Expression of a Wide Range of Fibrocartilage
Molecules at the Entheses of the Alar Ligaments —
Possible Antigenic Targets for Rheumatoid Arthritis?
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ABSTRACT. Objective. To provide evidence for the existence of a wide range of molecules characteristic of fibrocartilage at normal alar ligament entheses, that may have a bearing on the pathogenesis of rheumatoid arthritis. The alar ligaments provide the mechanical restraint for head rotation and their integrity
can be compromised in patients with RAand occasionally in those with spondyloarthropathy.
Methods. Both alar ligaments from 6 cadavers were fixed in 90% methanol and cryosectioned longitudinally. Sections were immunolabelled with antibodies against collagens, glycosaminoglycans,
and proteoglycans. The immunohistochemical data were related to estimates of insertional angle
change at the entheses that were calculated from measurements of ligament length and dens diameter.
Results. Molecules typical of fibrocartilage (including type II collagen, link protein, and aggrecan)
were found at both entheses, but labelling was more prominent at the odontoid end. This correlated
with a 3-fold greater insertional angle change during 40° of head rotation at the attachment of the
ligament to the dens. At the odontoid enthesis, fibrocartilage differentiation was most conspicuous
posteriorly.
Conclusion. The changes in insertional angle mean that compressive forces are prominent at both
entheses, but particularly at the odontoid end, where the ligament partly wraps around the dens
during head rotation. Thus, mechanical conditions are created that lead to pronounced fibrocartilage
development, hence the expression of type II collagen, link protein, and aggrecan. The prominence
of these molecules at the entheses raises the possibility that they could be antigenic targets for an
autoimmune response in rheumatic diseases. (J Rheumatol 2003;30:1420–5)
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The range of axial rotation between the atlas and the axis is
the greatest between any 2 adjacent vertebrae in the entire
spine1. The movement is facilitated by the alar ligaments,
which also provide a definitive restraint for head rotation at
the extremes of motion. The alar ligaments are significant to
rheumatologists because the integrity of the craniocervical
region can be compromised in patients with rheumatoid
arthritis (RA) or the seronegative spondyloarthropathies
(SpA). According to Zoli, et al2 craniocervical involvement
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in RA can be depicted by computed tomography and
magnetic resonance imaging scans in 41% and 61% of
patients, respectively. In a significant number of patients
with chronic disease, there is a gradual degeneration of all
the ligaments of the atlantoaxial complex that compromises
mechanical stability 3-5. Indeed Moskovich, et al 6 have estimated that as many as 10% of all patients with RAcan have
such severe atlantoaxial subluxation that they require
surgical stabilization. Subluxation can also occur in patients
with a variety of seronegative SpA, including ankylosing
spondylitis7,8, Reiter’s syndrome9-11, and psoriatic
arthritis9,12,13. In all these patients, loss of function in the
craniocervical region may lead to severe neurological
complications including brain stem compression6,14. Neural
compression occurs when the space available for the brain
stem falls below 13–14 mm4.
Until recently, RA has been widely regarded as an
autoimmune disease of unknown etiology. However, there is
now substantial evidence to suggest that there is an autoimmune response to antigens present in articular cartilage that
may play a significant role in the pathogenesis of the
disease15-18. Putative antigens include aggrecan, link protein,
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and type II collagen, all molecules that are found not only in
articular cartilage, but also in certain regions of tendons and
ligaments. These include the sites where tendons and ligaments wrap around bony pulleys and many entheses,
notably those with a wide change in the insertional angle
between tendon/ligament and bone that accompanies joint
movement19-21. As the alar ligaments are so short and the
range of head rotation is so great (typically 40° on each
side22), insertional angle changes must be large, and this is
probably why the ligament is especially vulnerable to insertional injuries22. Further, we would predict insertional angle
changes to be greater at the attachment of the dens during
head rotation, because the radius of the dens is considerably
less than that of the foramen magnum. If the angle change is
more pronounced at the odontoid end of the ligament, then
the risk of wear and tear should be greater here. This could
explain the high incidence (57%) of erosions of the dens
reported by Czerny, et al23 in patients with RA. In SpA too,
it has been suggested that the disease targets sites where
fibrocartilage is present in the body, particularly tendons and
ligaments21. Maksymowych 24 has suggested that these
diseases involve an autoimmune response to antigens
present in tendon/ligament fibrocartilage, while Benjamin
and McGonagle 21 favor the view that the presence of fibrocartilage at sites commonly implicated in SpA is primarily
related to the risk of mechanical trauma in these locations.
In either scenario, the presence of fibrocartilage at targeted
sites is of pivotal importance.
In view of the frequent involvement of the atlantoaxial
region in patients with RA or SpA, and the putative role of
fibrocartilage in both, our purpose was to characterize the
distribution of molecules typical of this tissue at the
entheses of the normal alar ligament and to relate this to estimates of insertional angle changes during head rotation.
MATERIALS AND METHODS
Removal and measurement of specimens. Six specimens taken from the
suboccipital region of adult cadavers (men and women aged 65–89 years)
donated to the Department of Anatomy at the University of Munich were
removed within 48 hours of death. The specimens included the occipital
condyles together with the atlas, axis, and their associated ligaments, and
were removed en-bloc by a posterior dissection approach. In no case was
the cause of death related to suboccipital pathology. Each entire alar ligament, including its entheses, was dissected from the specimens by
removing the posterior arch of the atlas, dividing the transverse ligament,
and severing the odontoid process from its vertebral body. Minor ligamentous attachments between the odontoid process and the atlas, described by
Dvorak and Panjabi25 as atlanto-dental ligaments, were severed when
present. The specimens were immediately fixed in 90% methanol at 4°C
and stored at –20°C. At this stage, the diameter of the odontoid process was
measured with calipers, together with the length of each alar ligament
(measured anteriorly). The bony attachment area occupied by each enthesis
was estimated by measuring both its width and its depth. All values are
expressed as means ± standard error.
Immunohistochemistry. After fixation and subsequent decalcification in 5%
EDTA, specimens were cryosectioned at 12 µm. Sections from the middle
of the block were cut in the direction of the ligament fibers. The sections
were then stained with toluidine blue for metachromasia and with a panel

of antibodies against collagens (types I, II, III, V, and VI), glycosaminoglycans (keratan sulfate, dermatan sulfate, and chondroitin 4 and 6
sulfates), and proteoglycans (versican, aggrecan including its link protein,
and tenascin). Details of any necessary enzyme pretreatments, together
with the antibody sources and concentrations, have been described26,27.
Briefly, sections were treated with 0.3% hydrogen peroxide in methanol for
30 min to block the activity of any endogenous peroxidase, after appropriate enzyme pretreatment. Any nonspecific binding of the secondary antibody was minimized by treating the sections for 60 min with normal horse
serum. For control purposes, either the primary antibody was omitted or the
sections were incubated with nonspecific mouse immunoglobulins (10
µg/ml) or with an antibody against an antigen not present in the tissue.
Antibody binding was detected with a Vectastain ABC Elite avidin/biotin
kit (Vector Labs, Burlingame, CA, USA) and the sections were briefly
counterstained with hematoxylin.
Estimation of insertional angle changes. Insertional angle changes were
estimated for a head rotation of both 30° and 40° by simple geometry from
measurements of alar ligament length (which reflect the size of the foramen
magnum) and the diameter of the odontoid process.

RESULTS
Insertional angle changes. The position of the alar ligaments in the dissected gross specimens after removal of the
dorsal half of the craniocervical junction is shown in Figures
1a and 1b. The average diameter of the odontoid process
was 10.6 ± 0.5 mm, the mean length of the alar ligaments
was 8.2 ± 1.0 mm, and the surface areas of the odontoid and
occipital entheses were 60 ± 5.5 mm2 and 50.6 ± 5.6 mm2,
respectively. From these raw data, the changes in insertional
angle for 40° of head rotation were determined geometrically as 19° and 60° at the occipital and odontoid ends of the
ligament, respectively (Figure 2). For 30° of rotation, the
comparable values were 16° and 47°.
Immunohistochemistry. The results of the immunohistochemical survey are summarized below. Labelling patterns
were generally similar for the 2 ligaments from the same
individual.
Collagens. Collagens types I, III, and VI were found
throughout the ligament, although in 8 odontoid and 6
occipital entheses, there was a narrow band of extracellular
matrix (ECM) near the bony interface that did not label for
type I collagen (Figure 1c). Type II collagen was largely
restricted to the entheses and was more pronounced at the
odontoid than the occipital end (Figure 1d). At the former, it
was typically most conspicuous posteriorly (Figure 1d) and
labelling was strongest in those specimens where type I
collagen was locally absent. In the region characterized by
type II collagen labelling, round fibrocartilage cells were
present (Figure 1e), but elsewhere the ligament mainly
contained fibroblasts.
Glycosaminoglycans and proteoglycans. Tenascin, versican,
keratan sulfate, dermatan sulfate, and chondroitin 4 sulfate
were found throughout the course of the ligament. Although
versican was present in the enthesis fibrocartilages, it was
locally absent near the bony interface in 5 odontoid and 4
occipital entheses in the region that was also devoid of type
I collagen labelling (Figure 1f). Weak labelling for chon-
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Figure 1. Macroscopic appearance of the alar ligaments and immunohistochemical labelling patterns for collagens and proteoglycans. (a) Macroscopic overview of the ventral aspect of the craniocervical complex after
removal of all posterior structures, including the dorsal region of the foramen magnum, upper cervical vertebrae, brain stem, and spinal cord. The alar ligaments (arrows) extend from the dens (D) to the occipital condyles
(O). Scale bar 6.5 mm. (b) Dissection of a right alar ligament to show its attachments to the dens (D) and occipital condyles (O). Note how the ligament flares out at its entheses. The interfaces between the ligament and bone
are indicated by broken lines. Scale bar 1.7 mm. (c) Widespread, diffuse labelling for type I collagen at an occipital enthesis. Note, however, the local absence of labelling (arrows) near the bony interface. This is especially
obvious in contrast to the positive labelling of the bone (B). Scale bar 20 µm. (d) Low power view of an alar
ligament labeled for type II collagen. Although both entheses are labeled, labelling is more conspicuous at the
odontoid enthesis — and particularly at its posterior margin (P). D: dens; OC: occipital condyle. Scale bar 1200
µm. (e) Higher magnification of the odontoid enthesis showing numerous round fibrocartilage cells (arrows) in
a type II collagen-positive ECM. Scale bar 10 µm. (f) Versican labelling at an occipital enthesis. Note the local
absence of labelling (arrows) near the bony interface. B: bone. Scale bar 20 µm. (g) Low power view of an odontoid enthesis showing pronounced labelling for aggrecan in the enthesis fibrocartilage (FC, arrow). B: bone.
Scale bar 400 µm.
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Figure 2. A simple representation of the attachments of the alar ligaments (A) to the dens and occipital condyles (OC) as seen from above, to show the change
in the insertional angles of the ligament during head rotation. (a) The ligaments are depicted with the head in the anatomical position (0° rotation). (b) The
ligaments are shown with the head rotated clockwise through 40°. While this rotation results in relaxation of the ligament in the direction of rotation, tension
is induced in the contralateral ligament, resulting in a 60° change in angle at the odontoid enthesis, but a 19° change at the occipital enthesis. Note that as the
head is rotated, the posterior aspect of the tensed ligament is partly wrapped around the dens (arrow).

droitin 6 sulfate was also generally distributed, but enhanced
labelling was seen at the entheses. The labelling pattern for
aggrecan and link protein typically followed the distribution
of collagen type II and was thus most extensive in the posterior aspect of the odontoid enthesis (Figure 1g).
DISCUSSION
Although the presence of fibrocartilage has been reported
previously in the alar ligaments 28, this is the first account of
differences in the extent of immunohistochemical labelling
for molecules typical of fibrocartilage (type II collagen,
aggrecan, and link protein) at its 2 entheses. We suggest
these differences relate to the insertional angle changes
occurring in the alar ligaments during maximal rotation of
the head. We have shown that the change is roughly 3 times
greater at the dens than at the occipital enthesis.
Consequently, the ligament must be subject to greater levels
of compression at its attachment to the dens than the skull,
and this accounts for the greater prominence of fibrocartilage at the odontoid enthesis. Whether there are also
age/sex-related differences in enthesis fibrocartilage is
unclear, for insufficient specimens were examined for meaningful comment.
Type II collagen, aggrecan, and link protein are typical of
fibrocartilage rather than dense fibrous connective tissue
and have been widely reported at numerous tendon and ligament entheses (see review21). Aggrecan is the ECM molecule that gives articular cartilage its ability to resist
compression29 and link protein is a small glycoprotein that
stabilizes the interaction between aggrecan and
hyaluronan30,31. Our observation of aggrecan, link protein,
and type II collagen raises the possibility that one or more of

these molecules could be antigenic targets for an autoimmune response in RA within the alar ligaments. This
hypothesis has attracted considerable interest in understanding the etiology of articular cartilage degeneration in
RA15,16,32-35. The autoimmune concept has also led to the
suggestion that similar changes could occur in the transverse
ligament of the atlas in patients with RA27, and evidently the
same could apply to the alar ligaments as well. Although we
lack any data on molecular changes in the alar ligaments of
patients with RA, studies on the extensor tendon of patients
undergoing arthrodesis of the proximal interphalangeal joint
of the fingers36 have shown that there is a marked erosion of
enthesis fibrocartilage in RA patients and reduced labelling
for type II collagen. The prominence of enthesis fibrocartilage can also explain the involvement of the alar ligaments
in SpA, for other highly fibrocartilaginous entheses, e.g., the
Achilles tendon and plantar fascia, are well known sites of
these diseases in the appendicular skeleton21. The prominence of fibrocartilage at entheses generally relates to an
increased risk of wear and tear, for the fibrocartilage dissipates insertional angle changes gradually away from the
bony interface, into the soft tissue of the tendon or ligament19-21. Thus, enthesis fibrocartilage reduces stress
concentration at the hard tissue interface and plays a role
rather like that of a rubber grommet in an electrical plug37.
Perhaps it is these mechanical implications that stem from
the presence of fibrocartilage, rather than the antigenicity of
tissue per se, that underpin differences in the anatomical
predilection for disease between SpA and RA 21.
Stress is also reduced by the flaring of the ligament as it
approaches the bone. This is evident both in Figure 1b and
from our greater estimates of the cross sectional areas of the
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entheses (50–60 mm2) compared with data provided by
Dvorak, et al22 for the mid-ligament (22 mm2). The increase
in surface area may reflect a divergence of collagen fiber
bundles as the ligament approaches the bone, but could also
be associated with the presence of a fibrocartilaginous
ECM. As entheses serve to reduce stress concentration, it is
not surprising that enthesopathies are common among
athletes and that their frequency increases with age21.
Evidence for an age-related increase in wear and tear in the
craniocervical ligaments in particular is suggested by the
work of Crockard, et al38. In 5 elderly patients, they found a
fibrocartilaginous, extradural mass that mimics a tumour,
but which is derived from degeneration of atlantoaxial ligaments. The greater change in insertional angle of the alar
ligaments at the odontoid enthesis, and the more extensive
labelling for fibrocartilage molecules at this site, suggest
that it is more vulnerable to wear and tear during head rotation than the occipital attachment. The prominent labelling
for type II collagen and aggrecan at the posterior aspect of
the odontoid enthesis may relate to the fact that this region
of the ligament is partly wrapped around the dens during
maximal head rotation and is thus compressed against the
bone (Figure 2). The greater prominence of fibrocartilage at
the odontoid compared with the occipital enthesis illuminates the observations of Saternus and Thrun39 that rotational injuries generally damage the alar ligaments near the
dens, but indirect fractures at the base of the skull typically
tear the occipital end of the ligament. It may also relate to
reports of odontoid erosion in a patient with RA23 and alar
ligament enthesopathy in a patient with a hypertrophic dens,
a narrow atlas ring, and associated cervical myelopathy40.
Not only is fibrocartilage prominent near the apices of the
odontoid process (i.e., at the alar ligament attachments), but
a cartilaginous periosteum covers the base of the dens where
the odontoid peg presses against the transverse ligament41.
Functional integrity of the transverse and alar ligaments
at the molecular level is crucial for maintaining the balance
between physiological motion and mechanical stability of
the craniocervical junction. Knowledge of the structural
details of the ligaments allows improved biomechanical
appraisal of physiological and pathological motion patterns
of the upper cervical spine.
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