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Abstract Rheumatoid arthritis (RA) is a chronic inflamma-
tory disorder, characterized by polyarticular inflammation
causing progressive joint damage and disability. The mecha-
nisms underlying its pathogenesis involve activation of
innate and adaptive immunity, microvascular endothelial cell
activation, and inflammatory infiltration of lymphocytes and
monocytes into the synovium. Spinal involvement in RA is
not typical; when it occurs, the main radiological features are
(1) atlantoaxial subluxation (AAS), which is the most typical
form of cervical spine involvement; (2) cranial settling—
also known as basilar impression, atlantoaxial impaction or
superior migration of the odontoid—which is the most severe
form of associated spinal instability; and (3) subaxial sub-
luxation. A combination of these alterations may occur.
Synovitis is characterized by infiltration of innate and adap-
tive immune cells; joint destruction is a consequence of acti-
vation of synovial fibroblasts, which acquire aggressive,
inflammatory, invasive features, associated with increased
chondrocyte catabolism and synovial osteoclastogenesis.
Neck pain is the most frequent symptom of spinal involve-
ment in RA; it occurs in 40-80% of patients and is mostly
localized at the craniocervical junction. Other symptoms—
caused by compression of neural structures such as the
greater occipital nerve (at C2), the nucleus of the spinal tri-
geminal tract and the greater auricular nerve—are occipital
neuralgia, facial pain and ear pain, respectively. Irritation of
the lesser occipital nerve (at C1) can cause pain in the suboc-
cipital region. Sometimes patients may complain of a sensa-
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tion of their head falling down with flexion, weakness,
reduced endurance, loss of ability, gait alterations, paraesthe-
sias or other symptoms due to cord and medullary compres-
sion, and upper or lower motor neuron signs, or both. Surgical
management of RA remains a challenging field.
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Introduction

Rheumatoid arthritis (RA) is a chronic inflammatory disor-
der, characterized by polyarticular inflammation causing
progressive joint damage and disability. The mechanisms
underlying its pathogenesis involve activation of innate and
adaptive immunity, microvascular endothelial cell activation
and inflammatory infiltration of lymphocytes and monocytes
into the synovium. The final consequence of these immuno-
logical processes is development of synovial hypertrophy
with pannus formation, which finally leads to erosion of
articular cartilage and subchondral bone [1].

RA is a chronic, symmetrical, erosive disease, mainly
involving small joints in the hands and feet. However, cervi-
cal spine involvement may also be present in a significant
number of patients, sometimes in early disease. Cervical
spine involvement, however, is more commonly a finding of
long-standing RA, observed in over half of all patients after
a mean of 10 years of the disease [2, 3].

The prevalence of cervical spine abnormalities in RA is
estimated to be between 17% and 88% [4, 5]. The breadth of
this range is related to variability in populations (as observed
in several retrospective studies), use of different classifications
of the disease and evolving medical therapies for the disease
[6]. Almost 1% of the general population in Europe and in the
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USA is affected by RA, and approximately 10% of these
patients develop significant cervical spine involvement [7].

Cervical spine involvement in RA is related to the pres-
ence of peripheral erosions, the use of corticosteroids and
previous joint surgery, which are considered independent
risk factors for development of serious cervical spine abnor-
malities. Beyond inflammatory involvement of cervical spine
related to RA, patients can develop age-related degenerative
alterations (known as cervical spondylosis), which also
affect the general population [8].

Anatomy and Physiopathology

The cervical spine can be separated into two different parts:
the upper tract (C1 and C2, with the atlantoaxial, atlanto-
odontoid and atlanto-occipital joints) and the lower tract
(C3-C7, with uncovertebral and facet joints present at each
level). The upper cervical spine is mainly involved in rota-
tional movements of the neck, whereas the lower tract is
involved in flexion—extension movements. Like the rest of
the spine, the cervical spine has the function of guaranteeing
protection of the neural structures contained in the spinal
canal and allowing both physiological stability and move-
ment capacity between the vertebrae through the joints con-
necting them, which are powered by various muscle
attachments. The occiput—C1 and C1-C2 articulations lack
intervertebral discs, consisting exclusively of synovial
joints. Thanks to these peculiar anatomical features, the
atlas and axis allow increased mobility of the cervical spine.
The atlas, without a vertebral body, supports the head though
lateral articulations with the occipital condyles. The supe-
rior articular facet of the atlas receives occipital condyles at
the base of the skull, whereas the inferior articular facet
stands upon the axis; articulation between the atlas and axis
is permitted by vertical projections of the odontoid process,
which assumes a position between the lateral masses of C1.
The joints are stabilized by different ligaments, such as the
transverse ligament, the alar ligaments and the accessory
atlantoaxial ligaments [9, 10]. The integrity of the trans-
verse ligament prevents anterior subluxation of the atlas,
particularly during neck flexion. In RA, this ligament is
often compromised because of its involvement in the inflam-
matory process of the synovial articulation of the dens.
Whole rupture of the transverse ligament causes only
4-5 mm anterior subluxation of the atlas if the secondary
stabilizers are not damaged. In RA, the stability of the atlan-
toaxial joint is definitely compromised as a result of impair-
ment of the secondary stabilizers, and it can be further
compromised by possible erosions of the odontoid process.
Atlantoaxial instability (most frequently anterior) is often
due to loss of ligament support caused by development of

erosive pannus at the C1-C2 level and bone destruction
(Fig. 1). This process leads to damage to the ligamentous
complex that usually stabilizes the atlas in the axis, espe-
cially damage to the transverse ligament, but also to the
articular capsular joint of C1-C2.

The weight of the head and insufficient mobility of the
thoracic spine create dynamic forces that worsen the situa-
tion, further compromising the ligamentous stabilizers, caus-
ing fracture of an impaired dens, or both.

The most frequent clinicopathological presentations of
spinal involvement in RA are (1) atlantoaxial subluxation
(AAS), which is the most common manifestation of cervical
damage; (2) cranial settling—also known as basilar impres-
sion, atlantoaxial impaction or superior migration of the
odontoid—which is the most severe form of spinal involve-
ment in RA; and (3) subaxial subluxation (SAS). A combina-
tion of these alterations may occur [11, 12].

In AAS, the normal <3 mm range of the anterior atlanto-
dental interval (ADI) is extended and that of the posterior
atlantodental interval (PADI)—the space between the poste-
rior border of the dens and the anterior aspect of the posterior
arch of C1—is decreased, inducing compression of the upper
spinal cord [12]. Winfield et al. [13] observed anterior atlan-
toaxial dislocation (AAD) in 12% of RA patients during a
follow-up period of 7 years. In autopsy studies, the rate
changed from 11% to 46% [9]. Anterior AAD accounts for
75% of all cases of AAD. According to evidence from

Fig. 1 Magnetic resonance imaging (MRI) T2-weighted sagittal
reconstruction of retro-odontoid pannus impinging on the bulbomedul-
lary junction in a 68-year-old woman (red arrow)
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experimental studies, disruption of the transverse ligament
alone can cause slipping of C1 anteriorly over C2. When the
transverse ligament is the only one compromised, the maxi-
mum displacement is about 5 mm, but it increases to 6.5—
10 mm and 7 mm when the alar or atlantoaxial ligaments,
respectively, are also compromised, and 12 mm when all
three ligaments are damaged [10, 14].

In 20% of cases of AAD, C1 is shifted laterally [15], caus-
ing an abnormal head posture. Lateral AAD is the result of
unilateral or asymmetrical involvement of the lateral atlanto-
axial joint. When no more than 1 mm of subchondral bone on
the lateral mass of C1 or the articular process of C2 is lost,
C1 shifts laterally by 2.5 mm. When the loss of bone is more
than 1 mm, the shift can reach 5 mm and is limited by contact
between the lateral mass of C1 and the dens. At the same
time, the lateral mass of C1 is in contact with C2, shifting
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and tilting C1. An anteroposterior open-mouth x-ray permits
diagnosis, evidencing involvement of either or both of the C1
and C2 joints with a major than 2 mm displacement of C1 on
C2 and tilting of C1 on C2. The degree of compromise of the
lateral mass of C2 determines the extent of the tilting [15].
Rotatory dislocation is caused by unilateral C1-C2 joint
damage with impairment of the transverse ligament.
Dislocation is well demonstrated by an open-mouth projec-
tion scan, which is considered the best x-ray projection
because it shows lateral displacement of the dens, asymme-
try of the C1 lateral masses with respect to the dens and
abnormal lateral mass geometry (Fig. 2a). A rarer manifesta-
tion is posterior atlantoaxial subluxation, which is usually
caused by a fracture of the dens and carries a greater risk of
cord injury than AAS (6-7%) [16]. The dens damage caused
by the pannus underlies posterior subluxation, subsequent to
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Fig. 2 (a) Traditional X-ray measurements investigating the C1-C2
relationship. ADI anterior atlantodental interval, PADI posterior atlan-
todental interval (left) and rotatory subluxation (right, red arrow).
(b) Radiological criteria for cranial settling. Chamberlain line: findings
are considered positive if the apex of the odontoid is 3 mm above a line
from the posterior edge of the hard palate to the opisthion (the posterior
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rim of the foramen magnum). McGregor line: findings are considered
positive if the apex of the odontoid is >4.5 mm above a line drawn from
the posterior hard palate to the most inferior point on the occipital
curve. McRae line (1953): findings are positive if the tip of the odontoid
extends above a line drawn from the basion (the anterior rim of the fora-
men magnum) to the opisthion
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posterior slippage of C1. The result is upward movement of
the anterior arch of C1 and downward inclination of the pos-
terior arch until it is located in front of the spinous process of
C2. The erosion of the occipitus—C1 and C1-C2 joints causes
cranial settling, with displacement of the odontoid in the
foramen magnum. This can cause brainstem compression
and possibly death [17].

Cranial settling is observed in 4-35% of RA patients and
is responsible for 20% of all AAD cases [15, 18]. It is caused
by erosion of the occipital condyles, the superior articular
processes of C2 and the lateral masses of C1. The collapse of
the compromised joints is followed by settling of the skull on
the upper cervical spine.

Subaxial subluxation can cause several abnormalities in
the cervical spine, ranging from spondylolisthesis to cervical
kyphosis and/or a “staircase” deformity due to the destruc-
tion of the facet joints as well as the uncovertebral joint.
Plain X-rays permit us to visualize subaxial cervical spine
abnormalities. Spinal cord compression is rarer than with
upper cervical spine lesions but it can result in more severe
lesions [19].

Pathogenesis

The pathogenesis of RA is heterogeneous and is character-
ized by activation of innate and adaptive immunity. The pres-
ence of autoantibodies is a negative prognostic factor and is
related to more severe clinical manifestations, erosive dis-
ease and increased mortality [20, 21]. The increased mortal-
ity seems to be probably related to the presence of immune
complexes between autoantibodies against citrullinated pep-
tides (ACPAs) and citrulline-containing antigens, leading to
complement activation [22]. The lung seems to be the main
tissue in which the immune response is activated, through
formation of ACPAs, which is increased by smoking. Several
studies have demonstrated an association between smoking
and the presence of shared citrullinated peptides in both lung
and synovial tissue biopsies [23]. ACPAs themselves have a
pathogenetic role, triggering innate immunity by directly
stimulating macrophages (e.g. by binding to toll-like recep-
tors through the bound antigen, by Fc-receptor engagement,
or both). Recent studies have suggested that ACPAs could
promote activation of osteoclasts through development of
immune complex and Fc-receptor involvement or probably
by ligating membrane citrullinated vimentin [24], therefore
directly causing bone loss. In RA, activation of immune
responses leads to development of leucocyte infiltration in
synovial membranes, causing synovial hypertrophy, which
clinically occurs with joint swelling. The cellular composi-
tion of synovitis in RA is heterogeneous, including innate
immune cells (e.g. monocytes, dendritic cells, mast cells and

innate lymphoid cells) and adaptive immune cells (e.g.
T-helper-1 and T-helper-17 cells, B cells, plasmablasts and
plasma cells) [24]. Joint destruction is a consequence of acti-
vation of synovial fibroblasts, which acquire aggressive
inflammatory and invasive features, associated with increased
chondrocyte catabolism and synovial osteoclastogenesis [25,
26]. Ultrasound-guided biopsies of small joints and detailed
molecular analyses (in particular, transcriptomic analyses)
have demonstrated the presence of different subtypes of syno-
vial inflammatory infiltrates—namely, myeloid-dominant,
lymphocytic-dominant and fibroid-dominant infiltrates—pro-
viding new insights into pathogenetic processes, which could
have significant therapeutically implications [27].

The mediators of inflammation that are mainly implicated
in progression of RA are chemokines, cytokines, growth fac-
tors and metalloproteinases. The immune response is charac-
terized by activation and attraction of inflammatory cells
from peripheral blood to the site of inflammation and by sub-
sequent proliferation of synoviocytes. Tumour necrosis fac-
tor (TNF), interleukin 6 and probably granulocyte—-monocyte
colony-stimulating factor play central roles in the develop-
ment and maintenance of the inflammatory process [28].

Activated fibroblasts—in synergy with inflammatory
infiltrates composed of activated T and B cells, monocytes
and macrophages—finally act by triggering osteoclast acti-
vation through the receptor RANKL (receptor activator of
nuclear factor kB ligand, expressed on T and B lymphocytes
and fibroblasts), which interacts with its cognate receptor,
RANK, expressed on preosteoclasts, macrophages and den-
dritic cells [29, 30]. Activation of osteoclasts induces the
appearance of joint erosions by release of proteolytic
enzymes (matrix metalloproteinases). The cartilage matrix is
degraded by matrix metalloproteinases and aggrecanases.
The proteases can consequently infiltrate and damage articu-
lar cartilage, subchondral bone, tendons and ligaments, ulti-
mately leading to instability and subluxation of all of the
joints involved, including the cervical spine.

Clinical Manifestations

Cervical spine involvement in RA is often a silent condition.
Even in the presence of severe cervical spine damage, many
patients may be asymptomatic. Beyond RA-related inflam-
mation in the cervical spine, this site can also be compro-
mised by degenerative age-related disease. Both conditions
occur with almost the same symptomatology, characterized
by neck pain, myelopathy and radiculopathy. Neck pain is
the most frequent symptom reported by patients with spinal
involvement in RA; it occurs in 40-80% of patients [31],
mostly localized at the craniocervical junction. Occipital
headaches are often present as well. Compression of neural
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structures—such as the greater occipital nerve (in C2), the
nucleus of the spinal trigeminal tract and the greater
auricular nerve—can cause occipital neuralgia, facial pain
and ear pain, respectively. Irritation of the lesser occipital
nerve (in C1) can also cause pain in the suboccipital region.
Sometimes patients may complain of a feeling of their head
falling down with flexion and with a clunking sensation,
weakness, reduced endurance and dexterity, gait alterations,
paraesthesias [12, 32] or other symptoms due to cord and
medullary compression, and upper or lower motor neuron
signs, or both.

Axial pain originates from involvement of various com-
ponents of the vertebral column and is due to damage of the
bone and cartilage in the neck or deformities resulting in
misalignment.

Myelopathy describes a constellation of symptoms usu-
ally caused by compression of the brainstem or spinal cord;
earlier symptoms can worsen coordination of hand move-
ments and cause disturbances in balance, a sensation of
heaviness in the lower extremities and gait disorders. Other
clinical manifestations may be difficulty in execution of fine
motor skills—such as buttoning a shirt or inserting a key into
a lock—or a progressive change in handwriting [33].

Neck movements, particularly flexion, can cause the
occurrence of electric shock sensations in the torso and
extremities  (Lhermitte’s sign), or either alone.
Vertebrobasilar insufficiency or mechanical compression of
the cervicomedullary junction can cause symptoms of tin-
nitus, vertigo, visual alterations, disturbances of equilib-
rium, diplopia and dysphagia; the most severe manifestations
of upper cervical spine involvement, caused by vertebro-
basilar insufficiency, are stroke or sudden death, which are
rarely reported [12, 34].

A complete history and physical examination can high-
light bowel and bladder disturbances, movement disabili-
ties, balance and coordination alterations, and/or difficulties
in manual dexterity. Physical examination findings can dif-
fer significantly and have been demonstrated to be variable
in patients with cord compression. Beside Lhermitte’s sign,
suggestive signs of myelopathy are Hoffman’s sign, an
inverted brachioradialis reflex, hyperreflexia, continuous
clonus or more than five beats of clonus, a positive Romberg
sign and/or a Babinski sign, as well as the occurrence of
dysdiadochokinesia, dysmetria or problems with the heel to
shin test and/or the tandem gait test. These signs/symptoms
can be associated with various levels of motor and/or sen-
sory alterations in the upper and/or lower extremities. A
complete neurological examination should be performed,
including all of the aforementioned provocative tests.
Unfortunately, in patients with RA, severe joint involvement
may sometimes prevent a thorough neurological examina-
tion from being done, delaying diagnosis and making it
more difficult [35].

Diagnosis

Patients with RA, even asymptomatic ones, should undergo
an X-ray evaluation in lateral, anteroposterior (AP) and
open-mouth odontoid views, and in lateral flexion—extension
dynamic projections, to assess cervical spine involvement
[12, 36, 37]. Radiographic alterations related to early cervi-
cal spine involvement are most commonly represented by
odontoid erosions, disc narrowing, and atlantoaxial and sub-
axial subluxation [38, 39]. X-ray evaluation permits clear
identification of bone alignment, quality and deformities, but
it has some limitations for identification of bony erosions,
the craniovertebral junction (CVJ) and cervicothoracic junc-
tions (because of superimposition of the cranial base struc-
tures and of the glenohumeral joints) and soft tissue changes
such as pannus and spinal cord compression. In the presence
of radiographic alterations in cervical spine involvement
and/or in cases of neurological symptoms or cervical pain,
computed tomography (CT) scans and/or magnetic reso-
nance imaging (MRI) of the cervical spine are mandatory
[11, 40].

CT scanning with multiplanar reconstruction represents
the gold-standard method for clear visualization of bone
changes (erosions, anatomy, ankylosis and spondylosis) but
has limitations for assessment of soft tissues, the spinal cord
and nerve roots [11, 41]. MRI evaluation is the most sensi-
tive method for evaluation of cervical spine involvement in
RA, especially because it allows better visualization of soft
tissue and neural elements. It should be performed in all
patients with suspected or confirmed radiographic signs of
cervical spine involvement and in patients complaining of
neurological symptoms [42, 43] (Fig. 1). Both CT scanning
and MRI are fundamental for surgical planning.

As reported above, traditional X-ray evaluation, consider-
ing the C1-C2 relationship, includes the ADI; a distance of
<3 mm is considered normal. However, patients with RA,
even asymptomatic ones, frequently have measurements of
5 mm or even up to 10 mm [39]. In this regard, it has been
demonstrated that the PADI is a better predictor of paralysis
and recovery. The PADI, in particular, estimates the greater
amount of space available for the upper cervical spinal cord
[39, 43] (Fig. 2a). The cervical spinal cord occupies 10 mm
of the canal diameter; additionally, it needs 1 mm for the
dura and 1 mm for the cerebrospinal fluid (CSF) anterior to
the cord, and the same posteriorly, for a total of 14 mm.
Compression of the cord occurs when the available space is
<14 mm. X-ray evaluations should include both PADI and
ADI measurements obtained in flexion and extension. Boden
etal. [39] observed a high rate of neurological recovery, after
fusion and stabilization, in patients with a PADI >14 mm,
whereas a PADI <10 mm was related to a worse clinical out-
come. However, neither the ADI nor the PADI can be used to
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assess cord compression caused by soft tissues, such as pan-
nus development in the retro-odontoid space. Thus, spinal
cord compression can be present even in the absence of
abnormalities in plain X-ray measurements.

The possibility of rotatory AAS should be considered in the
presence of asymmetry or lateral displacement of the atlas on
the axis by >2 mm in an open-mouth view or in cases of asym-
metrical collapse of the lateral atlas mass [44]. Fracture of the
dens may be another sign of lateral displacement. A CT scan is
the method of choice for confirmation of the diagnosis.
Diagnosis of cranial settling through X-ray evaluation can
often be very difficult because osseous structures of the cranial
base are superimposed upon the landmarks, particularly in the
cervical spine [44]. Diagnosis of cranial settling may be further
complicated by the presence of erosions of the dens. Plain
X-rays generally allow evaluation of the extent of cranial set-
tling in relation to several parameters based on different ana-
tomical landmarks (Fig. 2). Various parameters are used to
assess cranial settling with plain X-rays, including McRae’s
line, McGregor’s line, the Ranawat index, the Redlund-Johnell
value and the Clark stations. The measurements most com-
monly used are the Ranawat index [45] and the Redlund-
Johnell value [46]. Lateral scanning allows clear visualization
of the anatomical landmarks used for these measurements
(Fig. 2b). An altered Ranawat index most likely matches set-
tling at the C1-C2 level, and the Redlund-Johnell value shows
occiput—C2 changes. In 1989, Clark et al. [47] described a
method involving identification of three equidistant stations of
the odontoid process of the axis. Usually the superior third of
the odontoid is at the same level as, or close to, the anterior ring
of the atlas. With mild cranial settling, the middle third of the
odontoid process is level with the anterior ring of the atlas
(station II). With severe cranial settling, the inferior third of
the odontoid process is level with the anterior ring of the atlas
(station III) [48]. In addition, these authors recommended
considering as positive the results of screening for basilar
impression when at least one of the following three criteria is
positive: the Clark stations, the Redlund-Johnell value or the
Ranawat index. Use of these criteria in combination increased
the sensitivity to 94% and the negative predictive value to
91%. In the presence of a positive result on at least one of the
three criteria, a more detailed study with CT scanning or MRI
is mandatory. However, MRI has replaced CT scanning as the
evaluation of choice in clinical evaluation because of its
greater sensitivity in identifying inflammatory alterations in
the joints and synovial changes, especially at the early stages
of the disease. MRI allows better visualization of soft tissue,
neural structures (the spinal cord and nerve roots) and the
contents of the epidural space, providing further information
for assessment of spinal cord compression [49].

Through triplanar images, MRI permits clear visualiza-
tion of facet subluxations, joint damage and dens dislocation
[50], giving precise information about CVJ relationships.

MRI is also suggested for assessment of the cervicome-
dullary angle: in two studies, patients with an angle <135°
had a diagnosis of cranial settling and myelopathy [51, 52].
In addition, MRI alterations can be useful for prognosis:
T1-weighted spinal cord signal changes are associated with a
poor clinical status and also a poor final postoperative out-
come [52]. MRI is also useful to evaluate pannus regression
after surgical treatment.

Since pannus formation is probably related to articular
hypermobility, fusion of the affected joint can lead to pannus
regression (especially in cases imaged with contrast enhance-
ment) [53]. Dynamic MRI has been used with the patient in
flexed or extended positions and in the traditional neutral
position. Roca et al. recommend performing functional MRI
in a flexed position in patients with RA with suspected cervi-
cal subluxation when routine MRI findings in the neutral
position are normal [54]. Other authors have suggested per-
forming functional MRI as a preoperative examination [55].

Management

The goals of RA treatment are symptom relief and a reduc-
tion in the disease activity rate. Good control of disease
activity is considered to be the primary non-surgical treat-
ment of cervical spine involvement in RA. However, pro-
longed high-dosage use of corticosteroids represents an
independent risk factor for cervical subluxation in RA [56—
59]. Moreover, an elevated incidence of SAS has also been
reported in patients not affected by RA, and it is directly
associated with the duration of corticosteroid exposure.

In a clinical series of 67 patients it was demonstrated that
treatment with disease-modifying antirheumatic drugs
(DMARDs) was correlated with a greatly decreased inci-
dence of cervical spine involvement: reductions of 9% in the
rate of atlantoaxial subluxation, 4% in the rate of basilar
invagination and 2% in the rate of subaxial subluxation were
reported [60]. Combination therapy with different DMARDs
might further reduce the rates of cervical spine involvement.
No cases of atlantoaxial subluxation or basilar invagination
were observed in a study of 195 patients with early RA
treated with more DMARDs during a follow-up period of
2 years, and only 3.5% of these patients were reported to
have subaxial subluxation [61]. These findings suggest that
biological DMARDs might be more useful for preventing
de novo cervical spine involvement than for slowing the pro-
gression of pre-existing pathology [62].

Conservative treatment is the preferred therapeutic strat-
egy in RA patients with cervical spine involvement but
without neurological deficits. When neurological symptoms
and signs are present, surgical treatment should be consid-
ered, evaluating different factors such as age, the severity of
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the disease and the patient’s general condition. Properly
administered anaesthesia is crucial, and surgical treatment
should be performed at centres with expertise in treating
CVIJ abnormalities. Nevertheless, surgical management of
RA is a stimulating field. There clearly has been a reduction
in cases of mutilating RA involving the CVJ, thanks to steady
improvement in surgical procedures.

A successful surgical procedure requires a great deal of
expertise to achieve stable decompression of the
CVI. Therefore, a skilled preoperative evaluation, an appro-
priate choice of surgical procedure, and use of suitable hae-
mostatic and sealant devices and stabilization instruments
are required to achieve the best functional result and avoid
surgical complications [63, 64].

Enlarged transoral approaches—despite being associated
with greater morbidity—are helpful when severe basilar
invagination, cranial extension of the lesion or limited jaw
mobility are present.

The introduction of endoscopy in transoral surgery and
the endoscopic transnasal approach have strongly improved
the outcome of RA patients with rapidly progressive myelo-
pathic symptoms. For those patients with chronic symptoms,
CVI fixation procedures seem to be more suitable both for
stabilization and for secondary progressive pannus reabsorp-
tion [62, 65-68].
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