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The purpose of this prospective study was to compare
the pseudarthrosis rate after anterior cervical fusion,
estimated either with static and dynamic plain radi-
ographs or with two-dimensional CT-scans.
There is a plethora of radiographic tools and criteria
used to determine pseudarthrosis after cervical spine
fusion. However, it is not known to which extent these
tools correlate with each other.
Forty-seven adult patients were enrolled in this
study, about one year after surgery. Four indepen-
dent blinded observers evaluated the roentgenologi-
cal data. CT assessment led to higher pseudarthrosis
rates than plain radiographs : 13 to 31% according
to CT ; 2 to 16% according to plain radiographs. The
difference averaged 11%. Consistency between
reviewers was higher with CT (average agreement :
89% ; range 82%-96%) than with plain radiographs
(average agreement : 81% ; range : 76% to 87%).
The need to accurately document pseudarthrosis is
critical as it helps direct the postoperative manage-
ment of the patient. The present study stresses the
value of computed tomography. However, surgical
exploration continues to be the gold standard.

Keywords : cervical spine ; fusion ; fusion status ; CT-
scan.

INTRODUCTION

Various disorders of the cervical spine are treat-
ed successfully with discectomy and fusion.
Although developing a solid fusion is not the only
factor in obtaining a successful clinical outcome,

many series report superior clinical results when a
solid arthrodesis has been obtained (1, 2, 4, 7, 8, 12,

14, 15, 17, 19).
The pseudarthrosis rate is known to be affected

by the number of operative levels (1, 2, 6, 8, 13, 17),
the type of graft used (13, 18) and the surgical tech-
nique (2, 3, 7). On the other hand, the type of instru-
mentation, the type of graft and the patient’s size
may interfere with the quality of the images for the
interpretation of the fusion status and thus affect its
accuracy. Also the criteria used to determine
pseudarthrosis play an important role (16).

Persistent pain after cervical fusion necessitates
an accurate determination of the fusion status, but
this is not always easy. Also research projects
would benefit from a clear definition of fusion sta-
tus. Indeed, if the methodology for determining the
fusion status is not correct, the findings of the study
are valueless.
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Of course, the true gold standard is the finding of
motion and lack of bony union at surgical explo-
ration, but this is not feasible for most research pro-
jects and it is of no use in preoperative decision
making. The radiographic criteria which have been
mentioned in the literature include lack of bridging
trabeculae between vertebral body and bone graft,
according to plain radiographs or computed tomog-
raphy, and motion between the spinous processes
or change in the Cobb angle on flexion-extension
radiographs (5, 9-11, 15, 19). Yet, the accuracy of the
diagnostic methods used to detect pseudarthrosis in
the cervical spine has been poorly documented
until recently (5, 9).

The purpose of this study was to prospectively
compare the pseudarthrosis rates estimated either
with static and dynamic plain roentgenograms, or
with two-dimensional CT-scans. The hypothesis
was that two-dimensional CT-scans would more
accurately document pseudarthrosis following all
types of cervical fusion.

MATERIALS AND METHODS

Forty-seven consecutive patients, aged 29 to 78 (aver-
age : 49), who had undergone a cervical fusion approxi-
mately one year (9 months to 15 months) before, were
solicited via letter to enrol in the study. They were not
selected according to symptoms or clinical status, so that
the series consisted of a mix of patients with and with-
out clinical symptoms of pseudarthrosis. Patients with
congenital anomalies, tumours or infections were
excluded from the study. Patients who agreed to partici-
pate were required to complete an informed consent
form approved by the local institutional review board
(IRB).

There were 21 (44%) males and 26 (56%) females.
Two-thirds (67%) of the patients were non-smokers.
Most patients (45 : 96%) had an anterior only fusion,
while the remaining patients underwent an anterior-pos-
terior fusion. A single level fusion was performed in
15 patients, a two level fusion in 12, a three level fusion
in 14, a four level fusion in 4, a five level fusion in one
and a six level fusion in one. 

Plain radiographs, including static AP, static lateral,
and lateral flexion-extension views, were obtained,
using standardised methods, at one institution. Patients
were placed in an upright position for all films. The cen-
tral ray was focused on the body of C4, from a distance

of 72 inches (183 cm), for all views. For the AP position,
the patient’s neck was extended enough to prevent
superimposition of the mandible. For the lateral view,
the patient was positioned to assure a true lateral view.
The flexion and extension views were taken from a true
lateral position with patient-exerted flexion or extension.
The patient was told to bend the head down, with the
neck only, and draw the chin as close as possible to the
chest for the flexion view. On extension, the patient was
told to elevate the chin as much as possible, with the
neck only, to a position of extreme extension.

All CT-scans were obtained at one facility, using one
of several GE Lightspeed Systems, within one month
after the plain radiographs. The axial CT sections were
made at 1.5 mm intervals with curved coronal and sagit-
tal reconstruction. A standard protocol was followed. 

Four reviewers, including two spine surgeons, one
radiologist and one spine fellow, evaluated the plain
films and the CT-scans in a random, blinded order.
Evaluation of radiographs and evaluation of CT-scans
were separated by at least two weeks for each reviewer.
Each fusion level was checked, and read as fused, not
fused or indeterminate. A level was interpreted as fused,
on plain radiographs, when bridging trabeculae were
seen, and a change of less than 2 mm in inter-spinous
process distance and absence of motion on flexion/
extension radiographs. A level was interpreted as not
fused, on plain radiographs, when there were no 
bridging trabeculae, and/or more than 2 mm inter-
wspinous process motion on dynamic flexion-extension
radiographs. The term indeterminate was used when
there was neither clear evidence of fusion nor clear evi-
dence of pseudarthrosis. A level was considered as fused
on the CT-scan when there were bridging trabeculae.

Inter-observer consistency (within the same diagnos-
tic tool) and intra-observer consistency (across the two
diagnostic tools) were determined by calculating the
percent of levels on which agreement existed. If a level
was read as indeterminate on plain radiographs and
fused on CT, this was considered a non-match.

RESULTS

Fusion status (tables I and II)

Plain radiographs (table I) : the percentage of
levels assessed as fused varied by observer and
ranged from 70% to 88% (average : 81%). The
number of levels deemed indeterminate ranged
from 1% to 14% across the readers (average : 8%). 
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Computerised tomography (table II) : the per-
centage of levels assessed as fused ranged from 66
to 79% (average : 74%). All 4 reviewers indicated
higher pseudarthrosis rates when studying CT-
scans (13% to 31%, on an average 22%, according
to CT-scans ; only 2% to 16%, on an average 11%,
according to plain radiographs). The mean differ-
ence was 11%. Similarly, computerised tomogra-
phy led to less indeterminate levels ; two observers

did not use this term at all, and the remaining two
used it in only 8 and 10% of the cases.

Interestingly, as well for plain radiographs as for
CT-scan, the spine fellow indicated the highest
pseudarthrosis rate while the radiologist indicated
the lowest pseudarthrosis rate.

Inter-observer consistency (tables III and IV)

In a general sense, consistency between readers
was relatively high. It was higher with CT (average
agreement : 89% ; range : 82 to 96) than with plain
radiographs (average agreement : 81% ; range : 76
to 87). In other words, two readers had, on an aver-
age, an 89% chance of reading any given level
exactly the same when using CT-scans, and an 81%
chance when using plain radiographs.

Intra-observer consistency (table V)

The percentage of levels, read the same on both
plain radiographs and CT-scan by the same observ-
er, ranged from 64% (spine fellow) to 85% (spine
surgeon 2). The most common inconsistency with-
in an observer was to read a level as fused on plain
radiographs and not fused on CT. This was true for
all 4 readers. Conversely, all readers also had some
levels that were deemed not fused on plain radio-
graphs and fused on CT.
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Table I. — Plain radiographs : fusion status evaluation,
by observer

Table II. — CT-scan : fusion status evaluation, by observer

Observer Fused Not Fused Indeterminate

Spine fellow 76% 16% 8%

Spine surgeon 1 70% 15% 14%

Spine surgeon 2 88% 11% 1%

Radiologist 88% 2% 10%

Average 81% 11% 8%

Observer Fused Not Fused Indeterminate

Spine fellow 69% 31% 0%

Spine surgeon 1 66% 23% 10%

Spine surgeon 2 79% 21% 0%

Radiologist 79% 13% 8%

Average 74% 22% 5%

Table III. — Plain radiographs : inter-observer consistency in %

Table IV. — CT-scan : inter-observer consistency in %

Spine fellow Spine surgeon 1 Spine surgeon 2 Radiologist

Spine surgeon 1 76%

Spine surgeon 2 77% 81%

Radiologist 83% 81% 87%

Average : 81%

Spine fellow Spine surgeon 1 Spine surgeon 2 Radiologist

Spine surgeon 1 92%

Spine surgeon 2 82% 91%

Radiologist 82% 96% 94%

Average : 89%
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DISCUSSION

Radiographic assessment of fusion remains an
important aspect of the determination of success of
cervical spinal fusion. Although pseudarthrosis
does not preclude the possibility of a good or excel-
lent clinical outcome, it has been associated with a
higher rate of clinical failure and may be associat-
ed with late deformity, neurologic symptoms and
pain.

Riew (16) recommended using the criteria set by
Robinson and Smith to determine the radiographic
fusion status : absence of motion on flexion/exten-
sion radiographs and presence of bridging trabecu-
lae across the fused levels of the cervical spine.
Riew (16) proposed to use these universal criteria in
order to improve comparability between studies.
Recently, two publications compared different radi-
ographic techniques in assessment of cervical spine
fusion. Cannada et al (5) retrospectively compared
the accuracy of two radiographic techniques in
identifying pseudarthrosis after anterior cervical
discectomy and fusion. In the spinous process tech-
nique, pseudarthrosis was defined as a change of
more than 2 mm in inter-spinous process distance
from flexion to extension on dynamic lateral radi-
ographs. In the second, the Cobb angle technique,
pseudarthrosis was defined as a change of more
than 2 degrees on dynamic radiographs. They
found that the inter-observer consistency for the
spinous process technique and the Cobb angle tech-
nique was 0.77 and 0.28 respectively ; thus the first
technique was the most accurate.

Epstein et al (9) compared the pseudarthrosis
rates established with dynamic lateral roentgeno-
grams and with computed tomography. As to
dynamic lateral views, fusion was defined as less

than 1mm of inter-spinous process motion. As to
computerised tomography, fusion supposed the
presence of bridging trabeculae and lack of lucen-
cy at the graft-vertebral junction. The fusion rate
was apparently higher with plain radiographs than
with CT, at 3 months (83% versus 50%) and at
6 months (96% versus 70%). In other words, CT-
scan was a more severe judge. This was in line with
the current study, although the latter focused on a
more heterogeneous population, and in a later stage
(one year postoperatively).

The authors now use computerised tomography
to determine the presence of pseudarthrosis when
plain radiographs are inconclusive while the patient
has persistent symptoms. Very often, pseudarthros-
es are seen on CT-scan, although invisible on plain
radiographs.

The authors feel that the current study yields suf-
ficient support for this philosophy. Admittedly, the
“true” fusion status was not known : it would have
required a surgical exploration. But it was striking
that all observers indicated fewer levels as indeter-
minate when using CT. Furthermore, CT revealed
pseudarthrosis twice as often as plain radiographs
(22% versus 11%). Finally, the inter-observer con-
sistency was 89% for CT versus 81% for plain
radiographs. 

On the other hand, inter-observer and intra-
observer variability in assessing fusion status was
seen with both plain radiographs and CT imaging.
Also the relatively frequent use of the term indeter-
minate indicates that evaluation of fusion status is
often a complex evaluation. These findings suggest
that comparison of fusion rates across studies
should be made with caution. Study results should
be carefully examined to obtain a clear idea about
the definition of fusion status and quality of the
roentgenological examination. A simple yes-no
answer, as is most often required in research pro-
jects, may be inadequate.

CONCLUSION

The need to accurately document pseudarthrosis
after cervical fusion is critical, as it helps direct the
postoperative management of the patient. The pre-
sent study underlines the value of computed
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Table V. — Plain radiographs compared to CT-scan : intra-
observer consistency in %

Spine fellow 64%

Spine surgeon 1 72%

Spine surgeon 2 85%

Radiologist 74%

Average 74%
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tomography. Of course, surgical exploration is the
gold standard, but it requires a re-operation.
Prospective studies, which correlate CT findings
with surgical findings at re-operation, would allow
to determine the sensitivity and specificity of this
diagnostic tool.
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