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Rheumatoid arthritis (RA) is chronic, symmetric, inflammatory, peripheral polyarthritis of unknown 
etiology, typically leading to joint destruction through bony and cartilaginous erosions. Cervical 
spine is commonly engaged in the clinical frame of rheumatoid arthritis, regarding almost exclusive-
ly the upper third of it. Electronic databases PubMed, Scopus, and Google Scholar were searched 
using the following keywords: “rheumatoid arthritis,” “cervical spine,” “pathophysiology,” and 
“treatment,” with the logical operator ‘AND’ utilized between search terms. Additionally, phrases 
such as “rheumatoid arthritis in cervical spine” and “rheumatoid arthritis pathophysiology” were 
used for the search. Supplementary searches were performed to identify any additional pertinent 
articles not covered in the initial search. Through this review we intend to enlighten the presence of 
cervical myelopathy as part of rheumatoid arthritis, describing clinical features, imaging techniques 
and laboratorial examinations as well as treatment options available for this group of patients.
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Introduction
Rheumatoid arthritis (RA) is a chronic autoimmune 
disorder characterized by systemic inflammation, 
primarily affecting the synovial joints. It stands 
as one of the most prevalent autoimmune diseas-
es worldwide, affecting approximately 1% of the 
global population. Although its exact etiology re-
mains unknown, environmental factors, genetic 
predisposition, and immunological dysregulation 
contribute to its development. Females are dispro-
portionately affected by RA, with a female-to-male 
ratio of approximately 3:1 (1). Furthermore, the on-
set of RA typically occurs between the ages of 30 
and 50, although it can manifest at any age, includ-
ing childhood and late adulthood. While commonly 
recognized for its debilitating effects on the hands, 
wrists, and knees, RA can also have profound im-
plications in the upper cervical spine, particularly 
regarding atlantoaxial instability (AAI) and its as-
sociated complications. Significant advancements 
in rheumatoid arthritis research occurred during 
the 20th century, particularly with the discovery of 
disease-modifying antirheumatic drugs (DMARDs) 
and biologic agents. These therapeutic break-
throughs revolutionized the management of RA, 
offering patients improved symptom control and 
disease modification. (2) The pathophysiology of 
rheumatoid arthritis involves a complex interplay 
οf genetic susceptibility, environmental triggers, 
and immune dysregulation. In RA, the immune 
system mistakenly targets the synovial membrane 
lining the joints, leading to chronic inflammation, 
synovial hyperplasia, and joint destruction. Au-
toantibodies such as rheumatoid factor (RF) and 
anti-citrullinated protein antibodies (ACPAs) play 
pivotal roles in the pathogenesis of RA, contribut-
ing to the formation of immune complexes and per-
petuating the inflammatory cascade (3). 

Within the context of the upper cervical spine, 
rheumatoid arthritis can result in atlantoaxial insta-
bility (AAI), a potentially life-threatening complica-
tion characterized by abnormal movement between 
the atlas (C1) and axis (C2) vertebrae. Instability in 
this region can lead to spinal cord cοmpression, ver-
tebral artery compromise, and neurological deficits, 
underscoring the critical importance of early detec-

tion and intervention (4). In summary, rheumatoid 
arthritis represents a multifaceted autoimmune dis-
ease with diverse clinical manifestations, including 
upper cervical spine involvement. 

A literature search was conducted to identify all 
relevant articles pertaining to the topic, associated 
with the specified search criteria. The electronic 
databases utilized included PubMed, Scopus, and 
Google Scholar. The literature search was conduct-
ed using predetermined keywords carefully chosen 
to encompass all facets of the subject under inves-
tigation. The keywords employed were “rheuma-
toid arthritis,” “cervical spine,” “pathophysiology,” 
and “treatment,” with the logical operator ‘AND’ 
utilized between search terms. Additionally, phras-
es such as “rheumatoid arthritis in cervical spine” 
and “rheumatoid arthritis pathophysiology” were 
used for the search. Supplementary searches were 
performed to identify any additional pertinent ar-
ticles not covered in the initial search. The design 
and execution of this review adhered to the PRIS-
MA guidelines.

Study selection
Two independent authors conducted the study 
selection process, engaging in a thorough abstract 
screening to eliminate articles not pertinent to the 
investigated subject. Subsequently, the same two 
authors reviewed the full text of the identified ar-
ticles, with a focus on inclusion criteria such as 
English language and full-text availability. Specif-
ically, this review encompassed all relevant studies 
exploring the influence of rheumatoid arthritis on 
the upper cervical spine, particularly with regard 
to atlantoaxial instability and associated complica-
tions. 

Discussion
Clinical Features
The clinical appearance of cervical disorders in RA 
is not a typical initial manifestation due to the fact 
that such findings regarding local neck pain, stiff-
ness, decreased range of motion and compressive 
myelopathy tend to appear later on as the primary 
disease leads further into more advanced condi-
tions and severe complications. At the same time, 
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it is important to keep in mind that asymptomatic 
cervical spine involvement meets up to 33% - 50% 
of the RA patients (5-7). Given that, it is necessary to 
keep a high suspicion about cervical spine compli-
cations in RA patients as a well-timed recognition 
may offer proper management and treatment.

High neck pain, specifically in the craniocervical 
joint, is the most common symptom in these cas-
es, followed by occipital headaches. Additionally, 
many patients complain about crepitations in this 
anatomical region as well as a sensation that their 
head is “falling forward” when bending over, find-
ing that can be reproduced with appropriate physi-
cal examination.

In general, symptoms related to the upper cervi-
cal spine depend on the pathophysiology behind 
each particular phase of the disease. Synovitis and 
oedema are the initial disorders causing pain and 
stiffness in this anatomical region, while afterwards 
a new stage of the disease comes forward including 
bony erosions, destruction of the articular surfac-
es and thus joint instability progressively leading 
to spinal stenosis and myelopathy. Regarding the 
later, atlantoaxial instability and subluxation is the 
commonest deformity (AAI) met in half of these pa-
tients. Suboccipital pain, typically a consequence of 
C2 nerve root involvement, is associated with AA 
(C1-C2) subluxation, causing C2 radicular pain, 
which is the commonest radiculopathy that occurs 
in RA (8,9). The other half suffers from various sub-
axial deformities leading to subluxations (SAS) giv-
ing the impression of a stepladder deformity.

The neurological deficit caused by myelopathy is 
of critical importance to be noticed as the mortality 
and morbidity rate that follows is very high. Weak-
ness, muscle atrophy, numbness, bowel-bladder 
disorders, paresthesia, loss of proprioception, spas-
ticity, hyperreflexia and abnormal reflexes such as 
plantar reflexes or Hoffman’s reflex may occur and 
therefore raise the suspicion regarding the cervical 
spine involvement. Particularly patients with spinal 
compression from the upper third of the cervical 
spine may present Lhermitte’s sign, also known as 
“barber’s chair phenomenon”, which is a sensation 
of a transient electric chock that runs downwards 
from the cervical to the lumbar spine and the ex-

tremities upon neck flexion. Moreover, patients 
with severe compression may suffer from symp-
toms related to joint-instability-induced nerve com-
pression, such as dysphagia due to compression of 
the vagus and glossopharyngeal nerves but also 
dysarthria due to compression of the hypoglossal 
nerve. Other neurological deficits include symp-
toms related to compression of the trigeminal tract 
resulting to facial dysesthesia and/or facial pain, 
syringomyelia, locked-in syndrome and even sud-
den death (1,10,11). There are several classifications 
and score-systems related to cervical myelopathy 
(Ranawat, Nurick, Japanese Orthopaedic Associ-
ation, European Myelopathy Score). The Ranawat 
classification is the commonest in use at present.

Imaging Techniques
Radiological imaging has a fundamental role in the 
diagnosis of cervical spine pathologies, with classic 
radiography being a first-line approach. Magnetic 
resonance imaging (MRI) and computer tomogra-
phy (CT) are used for more precise evaluation of 
soft tissues and bones respectively. MRI has the pos-
sibility to show early inflammatory changes such as 
effusions, synovitis, bone marrow edema (BME), 
and the relation of spinal lesions to brain stem, spi-
nal cord, and nerve roots, whereas CT is the most 
precise technique for complex bone anatomy. 

Plain Radiography: Plain radiographs are still in 
use regarding screening techniques about cervical 
spine involvement in RA. AAI accounts for approx-
imately 65% of the total subluxations of the spine 
(1,12). Measurement of the anterior atlanto-dental 
interval (AADI) is defined as the distance from the 
posterior margin of the anterior ring of C1 to the an-
terior surface of the odontoid. Posterior atlanto-den-
tal interval (PADI) reflects the distance from the pos-
terior aspect of the odontoid to the anterior margin 
of the lamina of C1 are used to evaluate the AAI us-
ing lateral fluoroscopy. The normal value of AADI 
in adults should be less than 3 mm (13), while AADI 
> 5 mm is an indicator of clinically significant AAS 
instability. It is important to note that the reliability 
of AADI as an indicator of atlantoaxial instability is 
limited in patients with cranial settling. In this case, 
AADI might be mistakenly regarded as decreased 
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when in fact the patient suffers from severe insta-
bility (14). PADI on the other hand is a good mea-
surement of the available space for the spinal cord 
in relation to its bony elements. The PADI is most 
accurately assessed with CT imaging in the sub-
luxed, usually flexed, position. The space available 
for the cord may be less than the PADI as assessed 
on plain films or CT because soft tissue pannus may 
also contribute to cord compression (15).

There are several measurements that try to quanti-
fy the vertical subluxation of the odontoid. Though 
not a single one high sensitivity or specificity. Com-
bination of measurements seem to have the greatest 
predictive power (16). The four commonest mea-
surements are those of McRae, McGregor, Cham-
berlain, and Redlund-Johnell (15).

Computed Tomography: Computed tomography 
enhances the understanding of the complex anat-
omy of the cranio-cervical junction, including the 
atlanto-occipital joint, atlantoaxial joint, interver-
tebral joints, uncovertebral (Luschka) joints, and 
apophyseal joints. Multiplanar CT is optimal for the 
detailed visualization of anatomical variants, cysts, 
erosions, dens fractures, and subluxations, includ-
ing the most challenging for radiography, the at-
lanto-axial level. Although CT is superior in the as-
sessment of bony and soft tissue involvement when 
compared to plain radiography, it is still confined 
in comparison to MRI, mostly regarding the spinal 
cord and nerve-root imaging.

Magnetic Resonance Imaging: MRI is considered 
the gold standard for spinal cord and nerve-root 
imaging. Fluid-sensitive sequences with fat satu-
ration are preferred for visualizing bone marrow 
oedema. Typical MRI protocols include sagittal 
T1- and T2-weighted sequences, T2 STIR and ax-
ial T2-weighted images. Optionally, the coronal 
T2-weighted sequence can be used, primarily to 
evaluate lateral subluxation. Furthermore, sagittal 
post-contrast T1-weighted images can be used to as-
sess active inflammatory lesions, mainly synovitis. 
MRI shows cysts, erosions of the dens or spinous 
processes, or vertebral endplates and spinal cord 
involvement in the C-spine. Functional MRI of the 

C-spine that includes flexion, extension, and neutral 
positions is possible, but it is not used in routine 
practice (17,18).

Treatment
Indications: The indications for surgery in patients 
with rheumatoid arthritis get modified as the re-
search progresses. Nowadays, the AO Spine Foun-
dation recommends that surgery should be consid-
ered in patients presenting with myelopathy, C1-C2 
subluxation with mobility between both vertebrae, 
progressive neurological deficit, instability with the 
risk of neural element compression, and chronic in-
tractable pain unresponsive to analgesics. Surgical 
intervention can lead to significant improvement in 
symptoms, particularly in pain reduction (19-27). 
An older study by van Asselt KM et al recommend-
ed surgery for patients with Ranawat classes IIIA 
and B, as neural improvement is possible and may 
result in improved mobility (28). 

Surgical goal: The primary goals of surgery are 
to relieve neurologic compression and eradicate 
instability, preventing further neurologic decline 
(27,29). According to a more recent model proposed 
by Goel, the primary pathogenesis point causing 
lateral mass collapse and buckling of the posterior 
longitudinal ligament, resulting in the formation 
of a pannus, is instability manifested at the facets. 
In rheumatoid arthritis (RA), addressing the ret-
ro-odontoid pannus directly may not be necessary, 
and surgical efforts should be focused on the atlan-
toaxial instability (AAI) (20,30). The primary goal of 
cervical reconstruction surgery in RA patients is to 
eliminate instability by achieving both immediate 
and long-term stability. Many studies have shown 
that pedicle screw fixation and C1/2 transarticu-
lar screw fixation are biomechanically superior to 
other conventional procedures involving wiring or 
clamping (31-35). Restoring anatomical cranioverte-
bral alignment in atlantoaxial dislocation patients 
can be achieved by manually distracting the facets 
of the atlas and the axis and placing bone graft or 
metal spacers within the joint, coupled with atlan-
toaxial screw fixation (20,36,37). In C1–C2 verti-
cal instability, decompression of the spinal cord is 
achieved either directly by resecting the odontoid 
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process or indirectly through reduction of the defor-
mity with C1–C2 facet spacers. For subaxial instabil-
ity, long instrumentations are preferred over short 
ones, with pedicle screws at the cranial and caudal 
points of the fixation (e.g., C2 to Th2–3) (20).

MacDowall et al studied the results of surgery on 
a national cohort of 176 patients with cervical man-
ifestation of RA. Regarding electromyostimulation 
(EMS), the only group that showed improvement 
one year after surgery was the C1–C2 horizontal in-
stability group. The C1–C2 vertical instability group 
improved two years after surgery but regressed to 
baseline values at five years of follow-up. Reasons 
for reoperations included pseudarthrosis or implant 
failure, infection, chronic implant-related pain, re-
sidual or restenosis, and postoperative bleeding. Im-
plant failures caused by laminar hooks were identi-
fied as the most dangerous. All groups exhibited 
improvement in pain and quality of life after fusion 
surgery, but successful management of myelopathy 
was achieved only within the C1–C2 horizontal in-
stability group. Despite recommended treatment 
methods for C1–C2 vertical instability, 63% of pa-
tients in the Swespine registry underwent posterior 
fusion only, even though these results are known to 
be unsatisfactory. This high percentage of posterior 
fusion as the chosen treatment method is likely why 
the C1–C2 vertical instability group did not expe-
rience improvement in myelopathy after surgery 
(20,38).  A study by van Asselt KM et al observed 
over a two-year follow-up period the clinical effects 
of cervical spine surgery for occipital neuralgia in 
patients with rheumatoid arthritis (RA). The avail-
able data on the percentages of patients achieving 
pain relief through surgery were limited, but gen-
erally, operations were successful in most patients, 
ranging from 78% to 92%. The study emphasizes the 
importance of observing the effects of neck surgery 
over an extended period. After two years, 82% of 
surviving patients with occipital neuralgia alone re-
mained free of pain, supporting the argument for 
performing neck surgery in RA patients with this 
specific condition. However, in patients with occipi-
tal neuralgia combined with cord compression, only 
78% and 50% were pain-free three months and two 
years postoperatively, respectively, indicating that 

the pain-relieving effect of surgery is less evident 
in patients with more extensive disease. This obser-
vation may be related, among other factors, to the 
progression of the underlying disease. The study 
suggests that surgery may be particularly useful for 
pain relief in patients with occipital neuralgia alone. 
Nonetheless, the study acknowledges the relatively 
small number of studies for patients with cervical 
myelopathy, the percentage of patients with neu-
rological improvement varied from 44% to 89%. In 
this study, postoperative neurological improvement 
was observed in 73% and 67% of surviving patients 
with cervical myelopathy (with or without occipital 
neuralgia) three months and two years after surgery 
(28). Atlantoaxial stabilization can be approached ei-
ther anteriorly or posteriorly, depending on factors 
such as the site of compression and the surgeon’s 
preference (39). Sunahara et al. emphasized the vital 
role of cervical spine surgery in a study involving 21 
RA patients not treated surgically; 16 of them expe-
rienced deterioration, and the chance of surviving 7 
years after myelopathy onset was 0% (40). Surgery 
has also been effective in addressing pannus regres-
sion, an inflammatory complication of RA. Bydon 
et al. demonstrated a 44% decrease in the mean 
volume of pannus in patients undergoing posteri-
or fusion, with or without decompression (13,41). 
Patients undergoing surgery for RA are frequent-
ly on various rheumatoid medications, including 
nonsteroidal anti-inflammatory drugs (NSAIDs), 
corticosteroids, methotrexate, and biological agents 
(tumor necrosis factor-α and interleukin-1 antago-
nists), which can hinder fusion success. Discontin-
uing these medications is often impractical due to 
the risk of flare-ups. However, corticosteroids have 
been shown to impair bone and wound healing (42), 
methotrexate may affect bone healing (43), and bi-
ologics increase the risk of opportunistic infections 
(44). Previous studies indicate that surgical out-
comes are more favorable in patients with less pre-
operative impairment and that the outcomes of sur-
gery for the rheumatoid cervical spine vary based 
on different diagnoses (27,45). Analyses stratified 
by dichotomous preoperative variables revealed 
that the presence of steroids, methotrexate, biolog-
ics, and prednisone dosage less than 7.5 mg did not 
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Figure 1 

 

 
significantly affect outcomes. However, prednisone 
dosages ≥7.5 mg were associated with significantly 
smaller improvements in Nurick score compared 
to patients not on steroids or those on prednisone 
dosages <7.5 mg (0.40 vs. 1.36, p=0.042). Similarly, 
patients on biologics showed significantly small-
er improvements in Nurick score compared to pa-
tients not on biologics (0.27 vs. 1.16, P = 0.038) (46).  

Studies also showed that early intervention before 
cranial settling decreases the risk of future instabil-
ity (27,47). Although surgical treatment may offer 
potential benefits, further studies are needed to es-
tablish their role in managing rheumatoid patients. 
Generally, better surgical outcomes are observed in 
patients with less preoperative impairment. Prog-
nostic factors include Ranawat classification, spinal 
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cord area, PADI, advanced age, atlantoaxial insta-
bility, and postoperative complications (23,47-51).

Complications
The study of van Asselt KM et al (2001) suggests 
that the causes of death were mostly not related 
to surgery or due to the aggregation of myelopa-
thy, making the best-case value more likely to be 
closer to the true value (28). A recent trial (2022) 
demonstrated similar outcomes following anteri-
or and posterior surgical approaches, with higher 
complication rates for the former, primarily due to 
postoperative dysphagia and dysphonia (52). Con-
cerns about the safety profile of surgery in patients 
with RA or AS are raised, considering the potential 
impact of medical treatments on surgical outcomes 
and an increased risk of complications. The study 
notes that patients with RA or AS had an elevated 
risk of complications after surgery, emphasizing 
the importance of clear communication with pa-
tients about these risks before undergoing surgery 
(53). Fortunately, life-threatening complications 
and early reoperations were rare. Another study 
aimed to identify risk factors for complications in 
patients with RA undergoing various cervical spine 
surgeries. The prevalence of complications was 
20.1% in this study. It was newly found that short 
height, high ASA-PS, short disease duration of RA, 
and long fusion procedures could be risk factors for 
perioperative complications (54-56). Moreover, for 
severe complications, administration of high-dose 
prednisolone, existence of SAS, OC fusions and 
long fusions were suggested as risk factors. Howev-
er, there have been only a few reports that shorter 
patients were at higher risk for perioperative com-
plications, as shown in coronal and carotid endar-
terectomy (57). A study by Sakuraba et al showed 
that the mean value of ASA-PS was significantly 
higher in patients with perioperative complications 
than in patients with no complications (58). Physi-
cal constitution could affect perioperative compli-
cations and anesthesia management, such as have 
a direct impact on issues related to surgery as the 
surgical field can be limited, knowing that height 
and BSA have been shown to correlate with the 
diameter of the common carotid artery, and addi-

tionally studies show that obesity correlates with 
comorbidities in patients with RA and periopera-
tive complications after various surgeries (59-65). A 
series of studies show that the duration of RA may 
affect the incidence of perioperative complications. 
More specifically they show that a shorter dura-
tion of RA may correlate with higher incidence of 
perioperative complications than in patients with 
longer duration. However, the mean disease du-
ration of RA at the time of cervical spine surgery 
was 17.6 years in the complication group and 20.2 
years in the no-complication group. It is challeng-
ing to determine the clinical significance of this 2.5-
year difference over such a long disease duration. 
A possible reason might be related to the features 
of cervical spine lesions in patients with RA. Most 
studies have reported that cervical spine lesions 
are a feature of longstanding rather than early dis-
ease, generally becoming apparent ten years into 
the natural history of RA (58,66-67). Another study 
recommended that the use of laminar hooks should 
be avoided with the exception of atlas claws, which 
showed no complication rate of loosening or dislo-
cating, because they were found to have the most 
dangerous postoperative complications, exposing 
patients to higher risks than those associated with 
pseudarthrosis after screw fixation (20).

Conclusion
In conclusion, the recognition of cervical symp-
toms in rheumatoid arthritis (RA) patients, de-
spite their often-late onset, is crucial due to the 
high prevalence of asymptomatic cervical spine 
involvement. Understanding the pathophysiologi-
cal phases of RA aids in identifying symptoms and 
employing timely interventions. Neurological defi-
cits demand prompt recognition, with diagnostic 
imaging playing a pivotal role in identifying cervi-
cal pathologies, despite certain limitations. While 
surgical interventions offer potential benefits for 
RA patients with cervical manifestations, challeng-
es exist, including implant failures and medication 
impacts on fusion success. Further research is war-
ranted to elucidate optimal treatment strategies 
and mitigate perioperative risks in RA patients 
with cervical disorders.
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