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THE ARTEKIAL SUPPLY OF THE ODONTOID PROCESS 
OF THE AXIS 

Bo ALTEIOFF & IAN F. GOLDIE 

Department of Orthopaedic Surgery 11, University of Goteborg, Goteborg, Sweden, 

.4 study has been carried out of the arterial supply of the odontoid 
process of the axis. Among the arterial sources there are paired anterior 
and posterior ascending arteries arising from the vertebral artery. 
-4rterics penetrate into the odontoid process a t  its base from both the 
anterior and posterior ascending arteries. A transverse arterial arcadc 
is  formed above its top by the anastomosing anterior and posterior 
ascending arteries. In this investigation i t  was demonstrated that a 
branch of the ascending pharyngeal artery (from the external carotid 
artery) joined this arcadc after passing through the canalis hypoglossi 
of the occipital condyle. Moreover, there were inferior and superior 
horizontal arteries apparently coming from the internal carotid artery, 
which supplied the odontoid process. It was shown that the superior 
horizontal arteries penetrated the anterior atlanto-occipital membrane 
and ran across to the supraodontoid arterial arcade. There were also 
arteries which reached into the odontoid process via the accessory and 
apical ligaments. Vessels described-but not dcmonstrated-to reach 
the odontoid process via the alar ligaments could not be observed in  
this investigation. I t  was shown that inside the odontoid process the 
arteries formed a rich anastomosing network. The odontoid process of 
the axis is thus in  the centre of a dense arterial network. 

K e u  words: odontoid process; arterial supply; paired ascending 
arteries; supraodontoid arterial arcade; intraosseous anastomotic 
arterial network 
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The odontoid process has a stabilizing 
effect on the function of the atlanto-axial 
articulation. This stability is jeopardized 
in fractures of the ‘odontoid process, but 
a delayed or failed bony union need not 
necessarily give rise to any symptoms. 
Schatzker et al. (1971) have reported a 
frequency of non-union ( pseudarthrosis) 
in 64 per cent and Blockley & Purser 
(1956) in 63 per cent. Lower frequencies 
have been reported by Amyes & Anderson 
(1956) who found a rate of pseudarthro- 
sis of 5 per cent which was also found by 
Bohler (1965).  There are also reports 

(Nachemson 1960, Anderson & d’Alonzo 
1974) with non-union frequencies of the 
order of 44 per cent and 26 per cent. The 
difference belwecn the reported extremes 
of 64 per cent and 5 per cent appears to 
be due to the technique of examination 
which in the high frequency series in- 
cludes tomolgraphy and radiography of 
the cervical spine in flexion-extension. 

The reason for non-union has been 
debated (Nachemson 1960, Schatzlcer et 
al. 1971). It is argued that the vascular 
supply becomes disturbed to an extent 
that revascularization does not occur 
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satisfactorily. An impairment in healing 
follows. It has been suggested that in 
so-called low fractures, i.e., fractures 
through the base of the odontoid process, 
no  vital vessels become injured and thus 
healing occurs uneventfully (Schatzker 
cl al. 1’371, Bailey 1974). In high frac- 
tures, however, the large vessels reaching 
the odontoid process via the accessory 
ligaments become injured and it has been 
poslulatcd that this may impair circula- 
tion io such an extent that non-union of 
an odontoid fracture ensues. Moreover, 
the opinion has been advanced that the 
vascular supply to the odontoid process 
is so poor in general that odontoid frac- 
tures consequently heal badly (Schmorl 
1971, Bailey 1974). The pertinent prob- 
lem, therefore, seems to be to analyse in 
more detail the vascular arrangement of 
the odontoid and furthermore relate the 
observations to the most common locali- 
zations of odontoid fractures. 

Therefore the aim of this investigation 

1 )  to make a detailed study of the ar- 
teries surrounding, penetrating into 
and running in the odontoid process 
and 

2 )  to produce experimental fractures and 
correlate the anatomy of arteries to 
the fractures obtained. This latter 
part of the investigation will be re- 
ported separately. 

was : 

ANATOMY 

Embryonal development 
Between the twentieth and twenty-fourth 

foetal week two laterally situated ossification 
centres appear (Figure 1) .  These unite at birth. 
About 2 years later an ossification centre ap- 
pears on top of the fused lateral centres (Figure 
1). Between the odontoid process and the re- 
maining axis thcre is a cartilage plate which 
becomes ossified between 10 and 20 years of age. 
In the individual case the cartilage plate may, 
however, remain into adulthood. 

During the second decade there is a fusion of 
the apical ossification centre with the two 
lateral. 

Figure 1. Embryonal development. 
1. Apical ossification centre. 
2. Lateral ossification centres. 

Liguments 
The odontoid process is important for the 

stability of the atlanto-axial articulation. Its 
position in  relation to the posterior facet of the 
anterior part of the atlas is secured by the 
strong transverse ligament running posterior to 
the odontoid. The accessory ligaments arise from 
the massa lateralis of thc atlas and insert into 
the lateral aspect of the base of the odontoid 
process. The apical ligament arises from its tip 
and inserts into the anterior rim of the foramen 
magnum (Figure 2). There are two more liga- 
ments--the alar- which arise posterolaterally 
from the odontoid and insert into the occipital 
condyles. 

Figure 2. Ligaments around ihe odontoirl process. 
I .  Tectorial membrane. 
2. Anterior atlanto-occipital membrane. 
3 .  Apical ligament. 
4. AIar l igamenf.  
5. Transverse ligament. 
6. Anterior longitudinal ligamcint. 
7 .  Accessorg ligament. 
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The anterior atlanto-occipital membrane runs 
from the anterior lamina of the atlas to the base 
of the skull (Figure 2) .  

Main arteries in the odontoid region (Figure 3)  
Adjacent to the odontoid process there are two 

main arteries, the internal carotid artery and 
the vertebral artery. The internal carotid artery 
runs anterolaterally in  a cephalad direction and 
enters the skull through the eanalis caroticus. 
The vertehral artery passes through the foramina 
transversaria of the cervical vertebrae and 
curves over the posterior lamina of the atlas. It 
then continues into the skull through thc 
foramen magnum. 

Close to the internal carotid artery there is 
the ascending pharyngeal artery, a branch of 
thc external carotid artery. 

Arteries to the odontoid process 
Review of the literature. Only a few publica- 

tions have been presented on the vascular supply 
of the odontoid process and there is a lack of 
uniformity in the descriptions. Schatzker et al. 
(1971, 1975) described two main vascular 
sources. One was derived from so-called central 
arteries which entered the odontoid at its base 
and then ran in a cephalad direction inside its 
body. The other source was described in a 
schematic drawing showing arteries which from 
the massa lateralis of the atlas reached the 
odontoid via the accessory ligaments. Moreover, 
it was suggested that vascular connections 

Figure 3. Main vessels just below the sltull base 
in relation to the odontoid process and occipifal 
condules. Seen f r o m  helO1lJ und posteriorIIj. 
1. Odonfoid process. 
2. Occipital condyle. 
3. Internal carotid artery. 
4 .  Ascending pharyngeal arterg. 
5. Internal jugular aein. 
6. Vertebral artery. 
7. Foramen magnum. 

existed at the insertion4 of the alar and apical 
ligaments. In the illustrations i t  is not con- 
clusively demonstrated that these arteries actu- 
ally penetrate into the odontoid process. Ar-  
teries were demonstrated within the odontoid 
process hut “it was impossihle to show with 
certainty what areas of the dens were supplied 
by these vessels (through the apical and alar 
ligaments) or  whether any anastomoses existed 
hetween the vessels which entered the dens 
through the apical and alar ligaments and the 
central and peripheral arteries” (Schatzlter et al. 
1971). 

Schiff & Parke (1973) demonstrated a regular 
vascular pattern around the odontoid. Three 
main groups of vessels were described : 

1) anterior ascending arteries, 
2 )  posterior ascending arterieb and 
3) cleft perforators (horizontal arteries). 
The latter arose from the internal carotid 

artery and anastomosed with the anterior as- 
cending arteries at the odontoid base. The an- 
terior and posterior ascending arteries which 
appeared in  pairs arose from the vertehral ar- 
tery. These arteries assembled in a vascular 
arcade on the top of the odontoid. The anterior 
ascending arteries gave hranches to the anterior 
aspect of the vertebral hody of the axis, to the 
base of the odontoid process and to its antero- 
lateral surface. The posterior ascending arteries 
gave branches to the posterior aspect of the 
vertebral body of the axis. Further, Schiff & 
Parke (1973) described small holes on the sur- 
face of the odontoid and concluded that these 
were places of entrance for the arteries. No 
arteries were demonstrated within the odontoid 
process. 

MATERIAL AND METHODS 

The material for this investigation consisted of 
six human cadaver cervical columns. The in- 
dividuals had died from causes not related to 
disease in the vascular system. Their ages were 
62, 65, 67, 67, 70, 76 years, respectively. There 
were two women and four men. All specimens 
were injected in sifu with a contrast medium 
intra-arterially. On excision the specimen con- 
tained the cervical column with the base of the 
skull. 

The contrast medium consisted of a mixture 
of two parts 10 per cent formaldehyde and one 
part Micropaque. The injections were given ac- 
cording to Mulfinger & Trueta (1970) 36-48 
hours following death. Mulfinger & Trueta 
(1970) demonstrated that by injecting vessels 
36-48 hours post-mortem-during which time 
the capillary bed is destroyed by autolysis-the 
contrast medium does not pass over to the veins. 
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Figure 4 a. Longifudinal in sagitfal  plane. 

Figure 4 b. Longitudinal in f ronfal  plane. 

Figure 4 c .  Transverse in horizontal plane. 

Figure 4. Sections of axis used for preparation 
according to the Spalteholtz method. 

The contrast medium was injected into the 
common carotid artery and/or the vertebral ar- 
tery. Three specimens were injected in both com- 
mon carotid arteries and both vertebral arteries 
via four  parallel coupled catheters. One specimen 
was filled through one common carotid artery 
only and two through one common carotid ar- 
tery and one ipsilateral vertebral artery. The 

injection was stopped when the white contrast 
medium was seen to appear either in the inter- 
costal arteries o r  when the skin blanched. The 
filling pressure was that of  manual compression 
of a 10 cm3 injection syringe. The filling pro- 
cedure lasted for some 30 minutes. Al l  arteries 
through which contrast medium leaked were 
tied. Following the filling procedure the cervical 
column and part of the base of the skull were 
excised and some contrast medium was seen to 
disappear from the carotid and vertebral arteries 
before it had adhered to the vessel walls. 

The specimens were frozen and once hardened 
by the freezing procedure they were cut in lon- 
gitudinal sections in  both the sagittal and 
frontal planes (Figure 4a,  b). Horizontal sec- 
tions (Figure 4e)  were also made. Each in- 
dividual section was then x-rayed. A particular 
soft tissue technique also used for mam- 
mography was employed (Mammodiagnost, 
Philips). Film-focal distance 30-35 cm : exposure 
25 kV, 0.2-1 s. Kodak film (Industrex C @) was 
used. 

Following radiography the sections were pre- 
pared according to the Spalteholtz technique 
(Spalteholtz 1914) by which they were made 
translucent. This technique permits a three- 
dimensional study of the course of the arteries. 

Once prepared by the Spalteholz technique the 
specimens were x-rayed a second time. More 
information regarding the distribution of the 
arteries was thus obtained as the Spalteholtz 
technique involves decalcification which makes 
the arteries stand out more clearly. 

RESULTS 

In Lhis investigation previous observa- 
tioiis that the odontoid process receives 
its arterial supply via a system of lon- 
gitudinal (ascending) and horizontal ar- 
teries could be confirmed. The paired 
anterior and posterior ascending arteries 
arose from the vertebral artery. The 
paired horizontal arteries apparently 
came from the internal carotid artery. In 
this investigation difficulties arose in 
exactly verifying the origin of the hori- 
zontal arteries as the contrast medium 
in most specimens had disappeared 
during the excision but Ithe contrast 
medium covered the wall of the internal 
carotid artery in many instances and 
there was a direct conneotion between the 
wall and the horizontal arteries. 

41 ACTA ORTHOP. 48, 6 
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Figure 5. Anterior aspect of the  atlas and axis 
w i th  arteries. 
1. Apical arcade. 
2. Posterior horizontal artery. 
3. Superior anterior horizontal arterll. 
4. Inferior anterior horizontal arterg. 
5. Anterior ascending arterr]. 
6. Vertebral artery. 

Figure 6. Posterior aspect of the  body of f h e  
oxis,  odontoid process and massa lateralis of the  
atlas w i th  the  lamina  of the  atlas and axis cut. 
1. Superior anterior horizontal artery. 
2. Posterior horizontal artery. 
3. Apical arcade. 
4. Anterior ascending artery. 
5 .  Posterior ascending artery. 
6. Vertebral artery. 

Paired anterior ascending arteries 
(Figures 5, 7 and 10)  
These arteries branched off from the 

vertebral arteries immediately caudal to 
the axis. Their course was cephaled on 
the anterolateral surface of the axis and 
near 'the base of the odontoid process 

each artery gave a branch which pen- 
etrated into the odontoid within which 
it then ran posteriorly and ccphalad 
branching eventually into a network of 
fine arteries. 

The anterior ascending arteries con- 
tinued their course on the anterolateral 
surface of the odontoid and over the apex 
of this they joined and, anastomosing 
also with branches from the posterior 
ascending arteries, they here formed the 
apical arcade. 

Paired posterior ascending arteries 
(Figures 6, 7,  10 and 11) .  
The posterior ascending arteries 

branched off from the vertebral arteries 
at the same level as the anterior ascend- 
ing arteries. The posterior ascending ar- 
tery ran cephalad on the posterolateral 
surface of the axis giving off branches to 
the body of this vertebra. At the base of 

Figure 7.  Sagittal section through the  upper 
cervical spine. Radiograph of Spalteholtz prep-  
aration. (cf. Figure 4 a, no.  1, slice thiclcness 
5 mm). 
1. Anastomosing arterg between the  superior 

anterior horizontal arterll and the  apical 
arcade. 

2. Part of t he  apical arcade. 
3. Posterior ascending artery. 
4. Part of t h e  anterior ascending artery. 
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Figure 8. Horizontal section through the buse o f  
the  odontoid process. Radiograph o f  Spalteholtz 
preparation. (cf .  Figure 4 c, no. 3;  slice thickness 
I 2  mm). The  odontoid process is in the  centre o f  
the  picture. Seen f r o m  above and posteriorlg. 
1. 
2. 

3. 

h.  
5 .  

6. 

Posterior ascending arterg. 
Branch f r o m  the posterior ascending arterg 
which  runs along the  accrssorll l igament to 
the  lateral aspect of the  odontoid base, 
where it 
penetrnfes the  bone and divides i n f o  an 
arterial network.  
Anterior ascending arferij. 
A n  anterior artery penetrating i n f o  the  
odontoid process. 
In fer ior  anterior horizontal arterg. 

the odontoid process one branch turned 
off and slightly caudad to the transverse 
ligament it penetrated into the odontoid 
within which it then divided into a nuni- 
her of small branches. Each of the paired 
posterior ascending arteries also gave off 
one hranch which ran along the accessory 
ligament to the insertions laterally on the 
base of the odontoid where it penetrated 
into the bone. The posterior ascending 
arteries continuing in a cephalad direc- 
tion passed posterior to the alar liga- 
ments on top of which they turned 
medially and anteriorly. Joining the 
apical arcade they contributed to the 
formation of a vascular network round 
the tip of the odontoid and the alar liga- 
ments. There were thus anastomoses con- 
necting all the four ascending arteries. 
From this apical network branches were 
given off which descended into the odon- 

toid within which further divisions oc- 
curred. 

In this investigation it proved impos- 
sible to demonstrate any vessels pcn- 
etrating into the odontoid process within 
the circumscribed region of the insertion 
of the alar ligaments. 

Anterior horizontal arteries 
(Figures 5 ,  6 ,  7 and 8)  
These vessels, two on  each side, one 

inferior and one superior, ran horizontal- 
ly on the anterior surface of the atlas. 
The inferior horizontal arteries anas- 
tomosed under the anterior lamina of 
the atlas with the ipsilateral anterior 
ascending artery. The superior horizontal 
arteries anastomosed with each other in 
the midline, and moreover, gave off 
branches which penetrated the atlanlo- 
occipital membrane and established con- 
tact with the apical vascular network. 

Figure 9. Horizontal section through the  upper- 
mos t  part  of the  cervical spine. Radiograph o f  
Spalteholtz preparation. (c f .  Figure 4 c ,  no.  I ;  
slice thickness 12 m m ) .  Seen f r o m  above and 
posteriorlu. 
1. 
2. 

3. 
4 .  5. 

6.  

Internal carotid artery. 
Posterior horizontal arterg (branch f r o m  the  
ascending phargngeal arterg).  
Apical arcade. 
Superior anterior horizontal arterg. 
Anastomosing branch f r o m  the  suprrior 
anterior horizontal artery and the  
supra-odontoid arteries. 
Capsular arterg. 

41' 
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Posterior horizontal arteries 
(Figures 5, 6 and 9 )  
These arteries branching off from the 

ascending pharyngeal artery and run- 
ning horizontally through the canalis 
hypoglossi of the cccipital condyle at the 
level of the foramen magnum turned an- 
teriorly and downwards and reached Ihe 
apex of the odontoid process where they 
linked up with the apical vascular net- 
work. 

Zntraosseous anasfornoses 
(Figures 8, 10 and 11 ) 
The arteries entering the odontoid pro- 

cess a t  its base anastomosed inside the 
odontoid with those arteries entering the 
odontoid at its apex. The interior of the 
odontoid process was the site of a rich 
anastomotic network of arteries. 

Figure 11.  Frontal longitudinal section. Radio- 
graph of Spalteholtz preparation. (c f .  Figure 4 b, 
no. 1 ;  slice thickness 1 0  mni). 
1. A n  anterior artery penetrating the base of 

t he  odontoid process dividing in to  a f i ne  
anastomosing network.  

2. Anastomosing artery between the basal and 
apical arteries. 

3 and 4. Arteries penetrating the apex. 

There were arteries running along with 
the accessory and apical ligaments pen- 
etrating into the odontoid process. No 
arteries could be seen to run into the 
bone from the interior of these ligaments. 
Vessels from the apical arcade ran along 
the alar ligament without penetrating 
the odontoid bone. 

DISCUSSION 

From this investigation it has thus be- 
come evident that the odontoid process 

Figure 1 0 .  Sagittal section through the  odontoid 
process. Radiograph of Spalteholtz preparation. arteries. Arteries were seen to penetrate (cf .  Figure 4 a,  no.  3, slice thickness 5 mm). 

into the odontoid around its base and at 1 .  Transverse section through the apical arcade. 
2. Apical arterg penetrating into the  adontoid its apex. Vascular connections were dcm- 

process. onstrated between ligament and bone 
3. A n  anterior arterg penetrating the  base of except in the case of the alar ligaments. 

No arteries could be observed to traverse the  odontoid process. Note the  rich 
anastomosing network within the odontoid into the odontoid at the insertions of process and t h e  anastornosing arferies 

these ligaments. The failure to demon- 

is in the centre of a rich network of 

between the  apical and basal arteries. 
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\trate this may simply be a matter of 
lechnique and be related to the contrast 
medium used. However, it should be men- 
tioned that a good filling of arteries was 
present in the arteries around the liga- 
ment as well as in the intraosseous area 
bordering the zone where the ligament 
inserts. In  the translucent specimens it 
was impossible to detect any arteries and 
random histologic sections have not re- 
vealed any signs of vascular supply in 
this special region of ligamentous attach- 
nienl. On the other hand, vascular con- 
nections were observed between the in- 
side of the odontoid process and the 
vessels running along the apical and 
accessory ligaments. In studies of the 
vascular supply between ligaments and 
bone i t  has previously been demon- 
strated (Moseley & Goldie 1963, Peterson 
el al. 1974, Bjorkstrijm 1976, personal 
communication) that vascular connec- 
tions exist and the present observations 
coincide with those made in previous 
investigations. 

The arterial arcade above the odontoid 
I’rocess has previously been described to 
have its origin in the anterior and pcste- 
rior ascending arteries. In this investiga- 
tion, however, it was demonstrated that 
the arcade receives arterial branches 
from other sources as well, such as for 
examplc, the ascending pharyngeal ar- 
tery, a branch of the external carotid 
artery and those arteries, apparently 
branches of the internal carotid artery, 
which penetrate ithe mernbrana atlanto- 
occipitalis. Thus, the intraosseous ar- 
terial supply of the odontoid process is 
not entirely dependent on the anterior 
and posterior ascending arteries. This 
investigation has made clear that in cases 
of high odontoid fractures with or with- 
out interfragmentary dislocation the ar- 
terial supply need not necessarily be 
damaged to an extent that the superior 

part of the odontoid process looses its 
bloo,d supply as there are sources other 
than the anterior and posterior ascending 
arteries. This problem is the subject of 
further study. 
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