revised this manuscript, Andrew G. Lee revised this manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to H.J.S.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

G | jcense, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2020

SCIENTIFIC REPORTS |

(2020) 10:8566 | https://doi.org/10.1038/s41598-020-65330-4


https://doi.org/10.1038/s41598-020-65330-4
https://doi.org/10.1002/ca.23556
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Location of the accessory infraorbital foramen with reference to external landmarks and its clinical implications

	Materials and Methods

	Measured parameters. 
	Statistical analysis. 

	Results

	Discussion

	Acknowledgements

	Figure 1 Cadaveric dissection demonstrating the external landmarks.
	Figure 2 Illustration of the main vertical and horizontal parameters IOM, infraorbital margin.
	Figure 3 Cadaveric dissection showing the anatomic and morphometric variations of the AIOF.
	Figure 4 Schematic drawing of the distribution of the AIOF.
	Figure 5 Guideline for the injection site of anesthetic for achieving successful AION block during surgeries involving the maxillofacial region.
	Figure 6 Sensory innervation of lower eyelid when an AIOF is present.
	Table 1 Measured parameters.




