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Abstract

The topography of the auriculotemporal nerve (ATN) root system is the main criterion of this
nerve classification. Previous publications indicate that ATN may have between one and
five roots. Most common is a one- or two-root variant of the nerve structure. The problem of
many publications is the inconsistency of nomenclature which concerns the terms “roots”,
“connecting branches”, or “branches” that are used to identify the same structures. This
study was performed on 80 specimens (40 adults and 40 fetuses) to propose a classification
based on: (i) the number of roots, (ii) way of root division, and (iii) configuration of interradi-
cular fibers that form the ATN trunk. This new classification is a remedy for inconsistency of
nomenclature of ATN in the infratemporal fossa. This classification system has proven ben-
eficial when organizing all ATN variants described in previous studies and could become a
helpful tool for surgeons and dentists. Examination of ATN from the infratemporal fossa of
fetuses (the youngest was at 18 weeks gestational age) showed that, at that stage, the
nerve is fully developed.

Introduction

The auriculotemporal nerve (ATN) is a sensory branch of the mandibular nerve (MN), which
is the third branch of the trigeminal nerve (TN) [1, 2]. Its branches innervate the temporal re-
gion, temporomandibular joint and the site of the auricle of the ear. In addition to the sensory
fibers, ATN also carries the autonomic fibers. The autonomic fibers originate from the lesser
petrosal nerve and middle meningeal artery plexus. ATN divides into numerous branches that
supply the external ear and, after that, to the parotid gland and minor salivary glands of the
cheek and lips [3]. ATN passes through the infratemporal fossa, retromandibular fossa, and
the temporal region. ATN anatomy is commonly studied in the latter two locations [4-8] in
contrast to a detailed ananlysis of the way of nerve root division and interradicular nerve con-
nections in the infratemporal fossa region. The reason for this trend is the irregular shape of
the cavity and limited access to ATN there. Access to the nerve at this site is difficult due to the
many skeletal obstacles. The nerve is laterally enclosed by the ramus of the mandible,
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superiorly by the greater wing of the sphenoid and anteriorly by the infratemporal surface of
the maxilla. The issue of ATN in the temporal region is well described in the literature [4, 8]
whereas the detailed description of the root system, which is a part of the infratemporal portion
of the nerve, is rarely a subject of research.

To date, ATN structure has only been examined in the context of the topography of the
nerve trunk in respect to the temporomandibular joint [5, 9] or to the topographical relation-
ship of the nerve roots and middle meningeal artery (MMA) [10,11]. Few papers considered
the analysis of the root variations of ATN [10-14]. It is very important to note that all cited
studies of ATN variation concern data from adults only, omitting data from the fetus popula-
tion, and that the publication of Soni [13] is a mere case study. The knowledge of changes that
occur within the infratemporal fossa over the course of ontogeny will enable to understand the
mechanism concerning the development of craniofacial malformations and their conse-
quences. Thus, our current knowledge of variations in the infratemporal fossa section of ATN
in adult and fetus populations suggests the need for more in-depth research.

The aim of this study is to classify the variety of ATN structure in the infratemporal fossa.
The proposed classification will be evaluated in the context of suitability in both adult and
fetus populations.

Materials and Methods

In the study presented here, adult and fetus corpses were used. All anatomical preparations
used in the research came from donations to the Department of Descriptive and Clinical Anat-
omy, Medical University of Warsaw. Parents of children or fetuses whose remains were used in
the study gave informed consent that they be used for scientific purposes.

According to the Polish law, a corpse donated for scientific or didactic activity in lieu of
burial is initially transported to the university where it will be studied. All cadavers used in this
study were presented as donations to the University of Warsaw. Each cadaver donation was
properly documented and the documentation archived at the Department of Descriptive and
Clinical Anatomy, University of Warsaw (Chalubinski 5 str; 02-004 Warsaw, Poland; https://
anatomia.wum.edu.pl/index.php/en/).

No ethics committee/IRB approval was obtained because in Poland the approval of the ethi-
cal commiittee is necessary when investigation on living people is conducted or the identity of
the human material is necessary for scientific or clinical purposes. In our investigation the ma-
terial is anonymised. Furthermore, Polish law requires ethics committee or internal review
board (IRB) approval when scientific investigation of living persons is conducted or when the
identity of a deceased individual being used for scientific purposes is relevant to the study. This
study involved only donated corpses whose identities were irrelevant to the study, therefore no
IRB or ethics committee approvals were needed or obtained. The identities of the cadavers
were never made available to the research team.

In Poland, human bodies used in a scientific study arrive at the study site by means of one
of two legal avenues: the individual declares while alive and of sound mind that he or she
wishes their corpse to be used for scientific advancement upon their death, or, in the absence of
the deceased’s previously expressed intentions, a legal representative of the deceased has the
right to direct the remains for scientific purposes as long as no legal heirs object to the decision
to donate. The corpses used in this study arrived by both methods of donation. With absolute
respect for the donations, all identifying data of the individuals under study and their families
are and will remain concealed.

The research team used autopsy material obtained from the Department of Descriptive and
Clinical Anatomy of the Medical University of Warsaw. A total of 80 cadaveric ATN specimens
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fixed in 4% formaldehyde solution were used in this study. There was no evidence of develop-
mental pathology exhibited by any of the 80 specimens under study. Forty of the specimens
were taken from 22 adult cadavers that are described as:

o 16 males, 6 females
o All between 57 and 85 years of age at time of death
Forty specimens taken from 22 fetus cadavers included:
o 7 males, 15 females
o Every fetus was between at 18 and 37 weeks of gestation at time of death

The analysis was conducted exclusively on the specimens that did not show pathology
in development.

The following instruments were used: surgical instrument set, low-speed handpiece with a
set of discs and cutters, microsurgical Chifa instrument set, stereomicroscope—Nikon SM
1500 with a possibility of examination with reflected and transmitted light (eyepiece: C-W 10X
B/22, objective: WD 136 Nikon Japan HR Plan Apo 0,5X, magnification—from 0.75 to 11.25
[0.75,1,2,3,4,5,6,7,8,9, 10, 11.25]), surgical loupes NY Dornwell 3,0X, metric-inch electron-
ic calipers 150 mm; accuracy 0.02 mm, measurement 0.01 mm, microscopic measurement sys-
tem NIS Elements D 4.0. Classical microanatomical preparation techniques were used to
prepare ATN. The preparation technique was different in adults and fetuses.

(i) Nerve preparation in adults: 1) Firstly, two cutaneous incisions were made—two hori-
zontal incisions and one vertical incision. The first horizontal incision was parallel to the supe-
rior margin of the zygomatic arch, the second one—parallel to the inferior margin of the body
of the mandible. Vertical incision was located anteriorly to the tragus and connected both hori-
zontal incisions (Fig 1).

2) Later, superficial temporal branch of ATN was prepared to the point in which this branch
emerges from behind the posterior margin of the neck of the mandible. The aim of preparing
the superficial temporal branch at its beginning was to prevent its damage during further stages
of preparation. This branch is helpful in later stages to identify the ATN trunk (Fig 2).

3) Further on, a cutaneous flap was elevated and further layers of tissues were prepared until
the ramus of the mandible and zygomatic arch were exposed (Fig 3).

4) Zygomatic arch was cut in two places and incisions were made in the neck of the mandi-
ble and in the inferior part of the ramus of the mandible. Then, the fragments that had been
cut off were removed. Attention should be paid during preparation in order for the cutting tool
not to destroy the ATN trunk located medially to the neck of the mandible, and the lingual
nerve and the inferior alveolar nerve located medially to the ramus of the mandible. In order
not to cut the nerves, a metal spatula was inserted into the pterygomandibular space and it was
guided on the medial surface of the ramus of the mandible. 5) Exposure of the lateral surface of
the lateral pterygoid muscle and the lateral surface of the medial pterygoid muscle, and the
preparation of the lingual nerve and inferior alveolar nerve located on the lateral surface of the
medial pterygoid muscle (Fig 4).

During inferior alveolar nerve preparation one should pay attention to the ATN roots
which emerge low, in order not to injure them 6) Removal of the lateral pterygoid muscle and
exposure of the trunk of the mandibular nerve along with initial fragments of its branches
(Fig 5).

7) Preparation of the roots, the trunk and initial fragments of ATN branches (Fig 6).

ATN preparation should begin from its lowest roots that originate from the inferior alveolar
nerve or mandibular nerve, which enables precise root identification in the points in which
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Fig 1. Cutaneous incisions (adult).

doi:10.1371/journal.pone.0123120.g001

they emerge. Exposure of the distal root fragments, various connections between the roots and
the trunk of the nerve can be accomplished only after initial parts of all nerve roots have been
identified. This enables to prevent injuries to thin inferior nerve roots. 8) ATN collection along
with the mandibular nerve and initial parts of the lingual nerve and inferior alveolar nerve. (ii)
ATN preparation in fetuses: 1) Creation of two horizontal and two vertical incisions. The first
horizontal incision is parallel to the superior margin of the zygomatic arch on the level of the
superior margin of the auricle. The second horizontal incision is parallel to the inferior margin
of the body of the mandible. The first vertical incision lies anteriorly to the tragus, the second
vertical incision is parallel to the first one and is located at the level of the lateral margin of the
eye socket. (Fig 7).

2) Preparing the superficial temporal branch of ATN to the point in which this branch
emerges from the posterior margin of the neck of the mandible. Preparation of the superficial
temporal branch enables identification of the nerve trunk in the next stage (Fig 8A). 3) ATN
trunk preparation (Fig 8B).

By preparing the tissues along the superficial temporal branch in the inferior and anterior
direction we reach the point in which ATN trunk divides into several branches. This point is
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Fig 2. Superficial temporal branch of the auriculotemporal nerve (adult), PG—parotid gland, STA—
superficial temporal artery, STV—superficial temporal vein, STb—superficial temporal branch of the
auriculotemporal nerve, TA—tragus of the auricle.

doi:10.1371/journal.pone.0123120.g002

located medially and slightly posteriorly to the condyle. We gradually move from the point of
division to the main part of the trunk located medially from the neck of the mandible 4) Prepa-
ration of further tissue layers in the parotideomasseteric region until the exposure of the ramus
of the mandible and temporomandibular joint. 5) Preparation of incisions in the zygomatic
arch. Later on, incisions to the condyle and inferior part of the ramus of the mandible are
made. Fragments that were cut off are removed (Fig 9).

6) Preparation of the inferior alveolar nerve and lingual nerve located on the lateral surface
of the medial pterygoid muscle (Fig 10A).

7) ATN root preparation (Fig 10B). ATN root preparation in fetuses was accomplished
from the side in which the roots connect into the trunk. The length of ATN structures, also its
roots, is small, and connective tissue surrounding the nerve is softer and more prone to prepa-
ration in comparison to adult cadavers. This enables easier preparation of nerve roots from the
site in which they connect into one common trunk, to the portion located on the posterior

Fig 3. Exposure of the ramus of the mandible and zygomatic arch (adult), STA—superficial temporal
artery, TA—tragus of the auricle, TM—temporalis muscle, STb—superficial temporal branch of the
auriculotemporal nerve, CP—condylar process of the mandible, RM—ramus of the mandible, ZA—
zygomatic arch. Lines of incisions to osseous structures are marked red.

doi:10.1371/journal.pone.0123120.g003
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Fig 4. Nerves of pterygomandibular space (adult). STA—superficial temporal artery, TA—tragus of the
auricle, STb—superficial temporal branch of the auriculotemporal nerve, LPM—Iateral pterygoid muscle,
TMJ—temporomandibular joint, CP—condylar process of the mandible, MA—maxillary artery, MPM—medial
pterygoid muscle, IAN—inferior alveolar nerve, IAA—inferior alveolar artery, LN—lingual nerve, ECA—
external carotid artery, RM—ramus of the mandible.

doi:10.1371/journal.pone.0123120.g004

margin of the mandibular nerve or inferior alveolar nerve. 8) Collecting ATN together with
mandibular nerve, inferior alveolar nerve and lingual nerve.

Photographic documentation was performed during each stage of preparation.

Collected nerves: auriculotemporal, mandibular, lingual, inferior alveolar were described in
detail and measured according to the presented scheme (Fig 11).

A three-point analysis of the ATN specimens was based on the following criteria:

i. the number of roots
ii. the way of root division

ili. configuration of the interradicular fibers that form the ATN trunk

Fig 5. Exposure of the mandibular nerve trunk (adult). 1, 2, 3 and 4—each root of the auriculotemporal
nerve, FO—foramen ovale, MN—mandibular nerve, LN—lingual nerve, IAN—inferior alveolar nerve, ChT—
chorda tympani, MMA—middle meningeal artery.

doi:10.1371/journal.pone.0123120.g005
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Fig 6. Auriculotemporal nerve (adult). 1, 2, 3 and 4—each root of the auriculotemporal nerve, FO—
foramen ovale, MN—mandibular nerve, IAN—inferior alveolar nerve, MMA—middle meningeal artery, LN—
lingual nerve, ChT—chorda tympani, tATN—trunk of the auriculotemporal nerve, SML—sphenomandibular
ligament, bATN—branches of the auriculotemporal nerve.

doi:10.1371/journal.pone.0123120.g006

A chi-square test for difference in proportions was used in our analysis. Statistical analysis
was based on the software R Project for Statistical Computing. All parameters were compared
via the chi-square test, with P-values under 0.05 considered statistically significant.

Results

Each ATN revealed one to five roots (Fig 12). A three-root variant was found to be the most
common, evident in 32% of all specimens, adult and fetus alike. The next most common vari-
ant was the two-root variant, evident in 27% of adult specimens and 32% of the fetal specimens.
Specimens exhibiting four and five roots proved to be the most rare. No significant differences
were noted when comparing nerve specimens from the left side versus those from the right
side of the cadavers (Table 1).

During study of the way of root division, the second parameter under investigation, it was
observed that approximately 50% of both adult and fetus specimens exhibited ATN roots that
originated exclusively from mandibular nerve (MN) (19:40 and 22:40, respectively). In the re-
maining cases, ATN roots originated from MN and the inferior alveolar nerve (IAN).

Furthermore, two variants of IAN were observed: bifurcated and non-bifurcated. In the bi-
furcated variant, the trunk of the nerve is divided into two rami: anterior and posterior. This
finding led to categorization of the IAN-originating ATN roots into two sub-groups: root vari-
ants that originated from bifurcated IANs and root variants that originated from non-bifurcat-
ed IANs (Fig 13A—adult: root 2 and 3; fetus: root 4). It was noted that ATN roots involving
bifurcated IANs arose at both the anterior (Fig 13B—adult: root 3) and posterior (Fig 13B—
adult: root 2; fetus: root 3, 4, and 5) rami of the trunk (Table 2).

Further observation revealed that inferior origin of ATN roots was frequently associated
with a multi-root structure of the nerve, most notably in three-, four-, and five-root variants.
This discovery led to the development of start-point sub-categories:
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Fig 7. Cutaneous incisions (fetus).

doi:10.1371/journal.pone.0123120.g007

« Low-rooted, consisting of one or two roots
« High-rooted, consisting of three, four, or five roots

A significant difference was noted between the high-lying root and low-lying root groups
according to the origin of inferior ATN roots (x2 = 16.210, P <0.0001), irrespective of the
adult or fetus source of the dissected specimen. In the fetus population, a significant difference
was also observed (32 = 12.222, P = 0.0005), while the difference in the adult population was
not significant (y2 = 2.386, P = 0.1224) (Fig 14).

The trunk of ATN was found to display many different configurations, leading to the third
aspect of the study: configuration of interradicular fibers and the final number of roots that
form the ATN trunk. Regardless of the number of roots joining together to form ATN, their
interradicular fibers most often led to two primary root formations. Finally, those two primary,
or main, roots united to create the trunk of ATN in 63 of the 80 (78.8%) cases under study. It
was observed that the trunk is most rarely formed from 3 roots (in 1.3% of cases). In the re-
maining 16 cases (20%), the trunk was formed from one root (Table 3).

Configurations of roots in high-rooted variants were systematized:
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Fig 8. Auriculotemporal nerve preparation (fetus). STb—superficial temporal branch of the
auriculotemporal nerve, PG—parotid gland, TA—tragus of the auricle, bATN—branches of the
auriculotemporal nerve, tATN—trunk of the auriculotemporal nerve, SML—sphenomandibular ligament.

doi:10.1371/journal.pone.0123120.g008

o Three-rooted variants exhibited six configurations
« Four-rooted variants exhibited three configurations
o Five-rooted variants exhibited five configurations

In each configuration, the primary roots connect with each other to form secondary and ter-
tiary roots. In the adult specimen in Fig 15, for example:

« Root 1 does not form interradicular connections

« Roots 2 and 4 form a secondary root (2+4)

« Roots 3 and 5 form the other secondary root (3+5)

o Both secondary roots (2+4) and (3+5) connect to form a tertiary root [(2+4)+(3+5)]

The tertiary root [(2+4)+(3+5)] then connects to root 1 to form the ATN trunk
In the Fig 15 fetus example:

« Roots 1 and 2 form a secondary root (1+2)

« Roots 3 and 4 also form a secondary root (3+4)

« Both secondary roots connect to form a tertiary root [(1+2)+(3+4)]

o This tertiary root [(1+2)+(3+4)] connects to root 5 to form the nerve’s trunk

In both three-root variants, it was observed that the primary roots (2 and 3) divide into sec-
ondary roots (a and b).
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Fig 9. Exposure of the ramus of the mandible and zygomatic arch (fetus). TM—temporalis muscle, STb
—superficial temporal branch of the auriculotemporal nerve, TMJ—temporomandibular joint, ZA—zygomatic
arch, TA—tragus of the auricle, CP—condylar process of the mandible, MM—masseter muscle, BFP—
buccal fat pad, RM—ramus of the mandible. Lines of incisions to osseous structures are marked red.

doi:10.1371/journal.pone.0123120.g009

Discussion

The diversity of the ATN structure has been previously known and widely described in litera-
ture. In 1956, Krizan was the first to classify ATN by its location in relation to MMA. Four
types of nerves were distinguished in this work. According to Krizan’s classification:

o Type I and IV, consisting of two-root variants with a blood vessel in between (vessels in type
I were MMA and maxillary artery [MA] while in type IV, it was only MA)

o Types II and III, consisting of one-root nerve located medially to MA (type II) or laterally to
MMA (type III).

Two decades later, in 1971, Baumel distinguished 12 variants of ATN [11]. Classification
criteria were as follows: the number of roots, root length, and its relation to MMA. Finally, in
2005, Giilekon proposed the number of roots to be the main criterion of classification, which
has become helpful [12]. It is important to bear in mind, that this work focuses on the nerve it-
self and omits the issue of the root division and configurations of interradicular connections.
The study by Dias is also noteworthy [10]. The author proposed a 10-variant classification sys-
tem that comprises both the way of ATN root division and the relationship between nerve
roots and MMA; not taking into account the complicated configuration of
interradicular connections.

That is why based on the findings of this study, it is recommended that the classification of
ATN should be based on three criteria:
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Fig 10. Opening of the infratemporal fossa (fetus). 1 and 2—each root of the auriculotemporal nerve, LPM
—lateral pterygoid muscle, LN—Iingual nerve, tATN—trunk of the auriculotemporal nerve, IAN—inferior
alveolar nerve, MA—maxillary artery, SML—sphenomandibular ligament, bATN—branches of the
auriculotemporal nerve, RM—ramus of the mandible, STA—superficial temporal artery (cut-off), ECA—
external carotid artery, MN—mandibular nerve, FO—foramen ovale, MMA—middle meningeal artery.

doi:10.1371/journal.pone.0123120.g010

ATNt ATNb

1+[2+(3+4)]

LN IAN

Fig 11. Scheme of nerve structure examination. 1, 2, 3 and 4-each root of the ATN, MN—mandibular
nerve, LN—Ilingual nerve, IAN—inferior alveolar nerve, ATNt—trunk of the auriculotemporal nerve, ATNb—
branches of the auriculotemporal nerve, 1, 2, 3 and 4-each root of ATN, (3+4)—secondary roots of ATN, 2+(3
+4) tertiary root of ATN, 1+[2+(3+4)]—roots forming the nerve trunk.

doi:10.1371/journal.pone.0123120.g011
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Adult

Fetus

Fig 12. Variants of the auriculotemporal nerve by the number of roots. A—one-root variant, B—two-root
variant, C—three-root variant, D—four-root variant, E—five-root variant.

doi:10.1371/journal.pone.0123120.g012

i. the number of roots,
ii. the way of root division, and
iii. configuration of the interradicular connections.

(i.) The Number of Roots—Historically, the literature on the infratemporal section of ATN
identifies equivalently used terms, such as, root [5, 11-13, 15] and branch [9, 16, 17] to name
the ramus of the nerve. The reason of this equivalency is that ATN roots could start on MN as
well as on IAN. Scientists often classify the low-start roots of ATN as branches connecting the
nerve with IAN. The first argument for calling the inferior ramus of ATN a “root” is the fact
that in some one-root variants (33.3% of adults and 14.3% of fetuses) only a part of the root of
the nerve originates from MN and IAN (Fig 14). If one accepted the assumption that fibers,
arising from IAN and passing to ATN, could be considered as “connecting” the nerve compo-
nents, the superior part of the root would represent ATN and the inferior would resemble a
branch of IAN. Previous analyses of the anatomy of IAN introduce the term “connecting
branches” to name the structure of inferior roots of ATN, which connect IAN with ATN [16,
17]. However, if such a nomenclature was accepted in the multi-root variants, one would need
to consequently use it for one-root variants, a practice considered quite controversial.

The second reason for using the term “root” is the fact that generally in multi-root variants,
most of the roots arise from IAN (Fig 12D, adult).

In such instances MN is commonly divided into IAN and the lingual nerve, while low-lying
roots are an integral part of the ATN root system. From the point of view of IAN anatomy, it

Table 1. Total number of each variant of the auriculotemporal nerve in the population studied.

No. of Adult Fetus Total
roots
R p Total L R P Total L R p Total

1 4/9 5/9 1 9/40 3/7 4/7 1 7/40 7116 9/16 0.8026 16/80
(44%) (56%) (22.5%) (43%) (57%) (17.5%) (44%) (56%) (20%)

2 711 4/11 0.3636 11/40 8/13 5/13 0.5791 13/40 15/24 9/24 0.3074 24/80
(63%) (36%) (27.5%) (61%) (38%) (32.5%) (62%) (38%) (30%)

B 6/13 7113 1 13/40 4/13 9/13 0.2673 13/40 10/26 16/26 0.3268 26/80
(46%) (54%) (32.5%) (31%) (69%) (32.5%) (38%) (61%) (82.5%)

4 11 - 1 1/20 (5%) 3/4 1/4 0.6171 4/40 (10%) 4/5(80%) 1/5(20%) 0.3711 5/80 (6%)
(100%) (75%) (25%)

5 2/6 4/6 0.6831 6/40 (15%) 1/3 2/3 1 3/40 (7.5%) 3/9 (34%) 6/9 (67%) 0.505 9/80 (11%)
(33%) (67%) (33%) (67%)

doi:10.1371/journal.pone.0123120.t1001
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Adult

Fetus

Fig 13. The way of root division in adults and fetuses. Adult A and B—three-root variant (R); Fetus A—
four-root variant (R), Fetus B—five-root variant (L). 1, 2, 3, 4 and 5—each root of the auriculotemporal nerve,
IAN—inferior alveolar nerve; * posterior ramus of the trunk of the inferior alveolar nerve, ** anterior ramus of
the trunk of the inferior alveolar nerve.

doi:10.1371/journal.pone.0123120.9013

Table 2. Variants of auriculotemporal nerve roots by the way of root division (the start-point of the root). MN—mandibular nerve, ATN—
auriculotemporal nerve.

No. Adult Fetus
ATN
roots MN Inferior alveolar nerve MN Inferior alveolar nerve
non- bifurcated# Total No of non- bifurcated# Total No of
bifurcated# variants arising bifurcated# variants arising
posterior anterior from IAN posterior anterior from IAN
rami rami rami rami
1 6/19 3/17 (18%) 0/4 (-) 01 (-) 3/21 (14.3%) 6/22 117 (5.9%)  0/0 (-) 0/0 (-) 1/18 (5.5%)
(31%) (27.3%)
2 7/19 4/17 (23.5%) 0/4 (-) 0/1(-) 4/21 (19.0%) 11/22 2/17 (11.8%) 0/0 (-) 0/0 (-) 2/18 (11.1%)
(37%) (50%)
3 4/19 6/17 (35.3%) 3/4 (75%) 0/1 (-) 9/21 (42.8%) 3/22 10/17 0/0 (-) 0/0 (-) 10/18 (55.5%)
(21%) (14%) (58.8%)
4 119 0/17 () 0/4 (-) 01 (-) 0/21 (-) 1/22 3/17 (17.6%) 0/0 (-) 0/0 (-) 3/18 (16.7%)
(5.2%) (4.5%)
5 119 4/17 (23.5%) 1*/4 (25%) 1*/1 5/21 (23.8%) 1/22 1/17 (5.9%) 1/1 (100%) 0/0 (-) 2/18 (11.1%)
(5.2%) (100%) (4.5%)

* root variants that belong to the same nerve.
# start point on the trunk of the nerve

doi:10.1371/journal.pone.0123120.t002
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Fig 14. Percentage of inferior roots (connecting to IAN) in each variant of the auriculotemporal nerve.

doi:10.1371/journal.pone.0123120.g014

could be partially accepted that the low-lying ATN roots play a role of connecting IAN with
ATN. However, considering the anatomy of ATN, these are still its roots. An analogy is known
in anatomy of the brachial plexus, where its roots are branches of the C5-Th1 abdominal gan-

glia [18].

Taking those arguments into account, it is suggested to distinguish 5 variants of ATN struc-
ture based on the presented research: (i) one-, (ii) two-, (iii) three-, (iv) four-, and (v) five-

root variants.

Table 3. Configuration of interradicular fibers and trunk formation.

Number of primary roots  Configuration of interradicular fibers

Number of roots reaching the trunk

Number of variants

Adult

Fetus

Total

Total

1
2 1*42%
1*42%43%
1* +(2+3)
3* +(1+2)
3b* +(1+2+3a)
(1+2a)+(2b+3)
2* +(1+3)
(14+2)+(3+4)
4 4* + (1+2+3)
1* +[2+(3+4)]
1* +[(2+3)+(4+5)]
1* +[2+(3+4+5)]
5 (1+2+3)+(4+5)
5% +[(1+2)+(3+4)]
1%+ [(2+4)+(3+5)]
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*roots independently reaching the trunk.

doi:10.1371/journal.pone.0123120.t003
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Adult Fetus

Fig 15. Configuration of interradicular fibers in the auriculotemporal nerve (ATN). Adult, five-root
variant (L). Fetus, five-root variant (R). 1, 2, 3, 4 and 5—each root of ATN, (n+n)—secondary roots of ATN, [(n
+n)+(n+n)]—tertiary root of ATN; ATNt—trunk of ATN, ATNb—branch of ATN, MN—mandibular nerve, LN—
lingual nerve, IAN—inferior alveolar nerve.

doi:10.1371/journal.pone.0123120.g015

Commonly, authors describe one-root [12] or two-root variants [5, 9, 10, 11, 13] while
multi-root variants are rarely noted. The four-root variant, documented exclusively by Baumel
[11], Giillekon [12] and Dias [10] was distinguished as a single case. The five-root variant had
not been described previously although it was found to exist in 11% of the specimens examined
in this study. Importantly, this variant was observed in both adults and fetuses beyond 18
weeks of gestation (Table 1), indicating that the formation of the nerve rami occurs in the early
phase of ontogenesis.

(ii.) The Way of Root Division—In the current study, two forms of root division were distin-
guished: (I) roots that arise from MN and (II) roots that arise from IAN. As a bifurcated type
of AN occurs, roots originating from IAN (II) can be distinguished by two sub-types: II-1, in
which the roots arise from non-bifurcated IAN and II-2, in which the roots arise from bifurcat-
ed IAN. In the second type, two further sub-types can be distinguished: II-2-a, in which the
roots arise from the posterior ramus of the trunk of IAN; and II-2-b, in which the roots origi-
nate in the anterior ramus of the IAN trunk.

(iii.) Configuration of the Interradicular Fibers Forming the Main Nerve Trunk—A visible
tendency to form a net of interradicular fibers in multi-root variants was observed. Rare sec-
ondary roots are the effects of these connections. Secondary roots connect to form the main
trunk. Such a tendency was noted in adult as well as fetus specimens. This finding prompts the
recommendation to distinguish 3 conformations: (1) the trunk is formed from one root; (2) the
trunk is formed from two roots, and (3) the trunk is formed from three roots.

The recommendation regarding the structure of the infratemporal section of the ATN is
both practical and theoretical. Firstly, it is particularly important to predict the variability of
ATN anatomy in the field of surgery involving the infratemporal fossa and dental anesthesia.
Specifiaclly, correct recognition of these structures could prove highly advantageous in the sur-
gical field [19-25] as well as demystifying possible side effects that occur during administration
of local anesthesia to IAN [26-27]. Secondly, awareness of ATN anatomy seems to be particu-
larly useful in understanding and explaining the mechanism of neuralgia [28-30] and migraine
headaches [8]. The standardization of nomenclature recommended as a result of this study will
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advance understanding of the anatomy of ATN; it will also bring a new dynamic to the variabil-

ity of structures in such a fascinating location as the infratemporal fossa.

Conclusions

In conclusion to this investigation, the findings are summarized as:

L.

There were no significant differences between the specimens derived from the adults
and fetuses.

There were no significant differences between specimens derived from the representatives
of different age and sex.

Five variants of the nerve could be classified according to the number of ATN roots: one-,
two-, three-, four- and five-root variants.

The roots of ATN could start from MN or from IAN. In the occurrence of a bifurcated type
of IAN, ATN roots could start from the anterior or posterior ramus of the IAN trunk.

Irrespective of the number of primary roots, the trunk is finally formed from one, two or
three roots.

Author Contributions

Conceived and designed the experiments: IK. Performed the experiments: IK. Analyzed the
data: MZ. Contributed reagents/materials/analysis tools: BC. Wrote the paper: IK JT.

References

1.
2.

10.

11.

Agur A, Lee M. Grant's atlas of anatomy. Maryland: Williams and Wilkins; 1991.
Gray H. Gray's anatomy. New York, Barnes Noble; 1995.

Riessner D. Surgical procedure in tumors of parotid gland. AMA Arch Surg. 1952; 65: 831-848. PMID:
12996212

Andersen N, Bovim G, Sjaastad O. The frontotemporal peripherial nerves. Topografic variations of the
supraorbital, supratrochlear and auriculotemporal nerves and their possible clinical significance. Surg
Radiol Anat. 2000; 23: 97—-104.

Fernandes P, Henrique M, Vasconsellos H, Okeson J, Bastos R, Maia M. The anatomical relationship
between the position of the auriculotemporal nerve and mandibular condyle. J Craniomandibular Pract.
2003;21: 165-171.

Kwak H, Park H, Youn K, Hu K, Koh K, Han S, Kim H. Branching patterns of the facial nerve and its
communication with the auriculotemporal nerve. Surg Radiol Anat. 2004; 26: 494—500. PMID:
15368081

Janis J, Hatef D, Ducic I, Ahmad J, Wong C, Osborn T. Anatomy of the auriculotemporal nerve: varia-
tion in its relationship to the superficial temporal artery and implications for the treatment of migraine
headaches. Plast Reconstr Surg. 2010; 125: 1422—1428. doi: 10.1097/PRS.0b013e3181d4fb05 PMID:
20440161

Chim H, Okada H, Brown M, Alleyne B, Liu M, Zwiebel S, Guyuron B. The auriculotemporal nerve in eti-
ology of migraine headaches: compression points and anatomical variations. Plast Reconstr Surg.
2012; 130: 336—341. doi: 10.1097/PRS.0b013e3182589dd5 PMID: 22842409

Schmidt B, Pogrel M, Necoechea M, Kearns G. The distribution of the auriculotemporal nerve around
the temporomandibular joint. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 1998; 86: 165—168.
PMID: 9720090

Dias GJ, Koh JMC, Cornwall J. The origin of the auriculotemporal nerve and its relationship to the mid-
dle meningeal artery. Anat Sci Int. 2014; doi: 10.1007/s12565-014-0247-9

Baumel J, Vanderheiden J, Mc Elenney J. The auriculotemporal nerve of man. Am J Anat. 1971; 130:
431-440. PMID: 5581228

PLOS ONE | DOI:10.1371/journal.pone.0123120  April 9, 2015 16/17


http://www.ncbi.nlm.nih.gov/pubmed/12996212
http://www.ncbi.nlm.nih.gov/pubmed/15368081
http://dx.doi.org/10.1097/PRS.0b013e3181d4fb05
http://www.ncbi.nlm.nih.gov/pubmed/20440161
http://dx.doi.org/10.1097/PRS.0b013e3182589dd5
http://www.ncbi.nlm.nih.gov/pubmed/22842409
http://www.ncbi.nlm.nih.gov/pubmed/9720090
http://dx.doi.org/10.1007/s12565-014-0247-9
http://www.ncbi.nlm.nih.gov/pubmed/5581228

@’PLOS | ONE

Root System's Anatomy of ATN

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

Glekon N, Anil A, Poyraz A, Peker T, Basri TH, Karakdse M. Variations in the anatomy of the auriculo-
temporal nerve. Clin Anat. 2005; 18: 15-22. PMID: 15597375

Soni S, Rath G, Suri R, Vollala V. Unusual organization of auriculotemporal nerve and its clinical impli-
cations. J Oral Maxillofac Surg. 2009; 67: 448—450. doi: 10.1016/j.joms.2008.09.012 PMID: 19138627

Komarnitki I, Andrzejczak-Sobocinska A, Tomczyk J, Deszczynska K, Ciszek B. Clinical anatomy of
the auriculotemporal nerve in the area of the infratemporal fossa. Folia Morphol. 2012; 71: 187-193.
PMID: 22936556

Krizan Z. Beitrag zur Kenntnis des dritten Trigeminusastes. Pract Otorhinolaryngol. 1956; 18: 144—154.
PMID: 13335626

Anil A, Peker T, Turgut H, Liman F. Variations in the anatomy of the inferior alveolar nerve. Br J Oral
Maxillofac Surg. 2003; 41: 236—239. PMID: 12946665

Thotakura B, Rajendran S, Gnanasundram V, Subramaniam A. Variations in the posterior division
branches of the mandibular nerve in human cadavers. Singapore Med J. 2003; 54: 149—151.

Riva N, Domi T, Lopez ID, Triolo D, Fossaghi A, Dina G, Podini P, Comi G, Quattrini A. The brachial
plexus branches to the pectoral muscles in adult rats: morphological aspects and morphometric norma-
tive data. Front Neuroanat. 2012; 6: 1-5 doi: 10.3389/fnana.2012.00001 PMID: 22291620

Robert R, Legent F, Rogez J, Menier Y, Heloury Y, Patra P, Leborgne J. The infratemporal fossa: a trial
clarification. Surg Radiol Anat. 1989; 11: 307-311. PMID: 2617413

Shaninian H, Dornier C, Fish U. Parapharyngeal space tumors: the infratemporal fossa approach. Skull
Base. 1995; 5: 73-81. PMID: 17171180

Sabit |, Schaefer S, Couldwell W. Modified infratemporal fossa approach via lateral transantral maxillot-
omy: a microsurgical model. Surg Neurol. 2002; 58: 21-31. PMID: 12361643

Schmalfuss |, Tart R, Mukheriji S, Mancuso A. Perineural tumor spread along the auriculotemporal
nerve. Am J Neuroradiol. 2002; 23: 303-311. PMID: 11847060

Prades J, Timoshenko A, Merzougui N, Martin C. A cadaveric study of a combined trans-mandibular
and trans-zygomatic approach to the infratemporal fossa. Surg Radiol Anat. 2003; 25: 180—-187. PMID:
12904903

Wei Y, Xiao J, Zou L. Masticator space: CT and MRI of secondary tumor spread. Am J Roentgenol.
2007; 189: 488—-497. PMID: 17646477

McCoul ED, Schwartz TH, Anand VK. Endoscopic approach to the infratemporal fossa. Operative
Techniques in Otolaryngology-Head and Neck Surgery. 2011; 22: 285-290.

KimH, Lee Y, Kho H, Yum K, Chung S. Facial and glossal distribution of anaesthesia after inferior alve-
olar nerve block. J Oral Rehabil. 2003; 30: 189—193. PMID: 12535147

Ngeow W, Chai W. Numbness of the ear following inferior alveolar nerve block: the forgoten complica-
tion. Brit Dent. 2009; 207: 19-21. doi: 10.1038/sj.bd}.2009.559 PMID: 19590550

Speciali G, Gongalves D. Auriculotemporal neuralgia. Curr Pain Headache Rep. 2005; 9: 277-280.
PMID: 16004845

Murayama RA, Stuginski-Barbosa J, Moraes NP, Speciali JG. Toothache referred from auriculotem-
poral neuralgia: case report. Int Endod J. 2009; 42: 845-851. doi: 10.1111/j.1365-2591.2009.01599.x
PMID: 19712196

Stuginski-Barbosa J, Murayama RA, Conti PC, Speciali JG. Refractory facial pain attributed to auriculo-
temporal neuralgia. J Headache Pain. 2012; 13: 415—417. doi: 10.1007/s10194-012-0439-4 PMID:
22460942

PLOS ONE | DOI:10.1371/journal.pone.0123120  April 9, 2015 17/17


http://www.ncbi.nlm.nih.gov/pubmed/15597375
http://dx.doi.org/10.1016/j.joms.2008.09.012
http://www.ncbi.nlm.nih.gov/pubmed/19138627
http://www.ncbi.nlm.nih.gov/pubmed/22936556
http://www.ncbi.nlm.nih.gov/pubmed/13335626
http://www.ncbi.nlm.nih.gov/pubmed/12946665
http://dx.doi.org/10.3389/fnana.2012.00001
http://www.ncbi.nlm.nih.gov/pubmed/22291620
http://www.ncbi.nlm.nih.gov/pubmed/2617413
http://www.ncbi.nlm.nih.gov/pubmed/17171180
http://www.ncbi.nlm.nih.gov/pubmed/12361643
http://www.ncbi.nlm.nih.gov/pubmed/11847060
http://www.ncbi.nlm.nih.gov/pubmed/12904903
http://www.ncbi.nlm.nih.gov/pubmed/17646477
http://www.ncbi.nlm.nih.gov/pubmed/12535147
http://dx.doi.org/10.1038/sj.bdj.2009.559
http://www.ncbi.nlm.nih.gov/pubmed/19590550
http://www.ncbi.nlm.nih.gov/pubmed/16004845
http://dx.doi.org/10.1111/j.1365-2591.2009.01599.x
http://www.ncbi.nlm.nih.gov/pubmed/19712196
http://dx.doi.org/10.1007/s10194-012-0439-4
http://www.ncbi.nlm.nih.gov/pubmed/22460942


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


