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Study Design: Retrospective chart review.
Purpose: This study evaluated long-term surgical outcomes of computer-assisted reconstruction using transarticular or cervical 
pedicle screws for cervical spine lesions caused by advanced rheumatoid arthritis (RA).
Overview of Literature: We routinely employ C1–C2 transarticular and cervical pedicle screw instrumentation to reconstruct ad-
vanced and unstable RA cervical lesions. However, few reports are available on the long-term results of surgical reconstruction for 
rheumatoid cervical disorders, particularly regarding cervical pedicle screw fixation.
Methods: Six subjects (all female) with RA cervical lesions who underwent atlantoaxial or occipitocervical fixation and were fol-
lowed for at least 10 years were retrospectively studied. A frameless, stereotactic, optoelectronic, computed tomography-based 
image guidance system was used for correct screw placement. Variables including the Japanese Orthopaedic Association score, 
EuroQol, Ranawat value, and C2–C7 angle before and 2, 5, and 10 years after surgery were assessed along with the occurrence of 
subaxial subluxation (SAS).
Results: Mean age at initial surgery was 58.2±7 years (range, 51–68 years), and mean follow-up period was 141±11 months (range, 
122–153 months). Lesions included atlantoaxial subluxation (AAS, n=2) and AAS+vertical subluxation (n=4). Mean C2–C7 lordotic 
angle before and 2, 5, and 10 years after surgery was 20.1°±6.1°, 21.0°±4.0°, 18.8°±4.7°, and 17.8°±5.3°, respectively. SAS did not 
occur in cases maintaining the C2–C7 lordotic angle. In two cases where the C2–C7 lordotic angle declined from 5 years postopera-
tively, SAS occurred at the C2–C3 level in one and at the C4–C5 level in the other, both of which required reoperation.
Conclusions: Patients with rheumatoid cervical lesions who undergo atlantoaxial or occipitocervical fixation using C1–C2 transar-
ticular or pedicle screws carry a risk of SAS for up to 10 years postoperatively, which may require reoperation.
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Introduction

Rheumatoid arthritis (RA) is a chronic inflammatory 
joint disease of unknown etiology that is characterized by 
erosive synovitis. Synovial inflammation can lead to joint 
erosion and deterioration of periarticular soft tissues, 
which are integral for joint stability. Damage to ligaments 
and joints causes various forms of instability [1,2]. Cervi-
cal spine involvement in patients with RA is a common 
complication that often results in anatomical deformities, 
particularly those of the upper cervical spine [3], with ra-
diological cervical spine involvement being present in up 
to 86% of all patients with RA [4,5]. Isolated atlantoaxial 
subluxation (AAS) occurs in the early disease stages. With 
further progression, osseous joint destruction can lead 
to vertical subluxation (VS). However, while affliction of 
the middle and lower cervical spine can cause subaxial 
subluxation (SAS), neurological deficits may occur at any 
time [6]. In one study, the incidences of VS and SAS in RA 
were significantly increased during a 5-year follow-up pe-
riod [7]. These disorders could result in severe symptoms, 
including occipital/neck pain, quadriplegia, and respira-
tory muscle paralysis. In such cases, C1–C2 transarticular 
screw fixation or occipitocervical fixation and neurologi-
cal decompression may be indicated.

We have routinely used a computed tomography (CT)-
based computer navigation system for planning and 
screw insertion into the C1–C2 transarticular joint or 
cervical pedicles to avoid severe injury to neural and vas-
cular structures. We had previously examined mid-term 
outcomes using this method and reported good clinical 
results 2 years after surgery that had somewhat decreased 
5 years postoperatively [8]. However, long-term data (i.e., 
10 years or more) for surgical reconstruction of rheu-
matoid cervical disorders have been scarce. This study 
therefore aimed to evaluate long-term surgical outcomes 
of computer-assisted surgical reconstruction for advanced 
RA cervical lesions, with particular focus on SAS develop-
ment.

Materials and Methods

Between January 2004 and June 2006, nine consecutive 
patients underwent C1–C2 transarticular screw fixation 
or occipitocervical fixation using pedicle screws for RA 
cervical lesions (AAS or AAS+VS) at our Shinshu Univer-
sity Hospital. Among them, one patient died and two were 

lost to follow-up. The remaining six patients (all female; 
mean±standard deviation [SD] age, 58.2±7.14 years) with 
RA cervical lesions receiving transarticular or pedicle 
screw instrumentation and at least 10 years of follow-
up were retrospectively enrolled. The follow-up rate was 
66.7%. Clinical profiles and surgical details of the subjects 
are shown in Table 1. A frameless, stereotactic, optoelec-
tronic, CT-based image-guidance system (Stealth Station 
and Stealth Station TREONTM; Medtronic Sofamor 
Danek, Memphis, TN, USA) was used for correct screw 
placement. This study was car ried out with prior approval 
from the institutional ethics committee of Shinshu Uni-
versity School of Medicine (ap proval no., 4126). Written 
informed consents were obtained.

The following surgical procedures were performed: 
C1–C2 transarticular screw fixation (Magerl and Brooks 
procedure, Trans Bone Screw; KiscoMedica, St. Priest, 
France) for patients with AAS and occipitocervical fusion 
using the RRS Loop Spinal System (Robert Leid, Tokyo, 
Japan) for patients with AAS+VS. C1–C2 transarticular 
screw fixation (Magerl and Brooks procedure) was se-
lected for reducible AAS without VS. Occipitocervical 
fusion+C1 laminectomy was performed for irreducible 
AAS and cases with a Ranawat value <13 mm or medul-
lary compression on magnetic resonance imaging.

The Japanese Orthopaedic Association (JOA) score [9], 
Ranawat classification [10], and EuroQol (EQ-5D) util-
ity weight [11] were adopted for the clinical evaluation of 
cervical disorders with RA before and 2, 5, and 10 years 
after surgery. The Ranawat classification system is defined 
as follows: class I, no neural deficit; class II, subjective 
weakness with hyperreflexia and dysesthesia; class IIIA, 
objective findings of paresis and long-tract signs with the 
possibility of ambulation; and class IIIB, quadriparesis 
with resultant inability to walk or feed oneself [10]. The 
EQ-5D questionnaire consists of five sections covering 
health domains regarding mobility, self-care, usual activ-
ity, pain, and anxiety/depression. Each domain is rated ac-
cording to three levels of severity: no problems (1 point), 
some or moderate problems (2 points), and severe prob-
lems (3 points). Utility weights can then be attached to the 
EQ-5D health state provided by the questionnaire. These 
weights are incrementally arranged on a scale wherein 
full health and death are represented by scores of 1 and 0, 
respectively. Some severe health states are given negative 
scores, indicating that the patient’s relative levels of dys-
function as measured by the aforementioned parameters 
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may be considered worse than death from a social per-
spective [11].

Plain radiographs of the cervical spine, including neu-
tral, maximum flexion, and maximum extension lateral 
views, before and after surgery were evaluated. Radiologic 
evaluations were performed to determine Ranawat values 
and C2–C7 lordotic angles before and 2, 5, and 10 years 
after surgery [12]. Traditional methods of diagnosis relied 
on measurement of adjacent vertebrae, with SAS con-
sidered present when 3.5 to 4 mm of listhesis was found 
between vertebrae [13-15].

Results

The mean±SD follow-up period was 141.0±12 months 
(range, 122–152 months), while the mean±SD preop-
erative duration for RA was 20.6±7 years (range, 7–25 
months). Cervical spine disorders in this study included 
AAS (n=2) and AAS+VS (n=4) (Table 1).

1. Clinical assessment

We had previously examined mid-term outcomes in this 
cohort and reported good clinical results 2 years after 
surgery that had diminished 5 years postoperatively. In 
the present, longer study, JOA scores and EQ-5D utility 
weights before and 2, 5, and 10 years after surgery were 
11.2±1.2, 13.6±0.3, 11.0±0.7, and 9.0±0.9 and 0.48±0.06, 
0.69±0.10, 0.55±0.02, and 0.51±0.03, respectively. Though 
JOA scores did not significantly improve 2 years post-sur-
gery, no obvious deterioration was observed 5 years post-
surgery. JOA scores 10 years after surgery tended to be 
lower than preoperative values (Fig. 1). An improvement in 
EQ-5D utility weights was observed 2 years post-surgery. 
EQ-5D utility weight scores 10 years after instrumentation 
were comparable to those before surgery (Fig. 1).

2. Radiographic assessment

Ranawat values before and 2, 5, and 10 years after surgery 
were 10.8±1.6, 11.6±1.17, 10.8±1.3, and 11.0±1.4, respec-
tively, and were similar at all time points in our cohort (Fig. 
1). In the four cases without SAS, the mean C2–C7 lor-
dotic angle remained at 22.5° 5 to 10 years postoperatively 
(Fig. 2). SAS occurred at the C2–C3 level in one case (case 
5) where the C2–C7 lordotic angle decreased from 20° to 
8° 2 to 5 years postoperatively but did not markedly re-Ta
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gress further (Fig. 2). In another case (case 6) where SAS 
occurred and reoperation was needed due to paralysis, the 
C2–C7 lordotic angle decreased from 15° to 10° 5 to 10 

years postoperatively (Fig. 2).

3. Case presentations

1) Case 1: a 51-year-old woman with AAS due to destruc-
tive RA
The preoperative JOA score and EQ-5D utility weight 
were 14 points and 0.631, respectively. C1–C2 transar-
ticular fixation was performed. The JOA score and EQ-5D 
utility weight 5 and 10 years after surgery were 10.5 points 
and 0.533 and 9 points and 0.533, respectively. The C2–C7 
lordotic angle was preserved, and no SAS had occurred 10 
years after surgery (Fig. 3).

2) Case 3: a 62-year-old woman with AAS and VS due to 
destructive RA
The preoperative JOA score and EQ-5D utility weight 
were 11.5 points and 0.282, respectively. Occipitocervi-
cal fixation (C0–C5) was carried out. The JOA score and 
EQ-5D utility weight 5 and 10 years after surgery were 13 
points and 0.596 and 10.5 points and 0.533, respectively. 
The C2–C7 lordotic angle was maintained, and no SAS 
had occurred 10 years postoperatively (Fig. 4).

3) Case 5: a 63-year-old woman with AAS and VS due to 
destructive RA
The preoperative JOA score and EQ-5D utility weight 
were 6 points and 0.419, respectively. Occipitocervical 
fixation (C0–C2) was performed. At 5 years after surgery, 
the JOA score and EQ-5D utility weight were 9 points 
and 0.587, respectively. The C2–C7 lordotic angle had de-
creased 3 years earlier. At 10 years after surgery, the JOA 
score and EQ-5D utility weight were 9 points and 0.613, 
respectively. The C2–C7 lordotic angle had remained con-
stant from 5 years postoperatively (Fig. 5). However, SAS 
occurred at the C2–C3 level with 3 mm of horizontal dis-
placement on lateral flexion and extension radiography. 
Mild instability was noted [16].

4) Case 6: a 68-year-old woman with AAS and VS due to 
destructive RA
The preoperative JOA score and EQ-5D utility weight 
were 10.5 points and 0.37, respectively. Occipitocervical 
fixation (C0–C2) was carried out. At 5 years after surgery, 
the JOA score and EQ-5D utility weight were 11 points 
and 0.596, respectively. The C2–C7 lordotic angle was 
lower than that at an earlier time point, and SAS had oc-
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Fig. 1. Evaluation of JOA scores (A), EQ-5D utility weights (B), and 
Ranawat values (C). Error bars represent the mean±standard error of 
the mean. JOA, Japanese Orthopaedic Association; EQ-5D, EuroQol.
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period. SAS, subaxial subluxation; SAS+, occurrence of SAS.
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curred at the C5–C6 level. At 10 years after surgery, the 
JOA score and EQ-5D utility weight were 5 points and 
0.33, respectively. The C2–C7 lordotic angle was lower 
compared to that 5 years prior. SAS had also occurred 

at the C4–C5 level (Fig. 6), which caused instability and 
paralysis. Additional C2–C7 pedicle screw fixation and 
domino connection improved her neurological symp-
toms.

Preop 2 yr postop 5 yr postop 10 yr postop

JOA score 14     13.5   10.5    9

EQ-5D 0.631          0.714         0.533           0.533

Ranawat class II II II II

Ranawat value (mm) 15 13 13 14

C2–C7 lordotic angle (°) 10 12 13 16

Preop 2 yr postop 5 yr postop 10 yr postop

JOA score    11.5 13 11   10.5

EQ-5D          0.282          0.613 0.596         0.533

Ranawat class IIIA IIIA IIIA IIIA

Ranawat value (mm) 10 10 10   9

C2–C7 lordotic angle (°) 43 39 41 43

Fig. 3. Case 1: changes in radiographic results and parameters during the observation period. Preop, preoperative; Postop, postop-
erative; JOA, Japanese Orthopaedic Association; EQ-5D, EuroQol.

Fig. 4. Case 3: changes in radiographic results and parameters during the observation period. Preop, preoperative; Postop, postop-
erative; JOA, Japanese Orthopaedic Association; EQ-5D, EuroQol.
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Preop 2 yr postop 5 yr postop 10 yr postop

JOA score   6 13   9   9

EQ-5D          0.474 0.73 0.533          0.613

Ranawat class IIIA II II IIIA

Ranawat value (mm)   8 13 10 10

C2–C7 lordotic angle (°) 14 20   8   7

Preop 2 yr postop 5 yr postop 10 yr postop After reoperation

JOA score    10.5 13 11   5     9

EQ-5D        0.37   1 0.596        0.33             0.533

Ranawat class II I I IIIB II

Ranawat value (mm) 12 10 10 11    10

C2–C7 lordotic angle (°) 10 20 15 10 -7

Fig. 5. Case 5: changes in radiographic results and parameters during the observation period. Preop, preoperative; Postop, postop-
erative; JOA, Japanese Orthopaedic Association; EQ-5D, EuroQol.

Fig. 6. Case 6: changes in radiographic results and parameters during the observation period. Preop, preoperative; Postop, postop-
erative; JOA, Japanese Orthopaedic Association; EQ-5D, EuroQol.
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Discussion

This study revealed several key features regarding the 
long-term reconstruction results of RA cervical lesions. 
First, JOA scores had improved 2 years after surgery but 
gradually deteriorated during follow-up and tended to 
be worse than pre-surgery levels 10 years postoperatively. 
Second, although EQ-5D utility weights also improved 
2 years after surgery and deteriorated during follow-up, 
scores 10 years post-surgery were generally better than 
those before treatment. Third, Ranawat values were main-
tained before and after surgery. Lastly, SAS and ensuing 
myelopathy developed in one case where the C2–C7 lor-
dotic angle began decreasing 2 years postoperatively.

We have routinely employed C1–C2 transarticular and 
cervical pedicle screw instrumentation to reconstruct 
highly advanced and unstable RA cervical lesions. An ear-
lier clinical assessment of mid-term outcomes using this 
method revealed favorable results 2 years after surgery 
that diminished 5 years post-surgery [8]. Considering the 
limited data on the longer-term results of surgical recon-
struction for rheumatoid cervical disorders, this study 
sought to characterize the 10-year surgical outcomes of 
computer-assisted cervical reconstruction.

Our findings showed that SAS did not occur in patients 
who maintained the C2–C7 lordotic angle 5 years after 
surgery. In case 5, the C2–C7 lordotic angle decreased 2 
to 5 years after surgery but remained constant thereafter. 
At 10 years after surgery, SAS with mild instability had 
occurred at the C2–C3 level [16]. However, no paralysis 
and reoperation were needed, although additional sur-
gery may be necessary in the future. In case 6, the C2–C7 
lordotic angle decreased steadily 2 to 10 years postopera-
tively, while SAS occurred at both the C4–C5 and C5–
C6 levels. Accordingly, C2–C7 pedicle screw fixation and 
domino connection were performed due to paralysis from 
instability at the C4–C5 level.

Clarke et al. [17] suggested that the high occurrence 
rate of SAS after surgery was probably due to mechanical 
stress caused by changes in cervical alignment, whereas 
the natural history of SAS at least partially originates from 
inflammatory processes. However, only a few studies on 
the long-term risk factors of SAS have been available. 
Accordingly, Ishii et al. [18] revealed that the average 
preoperative C2–C7 angle in a SAS group decreased sig-
nificantly after surgery and that the postoperative C2–C7 
angle in the SAS group was significantly smaller than that 

of non-SAS patients. Similarly, the present study showed 
that cases with instability at the C2–C3 level and SAS had 
a smaller postoperative C2–C7 lordotic angle than cases 
without SAS. Based on our 10-year findings, the occur-
rence of SAS requiring reoperation is possible in cases 
with persistent C2–C7 lordotic angle decrease.

The limitations of this study include the lack of a con-
trol group, small sample size, various pathologies, and 
retrospective design. Notwithstanding, the present inves-
tigation provides important long-term evidence on trans-
articular or cervical pedicle screw fixation for rheumatoid 
cervical disorders.

Conclusions

Subjects with rheumatoid cervical lesions who undergo 
C1–C2 transarticular or occipitocervical fixation using 
pedicle screws may carry a risk of SAS within the 10 years 
following surgery, which may require reoperation.
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