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Abstract

Obijective: Paracondylar (PCP) and epitransverse processes (ETP) represent rare
typesof articulationsthat can occur between the occipital bone and the transverse
process of atlasvertebra.

Material and methods: Five systematic search strings were conducted on
PubMed database on 14.01.2022. The search was conducted by one observer to
identify studies on PCP, and on ETP in living patients. Open and close access
articles were selected as this topic is infrequently described in the main medical
literature.

Results: We provided with a pictorial review of 1) Paracondylartubercle,
2) Unilateral PCP with cylindrical shape, 3) Unilateral PCP with pyramidalshape,
4) Unilateral PCP with lateral joint with transverse process, 5) Unilateral PCP with
superior joint and partial fusion with transverse process, 6) Unilateral ETP with neo-
condyle and joint with occipital condyle, 7) Unilateral ETP with joint with occipital
bone, 8) Unilateral ETP with a bony bridge with lateral mass (ponticulus lateralis),
and 9) Bilateral variation: paracondylarmassand ETP.

Conclusions: Six figures were found in the selected literature and belong only to

articles published in closed access. We provided with additional 41 open access
freely available figures. We were first to present CBCT reference figures of:
1) Unilateral paracondylar tubercle, 2) Fusion of PCP with the transverse process of
C1, 3) Joint between ETP and the lateral side of occipital condyle, and 4) Presence
of bony bridge (ponticulus lateralis) between ETP and the lateral mass of C1. We
were also first to describe a bilateral mixt variation with paracondylar mass on one
side and ETP on the other side of C1. An open and accessible knowledge support
(such as Nemesis journal) is needed to easily find clinical reference CBCT figures of
craniocervicofacialbone variations.

Keywords: paracondylar process, epitransverse process, CBCT, variation, chronic
headache.
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Introduction

Paracondylar (PCP) and epitransverse (ETP) processes were first described by
Meckel in 1815 and by Cruveillhier in 1851 asadditionalarticulation of the occipital
bone with the transverse process of the atlas [1]. First anatomical description of
PCP/ETP was provided by McRae in 1960 [2, 3]. Especially PCP received diverse
anatomical names such as paramastoid process [1], paracondylar process [1, 3-5],
paraoccipital process [1], parajugularprocess[1], estiloid process [1], or inferior
extension of the jugular process of the occipital bone [1].

Fourth occipital sclerotome, or proatlas, contributesto the development of the
foramen magnum, of occipital condyles, of atlantal masses, and of the superior
portion of the posterior arch of C1 [4]. For McCall et al., PCP results from a
disruption of the normaldevelopment of the proatlas [4].

The shape of PCP is traditionally described as cone-shaped bony exostosis, arising
medial to the mastoid process and posterolateral to the occipital condyles, located at
the side of the insertion of the musculus rectus capitis lateralis [1, 5]. For De
Graauw et al., and Shahet al., PCP is an embryologic derivative of the crania partof
the first cervical or of the last occipital sclerotome [1, 6].

The prevalenceis 0.077% to 2% in medical reports [3, 4-6], and over 40%n
anthropologicalstudies [5]. Larger processes are considered rarer than the minor
tubercles, and tend to be unilateral [5, 6]. Small tubercules are often bilateral are
revealed with CT scanor MRI [5].

Symptoms arising from PCP/ETP complex could be due to mechanical compression
of the nerve structures (C1 root), compression of the vascular structures, instability,
andrigidity, orall of them mainly due to a biomechanicalalteration of the
osteochondraljunction [3].

Larger processes articulating with or fused with the atlas may produce symptoms
such as: uni- [6] or bilateral headache localized in the upper zone of the neck with
radiation to the parietaland frontalarea [3], occipitocervical pain [4], postural
alterations,and limited or blocked neck movements (torticollis) [3, 5]. Headache
related with the presence of symptomatic PCP/ETP was described as worsening in
the evening [3, 5]. Patients with PCP/ETP variation who suffered from head trauma
may present with exaggerating pain (chronic headache attributed to other head
and/orneck trauma)and with restricted range of head motion [5]. In case of chronic
headache without relieve by conservative therapy, neurosurgical removing the PCP
gives improvement of the headache [4,5].

Proposed treatments in the literature were conservative [6, 7], steroid injections [4],
and even neurosurgery [4, 6].

In this article we provide with an updated classification of PCP/ETP types based
on 1) systematic search of the literature, and 2) on a series of 9 asymptomatic
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patients who undergo cone beam computed tomography (CBCT) for other reason.
This rare anatomicalvariation wasan incidental finding in all cases.

Materials and methods

Five systematic search strings were conducted on PubMed database on
14.01.2022. The search was conducted by one observer to identify studies on PCP,
and on ETP in living patients. Open access and close access articles were selected as
this topic is infrequently described in the main medical literature. There was no time
frame for the search. The selected languages were English, French and Italian. The
inclusion criteria were: articles with abstracts, clinical human studies, case reports,
case series illustrated with CT scan and/or cone beam CT imaging. The exclusion
criteria were articles without abstracts, animal studies, in vitro studies, cadaveric
studies, studies using dry skulls and/or dry vertebra, forensic studies, other imaging
than CT scanand/orcone beam CT. The finalselection was performed afterreading
the full article. In the selected studies we searched for CT scanand/orCBCT
iconography for diagnostic of PCP and ETP.

The first search equation was on “paracondylar process”, and was set as following:
"paracondylar[All Fields] AND ("process"[All Fields] OR "processe"[All Fields]
OR "processed"[All Fields] OR "processes"[All Fields] OR "processing"[All Fields]
OR "processings"[All Fields]). The searchwas performedon 14.01.2022 by one
observer.

We found 30 articles with 5 articles selected [3-7] and 25 articles excluded.

The second search equation wason “paramastoid process”,and was set as

following: "paramastoid“[All Fields] AND (“process"[All Fields] OR "processe"[All
Fields] OR "processed"[All Fields] OR "processes"[All Fields] OR "processing"[All
Fields] OR "processings"[All Fields]). The search was performed on 14.01.2022 by
one observer.

We found 10 articles, and 10 articles were excluded.

The third search equation wason “third occipital condyle”, and was set as following:
("third"TAIl Fields] OR "thirds"[All Fields]) AND (“occipital'[All Fields] OR
"occipitally"[All  Fields] OR “occipitals"[All Fields]) AND ("bone and
bones"[MeSH Terms] OR ("bone"[All Fields] AND "bones"[All Fields]) OR "bone
and bones"[All Fields] OR "condyle"[All Fields] OR "condyles"[All Fields] OR
"condyI"[All Fields] OR "condyle s"[All Fields]). The search was performed on
14.01.2022 by one observer.

We found 243 articles, and 243 articles were excluded.

The fourth search equation was on “accessory occipital condyle”, and wasset as
following: (“accessories"[All Fields] OR "accessory"[All Fields]) AND
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("occipital"[All Fields] OR “occipitally"[All Fields] OR "occipitals"[All Fields])
AND ("bone and bones"[MeSH Terms] OR ("bone"[All Fields] AND "bones"[All
Fields]) OR "boneand bones"[All Fields] OR "condyle"[All Fields] OR
"condyles"[All Fields] OR "condyl"[All Fields] OR "condyle s"[All Fields]).

The search was performed on 14.01.2022 by one observer. We found 78 articles,
and 78 articles were excluded.

Th fifth search equation wason “epitransverse process”, and was set as following:
"epitransverse"[All Fields] AND ("process"[All Fields] OR "processe"[All Fields]
OR "processed"[All Fields] OR "processes"[All Fields] OR "processing"[All Fields]
OR "processings"[All Fields]). The search was performed on 14.01.2022 by one
observer. We found 9 articles found,and 9 articles were excluded.

Only the first search string provided 5 articles for the review [3-7]. The four other
search strings gave no additional selected articles as found articles fit with exclusion
criteria, or were duplicate articles in relation with the first search equation.

As this variation is rare we searched also for information on the free website of the
international foundation Radiopaedia.org
(https://radiopaedia.org/articles/paracondylar-process?lang=us),
(https://radiopaedia.org/articles/epitransverse-process-of-the-atlas) and we found
one CT scan illustrated case for PCP and one for ETP.
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Results

In CBCT records from our Department of oraland maxillofacialsurgery we found
9 patientspresenting with PCP and ETP.

Paracondylar tubercle

Fig. 1. Patient n°1. Planmeca Promax 3D Mid. Three-dimensional (3D)
reconstruction. Posterior view of the occipital bone and the atlas vertebra
(C1). *Left paracondylar tubercle. LOC: left occipital condyle. LLM: left lateral
mass of C1. LPA: left posterior arch of C1. LTP: left transverse process of
C1. LMP: left mastoid process. Close relationship between *Left
paracondylar tubercle is close to LTP but without the presence of a joint
structure.
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Fig. 2. Patient n°1l. Planmeca Promax 3D Mid. 3D reconstruction. Closer
posterior and left lateral view. * Left paracondylar tubercle. LPA: left posterior
arch of atlas. LTP: left transverse process of C1. LMP: left mastoid process.
Close relationship between *Left paracondylar tubercle and LTP without the
presence of ajoint structure.

Fig. 3. Patient n°1. Planmeca Promax 3D Mid. 3D reconstruction. Posterior
view. *Left paracondylar tubercle. OB: occipital bone. LOC: left occipital
condyle. LLM: left lateral mass of C1. RLM: right lateral mass. LPA: left
posterior arch. RPA: right posterior arch. LTP: left transverse process. RTP:
right transverse process. Difference in shape between left and right
transverse process, with the upper edge of the LTP more pyramidal, and the
upper edge of RTP flatter.
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Fig. 4. Patient n°1. Planmeca Promax 3D Mid. Coronal two-dimensional
(2D) view. Posterior view of the C1, of the foramen magnum, and of the
occipital bone. Arrow: Left paracondylar tubercle. 1r/1l: right/left transverse
process of C1. 2r/2l: right/left lateral mass of C1. 3r/3I: right/left occipital
process. No presence of joint between the left paracondylar tubercle and the
left transverse process of C1.

Fig. 5. Patient n°1. Planmeca Promax 3D Mid. Sagittal two-dimensional (2D)
view. * Left paracondylar tubercle. LTP: left transverse process.
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Unilateral paracondyar process with cylindrical shape

Fig. 6. Patient n°2. Planmeca Promax 3D Mid. 3D reconstruction. Posterior
view. *Left paracondylar process. LLM: left lateral mass. RLM: right lateral
mass. LPA: left posterior arch of C1. RPA: right posterior arch of C1. LTP:
left transverse process of C1. RTP: right transverse process of C1. The
superior edges of LTP and RTP are flat. There is no joint between the *Left
paracondylar process and LTP.

h"

Fig. 7. Patient n°2. Planmeca Promax 3D Mid. 3D reconstruction. Closer
posterior and left lateral view. *Left paracondylar process of cylindrical
shape. LLM: left lateral mass. LPA: left posterior arch of C1. LTP: left
transverse process.
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Fig. 8. Patient n°2. Planmeca Promax 3D Mid. 3D reconstruction. Left
sagittal view. *Left paracondylar process of cylindrical shape. LLM: left
lateral mass. LPA: left posterior arch of Cl. LTP: left transverse process.
LAA: left anterior arch of C1.

Fig. 9. Patient n°2. Planmeca Promax 3D Mid. 3D reconstruction. Left
sagittal view. *Left paracondylar process of cylindrical shape. LTP: left
transverse process. No joint between *Left paracondylar process and LTP.
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Fig. 10. Patient n°2. Planmeca Promax 3D Mid. Coronal two-dimensional
(2D) view. A. More posterior view. *Left paracondylar process of cylindrical
shape. B. More anterior view. *Left paracondylar process. Thick arrow: LTP.
Thin arrow: distance between both structures.

Unilateral paracondylar process with pyramidal shape

Fig. 11. Patient n°3. Planmeca Promax 3D Mid. 3D reconstruction. Posterior
view. PCP: paracondylar process. RTP: right transverse process of CI1.
Black arrow: splitting of posterior arch and traces of sequestered bone
(sequellae after cranial trepanation). Dashed arrows: traces of occipital bone
trepanation.
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Fig. 12. Patient n°3. Planmeca Promax 3D Mid. 3D reconstruction. Posterior
view. PCP: paracondylar process. RLM: right lateral mass. RPA: right
posterior arch of C1. RTP: right transverse process (flat). Black arrow:
splitting of the posterior arch on the midline.

Fig. 13. Patient n°3. Planmeca Promax 3D Mid. 3D reconstruction. Right
sagittal view. PCP: paracondylar process with pyramidal shape. RLM: right
lateral mass. RPA: right posterior arch. RTP: right transverse process. No
presence of joint structure between PCP and RTP.
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Fig. 14. Patient n°3. Planmeca Promax 3D Mid. 3D reconstruction. Right
sagittal view. PCP: paracondylar process with pyramidal shape. RTP: right
transverse process. Distance between both anatomic structures.

Fig. 15. Patient n°3. Planmeca Promax 3D Mid. Coronal 2D view. ROC: right
occipital condyle. LOC: left occipital condyle. RLM: right lateral mass. LLM:
left lateral mass. Arrow: right unilateral paracondylar process.
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Unilateral paracondylar process with lateral joint with
transverse process of C1

Fig. 16. Patient n°4. Planmeca Promax 3D Mid. 3D reconstruction. Posterior
view. RPCP: right paracondylar process. RTP: right transverse process.
RPA: right posterior arch of C1. SP: right styloid process. RMP: right mastoid
process. RM: right ramus of the mandible. White arrows: joint between
RPCP and RTP.

Fig. 17. Patient n°4. Planmeca Promax 3D Mid. 3D reconstruction. Right
lateral sagittal view. RPCP: right paracondylar process of pyramidal shape.
RTP: right transverse process. RPA: right posterior arch. RMP: right mastoid
process. SP: right styloid process. Arrows: lateral joint between RPCP and
RTP.
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Fig. 18. Patient n°4. Planmeca Promax 3D Mid. 3D reconstruction. Right
sagittal view. RPCP: right paracondylar process. RTP: right transverse
process. RMP: right mastoid process. SP: right styloid process. Arrows:
lateral joint between RPCP and RTP.
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Fig. 19. Patient n°4. Planmeca Promax 3D Mid. Right sagittal 2D view.
RPCP: right paracondylar process. RTP: right transverse process. Arrows:
lateral joint between RPCP and RTP.
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Fig. 20. Patient n°4. Planmeca Promax 3D Mid. Coronal 2D view. RPCP:
right paracondylar process. RTP: right transverse process. RLM: right lateral
mass. FM: foramen magnum. Arrows: lateral joint between RPCP and RTP.
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Fig. 21. Patient n°4. Planmeca Promax 3D Mid. Axial view. “Tropical fish’-
Clownfish image with “open mouth”. RPCP: right paracondylar process.
RTP: right transverse process. RTF: right transverse foramen. RLM: right
lateral mass. RPA: right posterior arch. OP: odontoid process. Arrow: lateral
and posterior joint between RPCP and RTP.
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Unilateral paracondylar process with superior joint and
partial fusion with transverse process of C1

Fig. 22. Patient n°5. Planmeca Promax 3D Mid. 3D reconstruction. Posterior
view. RPCP: right paracondylar process. RTP: right transverse process.
RPA: right posterior arch. Black arrows: absence of fusion between posterior
arches of C1 on the midline.

Fig. 23. Patient n°5. Planmeca Promax 3D Mid. Coronal 2D view. Arrows:
absence of fusion between posterior arches of C1 on the midline.
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Fig. 24. Patient n°5. Planmeca Promax 3D Mid. 3D reconstruction. Posterior
view. RPCP: right paracondylar process. RTP: right transverse process.
RPA: right posterior arch. RLM: right lateral mass. RMP: right mastoid
process. Arrows: joint between RPCP and RTP on the superior edge of the
RTP.
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Fig. 25. Patient n°5. Planmeca Promax 3D Mid. 2D axial view. “Tropical fish
Butterflyfish” image with “closed mouth”. RPCP: right paracondylar process.
RTP: right transverse process. RPA: right posterior arch. RTF: right
transverse foramen. OP: odontoid process. Joint between RPCP and RTP. *
Fusion between lateral part of RPCP and RTP.

Unilateral epitransverse process with neo-condyle and
joint with occipital condyle

Fig. 26. Patient n°6. Planmeca Promax 3D Mid. 3D reconstruction. Posterior
view. LETP: left epitransverse process. LTP: left transverse process. LLM:
left lateral mass. LPA: left posterior arch. LOC: left occlusal condyle. SP: left
styloid process. MC: left mandibular condyle. Arrow: neo-condyle at the
summit of the LETP.
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Fig. 27. Patient n°6. Planmeca Promax 3D Mid. 3D reconstruction. Anterior
view of the left side. LETP: left epitransverse process. LTP: left transverse
process. LLM: left lateral mass. LOC: left occipital condyle. AT: atlas
tubercle. Arrow: neo-fossa on the lateral side of LOC in relationship with
neo-condyle of LETP.

Fig. 28. Patient n°6. Planmeca Promax 3D Mid. Coronal 2D view. LETP: left
epitransverse process. LTP: left transverse process. LLM: left lateral mass.
LOC: left occipital condyle. ROC: right occipital condyle. RLM: right lateral
mass. 1. Neo-condyle of LETP. 2. Neo-fossa on lateral side of LOC.
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Unilateral epitransverse process with joint with occipital
bone

Fig. 29. Patient n°7. Planmeca Promax 3D Mid. 3D reconstruction. Posterior
view. RETP: right epitransverse process. RTP: right transverse process.
RPA: right posterior arch of C1. LPA: left posterior arch of C1. OB: occipital
bone. Dashed arrow: exostosis of the upper edge of the RPA (calcification of
posterior atlantooccipital membrane). Arrows: absence of fusion of posterior
arches of C1 on the midline. RETP in close relationship with OB.

Fig. 30. Patient n°7. Planmeca Promax 3D Mid. 3D reconstruction. Posterior
view. RETP: right epitransverse process. RTP: right transverse process.
RPA: right posterior arch of C1. RLM: right lateral mass. Dashed arrows:
pyramidal exostosis of the upper edge of the RPA. Arrows: absence of
fusion of posterior arches of C1 on the midline.
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Fig. 31. Patient n°7. Planmeca Promax 3D Mid. 3D reconstruction. Lateral
and posterior view. RETP: right epitransverse process. RTP: right transverse
process. RPA: right posterior arch of C1. RLM: right lateral mass. RSP: right
styloid process. RM: right mandible. 1. Neo-fossa onthe occipital bone
corresponding to the summit of the RETP.

Fig. 32. Patient n°7. Planmeca Promax 3D Mid. A. Coronal 2D view. Thin
arrows: joint between RETP and OB. Thick arrow: Neo-fossa belonging to
OB in close relationship with RETP. B. Coronal 2D view. Thin arrows: joint
between RETP and OB. Thick arrow: OB with pneumatisation. Joint exists
between OB and RETP.
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Unilateral epitransverse process with a bony bridge with
lateral mass (ponticulus lateralis)

Fig. 33. Patient n°8. Planmeca Promax 3D Mid. 3D reconstruction. Posterior
view. LETP: left epitransverse process. LTP: left transverse process. LPA:
left posterior arch of C1. LLM: left lateral mass. RTP: right transverse
process. RLM: right lateral mass. RPA: right posterior arch of C1. Arrows:
thick bony bridge between the summit of LETP and lateral and upper side of
LLM (ponticulus lateralis).
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Fig. 34. Patient n°8. Planmeca Promax 3D Mid. 3D reconstruction. Posterior
view. Zoom on the LETP variation. Posterior view. LETP: left epitransverse
process. LTP: left transverse process. LPA: left posterior arch of C1. LLM:
left lateral mass. Arrows: thick bony bridge between LETP and LLM
(ponticulus lateralis), and without occipitalisation.

g

M

Fig. 35. Patient n°8. Planmeca Promax 3D Mid. Coronal 2D view. *LLM.
Thick arrow: LETP. Thin arrow: bony bridge between both structures
(ponticulus lateralis). There is still space between the bony bridge and the
occipital bone.
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530 Bilateral variation: paracondylar mass and epitransverse
531 process

532

533 Fig. 36. Patient n°9. Planmeca Promax 3D Mid. 3D reconstruction. Posterior
534 view. LETP: left epitransverse process. LTP: left transverse process. LPA:
535 left posterior arch of C1. RPA: right posterior arch of C1. RTP: right

536 transverse process. Arrow: paracondylar mass between RTP (joint) and the
537 occipital bone.

538

539

540 Fig. 37. Patient n°9. Planmeca Promax 3D Mid. 3D reconstruction. Posterior
541 view centred onright paracondylar mass (RPM). RTP: right transverse

542 process. Arrows: joint between RPM and the upper area of RTP.
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’

_—
Fig. 38. Patient n°9. Planmeca Promax 3D Mid. 3D reconstruction. Posterior
view centred on right paracondylar mass (RPM). Red arrow: joint between
RPM and the upper area of RTP. Orange arrow: distance between the
summit of RPM and the occipital bone, without any joint.

Fig. 39. Patient n°9. Planmeca Promax 3D Mid. Sagittal 2D view. RPM: right
paracondylar mass. RTP: right transverse process. Thick arrow: joint
between RPM and RTP on the posterolateral side of RTP. Dashed arrow: no
joint between RPM and occipital bone.
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Fig. 40. Patient n°9. Planmeca Promax 3D Mid. 3D reconstruction. Posterior
view. LETP: left epitransverse process. LTP: left transverse process. LPA:
left posterior arch of C1. LLM: left lateral mass. LOC: left occipital condyle.
LSP: left styloid process. LMC: left mandibular condyle. Red arrows: LETP
without joint with LLM or with occipital bone.

Fig. 41. Patient n°9. Planmeca Promax 3D Mid. Coronal 2D view. *Right
paracondylar mass without joint with the occipital bone. **left epitransverse
process without joint with the occipital bone.
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Discussion

The selected literature provided us only with case reports of single patients [3-7].
We were able to present the first clinical series of 9 patientswith PCP/ETP
variations. Only a CT scan was used in previously reported cases. In our series we
exclusively used a CBCT (Planmeca Promax 3D mid).

Bertini et al. [7], proposed in 1991 a classification of variations of PCP and of ETP
with 7 different types described on coronal view (Table 1). Bertini’s classification
was based on previous studies and classifications by Zimmer in 1973 [8], and by
Wackenheim in 1983 [9]. Bertini’s classification was limited to unilateral variations.
We completed this classification by adding: 1) Bilateral variations (identical or
different on right/left side), 2) Joint existing between PCP and ETP (called by the
author “dugong head image” [4]), 3) Joint of ETP with the lateral side of occipital
condyle, 4) Presence of bony bridge (ponticulus lateralis) between ETP and the
lateral mass of C1. We also found a variation in the shape of PCP: cylindrical and
pyramidal. Only pyramidal (triangular) shape was already described [5, 7].

In Bertini’s classification we can find the expression “C1 lateral mass” in relation
with PCP. However, the figures and drawings from Bertini’s article show that PCP

is in anatomicalrelationship with the transverse process of C1 and not with the
lateral mass [7]. Therefore, we replaced the term “C1 lateralmass” by “C1
transverse process” in the definition of a given variation related with PCP.

Table 1. Classification of variations of paracondylar process and
epitransverse process.

Unilateral [7]

Bilateral (identical)
[added by author]

Bilateral (mixt)
[added by
author]

Paracondylartubercle:
small bony
prominence on the
inferiormargin of the
occiput[7]

Figs. 1-5 (this study)

Paracondylar process:
a largerbony
prominence which
originates nextto the
occipital condyle and
projects caudally
toward the C1 lateral
mass[7] (noton C1
lateral mass buton C1
tfransverse process)

Fig. 2, CT scan, pyramidal shape [5]
Figs. 6-25 (this study)
Figs. 6-10: cylindrical shape (this study)

Figs. 11-25: pyramidal shape (this study)

Joint between
paracondylar process
andthe lateral mass
of C1 (noton Cllat-
eralmass buton C1

Fig. 1A, fig. 1C, CT scan [6]
Fig. 2, CT scan, coronal view [7]

Figs. 16-25 (this study)
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transverse process)

[7]

Fig. 21, “Tropical Clownfish” image (this study),

Fig. 25, “Tropical Butterflyfish” image (this
study)

Joint between
paracondylar process
with epitransverse
process [added by
author]

Fig. 2, and Fig. 2B, CT scan, “dugong head”
image [4] (author’'s denomination)

Fusion of
paracondylar process
with C1 lateral mass
(noton Cllateral
mass buton C1
transverse process)

[7]

Fig. 25, “Tropical butterflyfish” image, (this
study)

Paracondylar mass
(or massa
paracondylica [5]): an
isolated bony mass
located between
occiputand C1
transverse process [7]

https://radiopaedia.org/articles/paracondylar-
process?lang=us CT scan, case n°2

Figs. 36-39, 41
(this study)

Epitransverse process

[7]

https://radiopaedia.org/articles/epitransverse-
process-of-the-atlas CT scan, case n°2

Fig. 1, CT scan, [3]
Fig. 2, CT scan, [4]

Figs. 26-41 (this study)

Figs. 36, 40, 41
(this study)

Joint between
epitransverse process
and lateral side of
occipital condyle
[added by the author]

Figs. 26-28 (this study)

Joint between
epitransverse process

https://radiopaedia.org/articles/epitransverse-
process-of-the-atlas CT scan, case n°2

and a bony

prominence of the Figs. 29-32 (this study)
occiput[7]

Presence of bony Figs. 33-35 (this study)
bridge between

epitransverse process
and lateral mass of C1
[added by the author]
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Six figures were found in the selected literature [3-7], and belonged only to
articles published in closed access (payment orsubscription needed to access the
article). Two volumes of CT scan images (one case of unilateral PCP and one case
of unilateral ETP) were freely available on radiopaedia.org. We provided with addi-
tional 41 open access freely available figures. Table 1 presents 30 variations of PCP
and ETP instead of initial 7 variations presented in Bertini’s article [7].

Only 12 of 30 possible variationswere described in this study with 6 variations
already described previously, and 6 new variationsadded by this study.

We were first to present with CBCT figures of the following: 1) unilateral
paracondylar tubercle, 2) a fusion of PCP with the transverse process of C1, 3) a
joint between ETP and the lateral side of the occipital condyle, and 4) the presence
of bony bridge (ponticulus lateralis) between the ETP and the lateral mass of C1.
We were also first to describe a bilateral mixt variation with paracondylar mass on
one side and with the ETP on the other side of C1.

Bilateral cases from the literature are missing in our study due to the application of
our exclusion criteria. For example, Narayanan et al, published an open access
article on a single case of bilateral PCP with articulation on transverse process (3
figures, CT scan) [10]. However, Naranyan’s article was published without abstract
[10]. Moreover, the existence of bilateral mixt cases (each side with a different
variation) opens much broader perspective on diversity of possible associations and
of types of joints existing between structures that may be presentin humans.

We introduced also three “radiological animalsigns” images [11]. Radiological
animalsigns images are widely used in radiological education [11, 12].

Joint between the PCP and the transverse process of C1, and with or without fusion
were compared on axial view to “tropical Butterflyfish” with a closed mouth (Fig.
25) or a “tropical Clownfish” with an open mouth (Fig. 21). The joint between the
PCP and the ETP looked like the “dugong head” in McCall et al., [4] (Figure 2B,
axialview, CT scan).

In two of nine patients we found the congenital absence of fusion of posterior arch
on the midline (patientn®5, figs. 22, 23, 25;and n°7, figs. 29, 30) We also found the
exostosis on the cranial edge of the right posterior arch of C1 (patient n°7, figs. 29,
30) which may correspond to the calcification of the posterior atlanto-occipital
membrane. However, as our patients series is too small we cannot conclude on any
association between those findings and the presence of PCP and/orETP.

As we are responsible of the full field of view, and when using large field of view of
CBCT (16cm of diameter) we may find rare anatomical variations related to the
skull base and to the cervical vertebra. An open and accessible knowledge support
(such as Nemesis or other future journals) is then needed to easily find clinical
reference figures described and provided by specialists in dentomaxillofacial
radiology.
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