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aBstract

better imagiological improvement when compared to
wiring ones.

Aim: Cross-sectional study that aims to evaluate the results of cervical spine surgeries due to rheumatoid
arthritis (RA) instability, between January of 2000 and
of 2012 in a main Portuguese centre.
Methods: Patients followed on Rheumatology department submitted to cervical spine fusion due to atlantoaxial (AAI), sub-axial (SAI) or cranio-cervical (CCI) instabilities between 2000-2012 were included. Information about the surgical procedure and associated
complications was gathered. Imagiologic and clinical
indexes before and after surgery (as anterior and posterior atlanto-axial interval and Ranawat index) were
evaluated and compared using adequate statistics.
Results: Forty-five patients with RA were included: 25
with AAI, 13 with CCI and 7 with SAI. Ten AAI and 4
CCI patients were submitted to wiring stabilization
techniques; 15 AAI and 9 CCI patients to rigid ones;
and in all patients with SAI an anterior cervical
arthrodesis was chosen. There is a significant increase
in PADI and a decrease in AADI in the postoperative
evaluation (p<0,05) that only remains significant when
rigid systems were used. After surgery the Ranawat index decreased (p<0,05) and no patient showed a deterioration of neurological condition. The complication
rate was of 23,1%, with 5 mal-unions.
Conclusion: Surgical management of cervical column
instabilities in patients with rheumatoid arthritis is a
relatively safe procedure, with a high rate of neurologic improvement. Rigid techniques seem to lead to a
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Background
Rheumatoid arthritis (RA) is the most prevalent chronic inflammatory joint disease, with an estimated
prevalence of 1%. It has an unknown aetiology and affects several joints. When concerning axial regions, cervical column (CC) is the most affected segment, following only feet and hands in general joint RA involvement1-3. Furthermore, RA is the most common CC
inflammatory pathology4.
Although RA is more common in females, the literature shows that advanced CC disease is more common
in men5. RA causes ligament degenerescence, mainly
in upper CC, leading to an increased laxity, instability
and subluxation of vertebral bodies6-8. CC affection, can
present in 3 different ways, sometimes conjoined. The
atlanto-axial instability (AAI), between C1 and C2, is
the most common one, appearing in around 65% of
patients. Sometimes it is associated with cranio-cervical instability (CCI), which appears in 20% of patients9.
The less frequent one, sub-axial instability (SAI) can be
seen in almost 15% of patients.
CC involvement in patients with RA can lead to lifethreatening situations, with neurologic deficits and comorbidities that make the early diagnosis a clue step in
what concerns to RA patients’ management. The surgical approach has as primary goal the stability of the CC,
in order to avoid progression of neurologic damage. Although not being clearly defined when a patient should
be referred to surgery, recent publications showed that
early referral is more effective in preventing additional
damage10,11.
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This cross-sectional study aims to evaluate the results
of CC surgeries due to RA instability, between January
of 2000 and of 2012 in a main Portuguese centre.

IIIB: quadriparetic and unable to walk, bedridden, or
requires the use of a wheelchair)12.
Bone fusion was defined as the presence of bony
bridge between adjacent vertebra and absence of movement. When not present it was considered as non-union.
Statistical analysis was performed using SPSS v2113.
Continuous variables were analysed with T-test and
non-parametric equivalents as needed. Categorical
variables were analysed using Qui-square. Ranawat index was converted in a numeric scale from 1 to 4 (with
correspondence to the index graduation).

MEthods
A retrospective analysis of clinical files of all patients
with RA followed on Rheumatology Unit was performed, and those submitted to a CC fusion due to
AAI, SAI or CCI, between January of 2000 and 2012
where included. When data was not available on the
clinical records, patients were contacted. Patients
whose records had relevant missing clinical or imagiological data were excluded.
Records were searched for: demographic characteristics, type of instability and surgery performed, clinical state before the surgery and in the most recent
appointment, Ranawat neurologic index12 and surgical
complications, as vascular or neurologic lesions, infection, re-operation and non-union. X-rays and CT
where evaluated for: anterior atlanto-axial interval
(AADI), posterior atlanto-axial interval (PADI), Ranawat line, all before surgery and in the last follow-up
visit. Rates and between-evaluations changes of individual parameters were calculated, when applicable.
Ranawat neurologic classification is used to describe
the severity of neurologic impairments as a result of an
inflammatory disease. It consists of 3 classes: class I:
patients have no neurologic deficits; class II: patients
have subjective weakness with hyperreflexia and/or
dysesthesia; and class III: patients have objective findings of weakness and longtract signs (IIIA: able to walk,

rEsuLts
The inclusion process, as well as imagiologic indexes
measured, are available on Figure 1. Demographic data
and additional results are showed on Table I.
Forty-five patients followed on Rheumatology department where included (1%) and represent those
with RA that were submitted to surgical management
of CC affection. Their mean age was of 53.4 years. Thirty were females (vs 15 males, p<0.05). Twenty-five patients presented with AAI (55.6%), 13 with CCI
(28.9%), and 7 with SAI (15.6%).
Among patients with AAI, 10 were submitted to surgical procedure using wiring techniques (Brooks or
Galie) and 15 with rigid methods (2 using Magerl
method, 5 using Harms method and 8 with Wright).
When concerning CCI, 4 patients were submitted to an
occipitocervical fusion using wires, and 9 using rigid
systems (plates, rods and screws). Finally, patients with
SAI (n=7) were all submitted to cervical arthrodesis by

taBLE I. charactErIstIcs of thE popuLatIon

Age at surgery
Mean Age
Male
Comoribidities
Bone Fusion
Re-intervention
Complications – short term
Complications – long term
Instability C1-C2
Reductible

CCI (n=13)
51.9 (11.5)
59.9 (11.5)
53.8%
54.5%
76.9%
22.2%
44.4%
7.7%
53.8%
71.4%

AAI (n=25)
53.4 (11.2)
58.04 (13.8)
24.0%
60.9%
88.0%
13%
16.4%
16%
100%
87%

SAI (n=7)
53.7 (7.4)
58.7 (9.4)
28.6%
57.1%
100%
0%
14.3%
14.3%
28.6%
100%

Results presented as Mean (SD) or percent of overall sample
CCI: cranio-cervical instability; AAI: atlanto-axial instability; SAI: sub-axial instability
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Total
53.4 (10.6)
58.7 (12.3)
33.3%
58.5%
86.7%
12.8%
23.%
16.2%
86.5%
86.5%
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and anterior approach with bone graft and plate fixation. In situ stabilization was performed in patients
with an irreducible instability (13.5% of all patients).
Bone fusion occurred in 86.7% of cases, with no
significant results when comparing patients according
to the type of instability. However, there is a statistically

significant difference when comparing the fusion rates
according to surgical technique chosen (p<0.05).
The differences in AADI, PADI and Ranawat line before and after surgery are available on Figure 1. When
looking to the group with AAI and CCI instabilities,
there is a significant increase in PADI and a decrease in

fIgurE 1. Inclusion process and measured imagiologic indexes
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Preoperative

taBLE II. ranawat IndEx BEforE and aftEr surgEry

Grade 1
Grade 2
Grade 3a
Grade 3b
Total

Grade 1
10
17
0
0
27

Ranawat Index
Postoperative
Grade 3a
0
0
2
1
3

Grade 2
0
2
3
0
5

Grade 3b
0
0
0
0
0

Total
10
19
5
1
35

CCI: cranio-cervical instability; AAI: atlanto-axial instability; SAI: sub-axial instability

AADI after surgery evaluation (p<0.05). However,
when patients are grouped according to the type of instability (AAI or CCI), this difference only persists in
AAI group, with a positive variation in this value (mean
+2.07, p<0.05). When the evaluation was performed
considering the type of surgery, only the rigid systems
showed a significant increase in PADI and decrease in
AADI (p<0.05).
The Ranawat index was available in 35 patients
(Table II). None of these showed a progression on neurologic score, and 60% had some kind of improvement, raising 1 or 2 degrees. In after-surgery evaluation, the number of patients showing neurologic recovery is significantly higher than those showing the
same Ranawat index score (p<0.05). When analyzing
the subgroup of patients with AAI (n=22, 68% of
recoveries, p<0.05) and with SAI (n=7, 43% of recoveries, p<0,05), both of these groups showed a signiicant neurologic improvement, what was not observed
in patients with CCI (n=6, 50% of recovery). The same
tendency for a signficant neurologic recovery is also
present when evaluating the surgical techniques, with
both rigid systems and arthrodesis techniques
(p<0.05). However, this improvement is not statistically significant with wiring systems. Additionally, we
observed that patients with a higher pre-operative
Ranawat index (3a or 3b) showed an evolution that is
not significantly different from the one present in patients with less neurologic affection (Grade 1 and 2)
(p>0.05).
The complications rate was of 23.1% (Table I).
Three occurred in the immediate post-surgical period,
with 2 vertebral artery lacerations, and 1 intra-canalar
screw. Six patients were diagnosed with non-union.
Five non-unions happened with less rigid systems and
1 with rigid ones (p<0,05). Five of these patients had

been already submitted to revision surgery, 3 patients
were treated with wiring and 2 with rigid techniques.
In the last evaluation all showed bone fusion.
Additionally, there is a significant difference in the
type of complications when comparing rigid with
wiring systems, with the first showing more peri-operative complications and the second resulting more
frequently in non-unions.

dIscussIon
This study showed that the surgical management of
RA patients with CC instability leads to a significant
clinical and imagiological improvement.
When concerning the group of patients with AAI or
CCI instabilities we observed a significant post-operatory increase in PADI and decrease in AADI. These results were only significant in patients submitted to a
rigid fixation when evaluating specific subgroups
according to the type of surgery. AADI and PADI variations were also shown in previous articles, being easily understood, since the surgery aims an anatomic
restoration of the vertebral relations, what leads to
neurologic improvement14. When concerning the type
of instability, only patients with AAI showed a significant increase in PADI (p<0.05), which is also explainable by anatomic features. It is known that PADI has a
strong correlation with neurologic damage, being the
best predictive value in respect to neurologic improvement15. This leads to the possibility that patients
submitted to rigid fixation may have better outcomes,
what goes along with the better Ranawat index values
achieved with rigid techniques.
Neurologic compromise is one of the most important criteria in what comes to patient’s referral for
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surgery16. In this study no patients with pre-operative
neurologic affection showed deterioration of their neurologic state, with 60% having some kind of recovery
(p<0.05). Similarly, previous reports showed that conservatively treated patients have a worse prognosis,
with higher mortality and lower probability of neurologic improvement17-22, especially those with higher
Ranawat index values. Furthermore, we observed that
the neurological improvement seems to be independent of the patent’s initial Ranawat state, what may
show that surgery can be benefic in any disease phase.
However, while neurologic improvement occurs in any
Ranawat grade, it is known that the sooner the patients
are submitted to surgery, the better is the final outcome,
since they have less pre-operative neurologic impairment, and consequently, higher odds of retrieval their
full capacities10,20,24. Although no patient had a decline
in Ranawat index after surgery, only patients with a
rigid fixation system had a significant improvement in
their index (p<0.05), when evaluating the type of
surgery. This contrasts with previous reports showing
neurologic improvement in patients submitted to
wiring techniques14. However, our overall result goes
along with previous statements of surgical treatment a
major option for RA patients14.
Additionally, this study showed that all non-union
were properly treated in revision surgery and that no
death occurred as a result of the surgical procedure,
what reinforces the idea that CC surgery is a relatively
safe procedure and that patients should be referred to
surgical treatment in earlier disease states, what is
known to lead to better surgical outcomes and lower
complication rates23,25-28.
The number of patients included in our study was
reduced, since only 1% of patients with RA followed in
rheumatology outpatient clinic were proposed for cervical stabilization during the period studied. Previous
works showed that around 85% of patients with RA
have CC affection29. This under-reference can be mainly due to a divergence of opinion as to when surgery is
appropriate, since radiological progression is unpredictable and there is a poor correlation between an increasing atlanto-dens interval and the development of
neurological signs11,15,30,31. Another possible accounting
factor the introduction of new conservative therapies
such as the biologic and RA disease-modifying drugs.
It was shown that these may delay the appearance of
CC changes20,21, but don’t stop the progression of preexisting instabilities32. Although new conservative treatments are available it is suspected that many patients

referral for surgery is delayed, what can not only compromise their quality of life, but also affect their prognosis, since presence of untreated myelopathy in patients referred for surgery accounts for a worse prognosis and outcome, with less neurologic recovery and
higher death rates33. Particularly, in patients with any
kind of neurologic impairment, surgical treatment has
been proved to be the only one that both prevents and
reverses damage evolution10,34,35. Additionally, Agarwal
et al. showed that earlier surgery prevents further progression of the instability, since their series ended up
with no CCI appearing after prophylactic atlantoaxial
fixation in patients with AAI36.
However, no consensus being available on optimal
timing for surgical intervention24, this study goes along
with many others that showed that better neurologic
outcomes can be expected if the patient is submitted to
surgical treatment in earlier stages of CC affection.
In general, this study showed that CC surgical
management in patients with RA is a relatively safe procedure, with a high rate of neurologic improvement.
Surgical techniques should be decided in an individual
approach, but our results showed that rigid techniques
may have some advantages over wiring ones.
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