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Computer-assisted screw insertion for cervical disorders 
in rheumatoid arthritis 

 
 
 
Abstract 
 
 To reconstruct highly destructed unstable rheumatoid arthritis (RA) cervical lesions, 

the authors have been using C1/2 transarticular and cervical pedicle screw fixations.  
Pedicle screw fixation and C1/2 transarticular screw fixation are biomechanically superior 
to other fixation techniques for RA patients.  However, due to severe spinal deformity and 
small anatomical size of the vertebra, including the lateral mass and pedicle, in the most 
RA cervical lesions, these screw fixation procedures are technically demanding and pose 
the potential risk of neurovascular injuries.  The purpose of this study was to evaluate the 
accuracy and safety of cervical pedicle screw insertion to the deformed, fragile, and small 
RA spine lesions using computer-assisted image-guidance systems.  A frameless, 
stereotactic image-guidance system that is CT-based, and optoelectronic was used for 
correct screw placement.  A total of 21 patients (16 female, 5 male) with cervical 
disorders due to RA were surgically treated using the image-guidance system.  

Postoperative computerized tomography and plane X-ray was used to determine the 
accuracy of screw placement.  Neural and vascular complications associated with screw 
insertion and postoperative neural recovery were evaluated.  Postoperative radiological 
evaluations revealed that only 1 (2.1%; C4) of 48 screws inserted into the cervical pedicle 
had perforated the vertebral artery canal of more than 25% (critical breach).  However, no 
neurovascular complications observed.  According to Ranawat’s classification, 9 patients 
remained the same and 12 patients showed improvement.    Instrumentation failure, loss 
of reduction, or nonunion was not observed at the final follow-up (average 49.5 months; 
range 24-96 months).  In this study, the authors demonstrated that image-guidance 
systems could be applied safely to the cervical lesions caused by RA.  Image-guidance 
systems are useful tools in preoperative planning and in transarticular or transpedicular 
screw placement in the cervical spine of RA patients. 
 
Key words: Cervical spine, Image guidance, Rheumatoid arthritis, cervical pedicle screw, 
transarticular screw 
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Introduction 

 
  There are various cervical disorders caused by rheumatoid arthritis (RA).  Most 
common disorders include atrantoaxial (C1/2) instability and subluxation in the mid- and 
low-cervical spine [6,21].  These conditions sometimes cause myelopathy, severe pain, or 
both, either of which impairs the quality of life of RA patients [19].  In such cases, 
reconstruction surgery may be indicated.  Posterior procedures using sublaminar wiring or 
hook systems have been employed; however, these sometimes result in loss of reduction 
and/or nonunion [20,24].  Innovative methods such as C1/2 transarticular and cervical 
pedicle screw techniques provide greater biomechanical stability compared to conventional 
posterior fusion techniques [9,14].  Jones et al. [10] reported that cervical pedicle screws 
have a significantly higher resistance to pull-out forces than lateral mass screws.  
However, due to severe spinal deformity and small anatomical size of the vertebra 
including the lateral mass and pedicle in the most of RA cervical lesions, these screw 
fixation procedures are technically demanding and pose the potential risk of neurovascular 
injuries [7,16,27].  Frameless stereotactic technology was first designed for intracranial 
surgery for guidance of unseen lesions [8].  Computer-assisted techniques were 
introduced in spine surgery in the 1990s to improve accuracy and safety of operative 
procedures [3,18].  CT-based optoelectronic navigation was originally introduced by 
Nolte et al [18].  Amiot et al [3] later performed this technique in vitro with a 
magnetic-field based navigator, however this never really gained clinical acceptance.  
Laine et al. [15] presented evidence for improvement of accuracy under clinical conditions 
using this technique.  In 1996, we started the laboratory testing and clinical application of 
computer-assisted spine surgery [11,12].  To improve the accuracy of screw placement, 
we have adopted an image-guidance system and herein report the usefulness and the 
limitations of this technique, in the area of surgical reconstruction of RA cervical spine 
lesions. 
 
 
 
Materials and Methods 

 
Between January 1998 and January 2004, a total of 21 patients (16 female, 5 male) 

with cervical disorders due to RA were surgically treated using the image-guidance system.  
The mean age at the time of surgery was 60.8 years (range 51-78 years).  Twelve of 21 
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patients displayed typical mutilating-type joint involvements with severe cervical lesion. 
The cervical disorders were atlanto-axial subluxation (AAS) in 6 cases, AAS and vertical 
subluxation of the atlas (VS) in 3, subaxial subluxation (SAS) in 4 and AAS+VS+SAS in 
8.  According to the Ranawat’s classification [19], the neurological deficits were class 2 
in 5 cases, class 3A in 7, and class 3B in 9.  The Ranawat’s classification is defined as 
follows; class 1, no neural deficit;  class 2, subjective weakness with hyper-reflexia and 
dysesthesia;  class 3A, objective findings of paresis and long-tract signs, but ambulation 
possible;  class 3B, quadriparesis with resultant inability to walk or to feed oneself. 

Occipital or cervical pain was classified into four grades according to Ranawat’s 
criteria [19]: Grade 0, None;  Grade 1, Mild, intermittent, requiring only aspirin analgesia;  
Grade 2, Moderate, cervical collar required;  Grade 3, Severe, pain not relieved by either 
aspirin or collar.  Preoperative pain assessments were Grade 0 in 1 case, Grade 1 in 7 
cases, Grade 2 in 11 cases, and Grade 3 in 2 cases. 

Preoperative MR angiography was performed in all patients to evaluate conditions of 
the bilateral vertebral artery.  Patients with 50% stenosis or more were classified as 
stenosis patients, while those with invisible vertebral artery were classified as occlusion 
patients.  In case of vertebral artery occlusion or stenosis, no pedicle screws were used in 
the artery-dominant side to avoid vertebrobasilar ischaemia and concurrent stroke if pedicle 
diameter was narrow. 

A frameless stereotactic image-guidance system (Stealth Station and Stealth Station 
TREONTM; Medtronic, Sofamor Danek, Memphis, TN, USA) was used for correct screw 
placement and fixation of the cervical spine.  The basic data used for navigation were 
preoperative CT scan imaging data, consisting of consecutive axial slices 1 mm in 
thickness of the cervical spine of the RA patients.  The data were transferred to the system 
computer and were reconstructed into two-dimensional (2-D) and three-dimensional (3-D) 
images on a video monitor.  Other mechanical components consisted of a computer 
workstation, a surgical reference frame, a probe rod to indicate the position in the surgical 
field, infrared light-emitting diodes (LEDs) that were attached to the probe rod, an 
electro-optical camera as a position sensor connected to the computer, and a drill guide. 
Infrared beams were tracked by the electro-optical camera system and the position of the 
respective LEDs was identified in real time in the surgical field. 

Registration was performed in order to accurately match the computer-reconstructed 
3-D surgical space with the real surgical space, by identifying four or more points on the 
vertebrae and the corresponding points of the vertebrae on the 3-D CT image on the 
monitor (matched-pair point registration).  Though more precise matching of the two 
spaces is usually obtained by repeated registration procedures with 30 or more randomized 
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points indicated by the probe on the surface of the vertebral body (surface registration), this 
group’s procedure employs only 5 to 6 registration points for two consecutive lamina, to 
shorten the surgical time.  More accurate positioning is possible by using the top of the 
spinous process and bilateral inferior facet caudal tip as points.   

We established a surgical plan a day before surgery and confirmed insertion point of 
screws, applicability of 3.5 mm screws, point-for-point registration, plus in Magerl’s screw 
procedure, screw position in relation to vertebral artery.  This planning procedure took 20 
to 40 min.  Evaluation during the surgical plan for navigation provides further benefit by 
identifying pedicles with insertion risks and excluding such pedicles from operation (about 
10% of all pedicles were excluded).  Then, the entrance holes, direction, diameter, and 
depth of the screws were depicted with a cursor on the monitor, and the surgery was 
initiated.  After exposure of the posterior bony elements of the spine, the reference frame 
was fixed to the spinous processes and the registration procedures described above were 
performed.  After completion of the registration by matched-pair point and surface 
registration, the screws were inserted under the guidance of the navigation system.  The 
position of the probe or drill guide was superimposed in real-time on CT images on the 
monitor, and the screws were introduced into the pedicles at the planned position indicated 
on the monitor (Fig 1).  The required time between fixation of reference frame to spinous 
process and insertion of pedicle screw to each segment (1 or 2 vertebrae) was 10 to 15 min.  
After all screws were set, the reference frame for registration was removed and additional 
surgical procedures including decompression or bone graft were followed.  If pedicle 
screw insertion was ineligible, sublaminar cable fixation by SecureStrand was performed. 

The following surgical procedures were performed with the aid of image-guidance 
systems: C1/2 transarticular screw (Trans Bone Screw; KiscoMedica, St Priest France) 
fixation (Magerl’s procedure [17]) in 6 patients, cervicothoracic fusion using transpedicular 
screws (Cervical Pedicle Screw System; Depuy Spine, Inc., Raynham, MA) in 4 patients, 
occipitocervical or occipitothoracic fusion using the Olerud cervical system (Nord Opedic, 
Askim, Sweden) in 6 patients, and RRS Loop Spinal System (Robert Leid, Tokyo, Japan) 
in 5 patients (Table 1).  All patients had autogenous iliac bone grafts.  Patients were 
permitted to stand and walk from the day after operation without a collar, since pedicle 
screw fixation provided enough stability to ambulate without it.  Radiological assessment 
of screw placement was performed using Kast’s criteria [13].  All patients underwent 
reconstruction CT scans with plain a.p., lateral and oblique X-ray films of instrumented 
levels after surgery. 

Clinical results were based on invitations of patients to follow-up.  The surgeon 
performed the follow-up investigation and performed radiographic assessment. 
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Results 
 

A total of 81 screws, including twelve C1/2 transarticular screws and 69 transpedicular 
screws (C2; 11 screws, C3; 5, C4; 6, C5; 3, C6; 7, C7; 16, T1; 17, T2; 4), were inserted 
using image-guidance system.  Based on Kast’s criteria [13], correct placement of the 
twelve transarticular screws and 69 transpedicular screws (48 cervical pedicle screws and 
21 thoracic pedicle screws) was assessed. 
Correct screw position 

  Screws either completely within cortical walls of the pedicle or with a maximal 
cortical perforation of 1mm as seen on CT.  This group comprised 75 (93%) of implanted 
screws, including transarticular and thoracic pedicle screws. 
Minor breach 

  Lateral or ventral perforation of the vertebral body (2 screws; T1, T2), slight affection 
of the lateral recess without dural contact (1 screw: C5) or narrowing of the vertebral artery 
canal less than 25% of its diameter (2 screws; C4, C6).  In summary, 5screws( 6% of all 
screws) showed a minor breach radiologically. 
Major breach 

  Encroachment of the vertebral artery canal of more than 25% (1 screw: C4, case 6) or 
caudal perforation of the pedicle with potential nerve root compression or injury (0 screws) 
were observed.  Further major breaches like medial pedicle perforation with dural 
laceration and risk of radicular or medullar compression or injury were not observed in this 
series.  The group of major breaches comprised only one (1.2%) of implanted screws (81 
screws) or one (2.1%) of all implanted cervical pedicle screws (48 screws), without injury 
to the vertebral artery.  Although the authors had confirmed no pedicle wall perforation 
during the probing procedure, CT evaluation showed lateral pedicle wall perforation (major 
breach) in one screw (C4 pedicle screw) (Fig. 2).  This perforation may have been caused 
during reduction and/or screw-rod connecting maneuvers in which unexpected excessive 
load had acted on the screw.  Postoperative MR angiography revealed no vertebral artery 
occlusion (Fig. 2).   

Preoperative vertebral artery evaluation by MR angiography showed 4 (19%; 3 cases 
with AAS+VS+SAS and 1 case with AAS+VS) unilateral stenosis and 1 (4.8%; 
AAS+VS+SAS) unilateral occlusion.  Average operative time was 275 minutes (range 
148-505 minutes) and the average intraoperative blood loss was 380 ml (range 20-630 ml).  
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According to Ranawat’s classification, 9 patients remained the same (2→2; 4 patients, 3A
→3A; 3, 3B→3B; 2) and 12 patients showed improvement (2→1; 1 patient, 3A→2; 4, 3B
→3A; 7) (Table 2).  Seven of the 9 patients who could not walk (3B) before surgery could 
walk (3A) post surgery.  All patients maintained the improved ADL level throughout the 
postoperative course.  In 18 of 21 cases (86%), occipital or neck pain as classified by 
Ranawat’s criteria for pain had improved. 

No instrumentation failure, loss of reduction, or nonunion had occurred at the final 
follow-up (average 49.5 months; range 24-96 months).  Bony fusion was defined as an 
absence of segmental motion in functional lateral X-rays with presence of solid bony union 
observed in reconstruction CT (Fig. 3, case 5).  Solid union was achieved in all 21 
patients. 
 
 
 
Case Presentations 
 
  Two typical cases with extremely narrow pedicles are shown. With conventional 
transarticular or transpedicle screw insertion techniques, iatrogenic neurovascular injuries 
due to malposition of the screws may have resulted. 
 
Case 9 
 
  This patient was a 54-year-old man with AAS.  Transarticular screw fixation (Trans 
Bone Screw; KiscoMedica, France) was inserted using the navigation system and image 
intensifier, lateral view. Posterior bone graft was performed with Brooks method using 
Secure Strand sublaminar cables (Pioneer Surgical Technology, Marquette, MI) (Fig. 4).  
After 50 months post-surgery, the patients showed improvement from 2 (preoperatively) to 
1 according to Ranawat’s classification, and occipital pain was reduced (2→1)(Fig. 5). 
 
Case 10 
 

This patient was a 62-year-old woman with non-reducible AAS and VS.  In 
preoperative planning, the authors judged that it was not possible to insert the pedicle 
screw into the C2, C4, and, C5 (hemilateral) pedicles.  The following procedures were 
performed using the navigation system: C1 laminectomy, insertion of bilateral C3 and hemi 
lateral C5 pedicle screw (RRS Loop Spinal System; Robert Leid, Tokyo, Japan), 
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sublaminar cable fixation from C2 to C5 (using SecureStrand sublaminar cables), and 
insertion of occipital screw.  Posterior bone graft from C0 to C5 was performed after 
instrumentation.  Neurological deficits and occipital pain had resolved, and surgery 
enabled the patient to walk again.  The postoperative CT scan (C3 level) shows accurate 
placement of the pedicle screws, which were inserted into extremely narrow pedicles (Fig. 
6).  After 48 months post-surgery, the patients showed improvement from 3B 
(preoperatively) to 3A according to Ranawat’s classification. 
 
 
 
Discussion 
 
  Cervical reconstruction surgery should be considered to maintain the quality of life and 
daily activities in RA patients with severe cervical involvements.  A recent study 
indicated that the natural course of RA patients with myelopathy managed by conservative 
treatments is poor [25].  In their study, all patients did not recover and were bedridden.  
Furthermore, all patients had died within three years [25].  Casey reported that no benefit 
was obtained except pain relief by surgical treatment of patients of Ranawat’s class 3B [5]. 
In contrast, the current study showed the potential importance of surgery for class 3B 
patients, which provided excellent clinical results.  
  One of the main goals of cervical reconstruction surgery in RA patients is to eliminate 
instability by achieving immediate and long-term stability.  Pedicle screw fixation and 
C1/2 transarticular screw fixation are biomechanically superior to other conventional 
procedures using wiring or clamping [1,9,14,17].  Furthermore, pedicle screw fixation is a 
useful technique because laminectomy or laminoplasty can be performed simultaneously.  

Conventional screw insertion techniques for both C1/2 screw and pedicle screw 
placement in the subaxial cervical spine rely on anatomical landmarks and intraoperative 
fluoroscopy.  However, in RA patients, several specific illness-related problems of the 
cervical spine make surgical treatment extremely difficult.  The use of corticosteroid 
medication for several years and immobilization of the spine caused by multiple 
musculoskeltal deformities and dysfunctions lead to considerable osteoporosis.  
Moreover, due to erosion of the anatomical structures, bony landmarks are not always 
reliable.  Especially when the vertebral artery runs an abnormal course, screw placement 
has a potential risk of neuro-vascular injury, and vertebral artery injury on the dominant 
side can cause cerebellar infarction and possibly fetal sequelae [2,22,23].  Moreover, due 
to severe spinal deformity and small anatomical size of the vertebra (the lateral mass and 
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pedicle) in the most RA cervical lesions, screw placement procedures are highly 
technically demanding and pose the potential risk of neurovascular injuries even though 
intraoperative fluoroscopy is used.  The current study clearly shows from clinical results 
that computer-assisted screw insertion in the rheumatoid cervical spine enables a 
significant reduction in the screw malplacement rates (1/48; 2.1%) as compared to 
conventional insertion techniques, using image intensifier (5.3%; Abumi K, et al [1]).  
There are currently no published reports on perforation rates with cervical pedicle screws 
in rheumatoid cervical spine lesions.  All procedures performed at this facility were 
performed using a navigation system, therefore no control data is available.  Borm et al. 
[4] reported that transarticular C1-C2 screw fixation was performed in 14 cases using 
computer navigation (STN 4.0; Zeiss Company, Oberkochen Germany).  In this study, 
there was 1 medial perforation of a C2 pedicle wall and 1 malposition of the screw in C2 
without reaching the lateral mass of C1 (2/28; 7.1%).  In contrast, there were no 
malpositions of the transarticular C1-C2 screw fixation among our cases.  Regarding C1-2 
transarticular screw fixation, it is very easy to navigate at C2 levels using image-guidance 
systems.  However, C1 is easily moved in the prone position even if a Halo-vest apparatus 
is adapted for patients with atlantoaxial subluxation.  In such a case, it is difficult to 
navigate the screw in the lateral mass of the atlas, and a two-dimensional image intensifier 
during surgery should be employed.  However, this type of image intensifier was not used 
in pedicle screw insertion in this study.  When pedicle perforation was suspected, it was 
investigated on X-ray image using a marker.  Importantly, although the risk of screw 
perforation can be reduced using a navigation system, its incidence does not disappear 
completely.  Due to the fragile bone quality of the RA cervical spine, care must be taken 
during rod or plate application procedures and reduction maneuvers which may cause 
cut-out and displacement of the screw from it’s original position.  To prevent these 
injuries, preoperative evaluation of the vertebral artery and planning of screw insertion are 
indispensable. Generally, insertion of screws into the pedicle of less than 3.5 mm in 
diameter should be avoided even with navigation assistance. 

Preoperative vertebral artery evaluation by MR angiography revealed unilateral stenosis 
or occlusion in 23.8% of patients, all of whom were complicated with VS.  Abnormality 
of vertebral artery is highly likely in RA patients because of cervical deformity.  
Tuminlan et al. [26] reported cerebral and cerebellar infarction in rheumatoid cervical spine 
patients caused by vertebral artery injury, observed during anterior corpectomy.  In 
consideration of that report, in case of vertebral artery occlusion or stenosis, no pedicle 
screws were used on the artery-dominant side to avoid vertebrobasilar ischaemia and 

 8



    Computer-assisted Screw Insertion for Cervical Disorders in Rheumatoid Arthritis - 9 -              

concurrent stroke if pedicle diameter was narrow.  This approach shows significant 
benefits of preoperative planning using the navigation system. 
  The accuracy of a computer-assisted image-guidance system for correct pedicle screw 
fixation of the cervical spine has been confirmed in laboratory tests [12], but its clinical 
results in RA patients have not been clarified.  Although the current study was not large in 
number of patients, the results of surgery under the image-guidance system were 
encouraging.  Use of this system in cervical instrumentation surgery for RA patients can 
aid in reducing the risk of screw misplacement.   

   
   

 
Conclusion 

 
  In this study, the authors demonstrated that image-guidance systems can be applied 
safely to the cervical lesions caused by RA.  Image-guidance systems are useful tools in 
preoperative planning and in transpedicular screw placement in the cervical spine of RA 
patients.  However, incidence of screw perforation does not disappear completely.  Due 
to the fragile bone quality of RA cervical spine, care must be taken during rod or plate 
application procedures and reduction maneuvers. 
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Figure Legends 

 
Fig. 1: Computer display shown at surgery.  The position of the device and surgical plan 
are shown in four views.  The narrow gray arrow indicates the position and direction of 
the device, and the wide white arrow indicates the planned screw trajectory.  
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Fig. 2: A. Patient (case 6) with screw displacement C4 with narrowing of the vertebral 
channel more than 25% (left screw); major breach.  B. Postoperative MR angiography 
revealed no vertebral artery occlusion. 
 
Fig. 3: A. Dynamic lateral view x-ray images of 63-year-old female (case 5) indicates 
osseous integration, 2-years postoperative. B. Reconstruction CT indicates bony fusion, 2 
years postoperative. 
 
Fig. 4: A. Case 9: 54-year-old man during atlanto-axial fixation.  The reference frame is 

placed on the C2 spinous process and a navigatable guide is inserted, in a incision 
separate from that for the reference frame.  B. Lateral view from image intensifier 
during surgery.  C. Magerl’s and Brooks’ procedures were performed using 
SecureStrand sublaminar cables.  D. Main skin incision and two small incision. 

 
Fig. 5: A. Preoperative flexion lateral x-ray in case 9 indicates atlanto-axial subluxation.  
B. Postoperative lateral X-ray. C. Postoperative antero-posterior X-ray.  D&E.  
Postoperative reconstructive CT shows that transarticular screws correctly passed through 
the pedicle of C2 and C1/2 joint. 
 
Fig. 6: A. Preoperative flexion lateral x-ray in 62-year-old female (case 10)  indicates 
atlanto-axial subluxation and vertical subluxation. B. Preoperative sagittal T2-WI MRI 
shows cord compression due to C1 laminae. C. Computer display shown at surgery. D&E. 
Postoperative x-ray.  F. Postoperative CT scan (C3 level) shows pedicle screw was 
inserted accurately. 
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Table 1. Clinical profile and details of surgical procedures

Case        Age at           Gender       Follow-up      Cervical disorder   Surgical procedure  Extent of fusion Laminectomy       Device
surgery (yr)                           (months)     or Laminoplasty

1 54                      M              96                    AAS Magerl&Brooks        C1-2                   C3-7                    TBS
2 56                      F               89                    AAS+VS+SAS    O-T fusion                 C0-T2                 C1,C3-5  Olerud
3 63                      F               74                    AAS+VS+SAS    O-T fusion                 C0-T1                 N  Olerud
4 63                      F               72                    AAS+VS+SAS    O-T fusion                 C0-T1 C1,C3-6  Olerud
5 62                      F               70                    AAS+VS+SAS    O-T fusion                 C0-T1                 C1 Olerud
6 72                     M               66                    AAS+VS+SAS    O-T fusion                C0-T1                 C1,C3-7             Olerud
7 62                     M               58                    AAS+VS+SAS    O-C fusion                C0-7                    C1 Olerud
8 76                      F               51                    SAS                      C-T fusion                 C4-T1                 C5-6                CPSS
9 54                     M               50                   AAS                     Magerl&Brooks         C1-2                   N                      TBS 
10 62                      F               48                   AAS+VS               O-C fusion                C0-5                    C1                    RRS
11 58                      F               45                   SAS                      C-T fusion                 C6-T2                 C7-T1                CPSS
12 78                      F               42                   AAS+VS+SAS    O-T fusion                  C0-T1                 C1                     RRS 
13 67                      F               40                   AAS Magerl&Brooks         C1-2                    N                     TBS
14 54                      F               39                   AAS+VS              O-C fusion                  C0-2                   C1                     RRS
15 63                      F               36                   AAS+VS             O-C fusion                  C0-2                   C1                    RRS
16 53                     M               32                   AAS+VS+SAS   O-C fusion                  C0-7                   C1, C3-6          RRS 
17 54                      F               29                   SAS                     C-T fusion                   C5-T1                C6                        CPSS
18 67                      F               27                   AAS Magerl&Brooks         C1-2                    C3-6                    TBS
19 51                      F               27                   AAS Magerl&Brooks         C1-2                    N                         TBS
20 57                      F               25                   SAS                      C fusion                      C3-4                   C3-6                    CPSS
21 51                      F               24                   AAS Magerl&Brooks         C1-2                    N                         TBS

AAS, atlanto-axial subluxation; VS, vertical subluxation; SAS, subaxial subluxation
O-C, occipitocervical; O-T, occipitothoracic; C, cervical; N, no
TBS, Trans Bone Screw; CPSS, Cervical Pedicle Screw System; RRS, RRS Loop Spinal System



Table 2. The neurological deficit class before surgery and at the final assessment

Follow-up
neurological deficit

Pre-operative                      class
Neurological
Deficit class           3B        3A   2  1

3B                     2           7
3A                                        3         4
2                                            4        1
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