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Flexion-extension x-rays are commonly used clinically to assess stability of the cervical spine,
for several medical conditions. Diagnosis and treatment decisions are made, in part, based on
the clinician’s assessment of these x-rays. When used to assess fusions, the goal is to detect
any significant motion between vertebrae. When used to assess levels adjacent to a fusion,
degeneration or post-trauma patients, the goal is to detect abnormally high or unusual motion.
One important measure of a diagnostic test is the agreement between observers when using the
test. Despite wide-spread use of cervical spine flexion and extension films in clinical practice,
there is little evidence that clinicians will agree when assessing fusions, or spinal stability
adjacent to, or in the absence of fusion.
Validated, computer-assisted technology is available to quantify intervertebral motion from
cervical flexion-extension x-rays, but there is only limited evidence that this technology can
significantly improve the agreement between clinicians. The goals of this study were two fold.
The first was to quantify agreement between clinicians when they assess fusion status or the
stability of the cervical spine from flexion-extension x-rays, using the methods that they
routinely use in clinical practice. The second goal was to examine whether use of computer
assisted technology has any effect on interobserver agreement when assessing flexion/
extension x-rays of the cervical spine.
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Methods
The first part of this study was intended to represent the way that clinicians currently assess
flexion/extension x-rays of the cervical spine. Therefore, a total of 75 cervical flexion and
extension studies were collected from several spine surgery practices. The studies included a
variety of conditions that are typically evaluated with motion x-rays. These were all x-rays of
patients who were actively seeking treatment for symptoms related to their cervical spine. The
only inclusion criteria was that the study had been obtained in routine clinical practice. Studies
were excluded only if the image contrast was poor or if there was excessive out-of-plane
motion. The studies collected included 29 patients with fusions, 14 with spondylolistheses, 13
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with chronic pain post-trauma, and 15 degenerative cervical spine cases. All x-rays were
digitized (Vidar film scanner, Herndon, VA) and patient specific information electronically
erased from the images.
These studies were assessed by 3 orthopedic surgeons, 1 neurosurgeon, and 3 radiologists. All
of the clinicians routinely interpret flexion/extension x-rays of the spine in their clinical
practices. The observers from the various subspecialties were chosen to represent the clinicians
that read flexion/extension films on a daily basis in clinical practice. Observers were first asked
to review all 75 films at one session. Cases were presented in random order and were not
organized by condition. The x-rays were presented to the clinicians on a computer workstation
with a high-resolution, high contrast monitor. The workstation software allowed the clinicians
to zoom in or out, change image brightness and contrast and measure distances and angles as
they would typically do in their clinical practice. Clinicians were only asked to determine
whether or not there was instability or a failed fusion present at any intervertebral motion
segment from C2 to C7. There were no specific criteria given to the clinicians to define
instability. Each clinician made these decisions as they would normally do in their clinical
practice. Each level was recorded as either stable or unstable, or fused or not fused. No details
of patient history or symptoms were provided to avoid any potential bias that may introduce.
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Prior to the start of the second observation session, each clinician was given a 10 minute tutorial
on the use of the computed assisted technology to ensure appropriate understanding of the
technology. Specifically, quantitative motion analysis (QMA) gave observers the following
information for each intervertebral level in each patient:
1.

The 95% confidence interval for normal intervertebral motion (translation and
rotation) in asymptomatic patients.(1)

2.

Intervertebral motion (translation and rotation) measured by the software.

3.

Image stabilization technology that allowed the clinical observer to hold any specific
cervical vertebra in a constant position on the computer display and visually observe
the motion of the spine proximal and distal to that vertebra between the flexed and
extended positions.
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At the second session the same 75 flexion/extension films were reassessed using quantitative
motion analysis (QMA). The second session occurred between 28 and 183 days after the first
session (average 76 days). Although they were the same cases, they were not presented in the
same order. Assessments of intervertebral motion were again collected after observers
specifically evaluated each motion segment between C2 and C7. The clinicians were asked to
identify instability at any level or nonfusion where a fusion would be expected. Kappa and
Chronbach’s alpha statistics were used to assess the interobserver agreement in regards to
abnormal motion with and without QMA.
The QMA method involves placing landmarks on the corner of each vertebra. These landmarks
are placed only in the flexion image. The QMA method includes a training program to
standardize landmark placement between cases. The software then uses all available
information about the vertebra, include edges and the distribution of density inside the twodimensional projection of the vertebra to determine the relative location in the extension image.
The rotations and translations are then calculated from the mathematical transformation
matrices describing motion of each vertebra between the flexion and extension x-rays. The
accuracy and observer agreement of the QMA method have been previously described(1–3).

Spine J. Author manuscript; available in PMC 2008 November 1.

Taylor et al.

Page 3

Results
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Agreement between observers using the methods they routinely use in clinical practice was
poor (kappa = 0.17, P<0.001; Chronbach’s alpha=0.19, Figure 1). There was slightly better
agreement if only the fusion assessment cases were included (kappa=0.2 P<0.001; Chronbach’s
alpha=0.25). There was unanimous agreement between observers on 12 of the 75 cases without
computer-assisted analysis. This subset of cases consisted of 3 cases with degenerative
spondylolisthesis that all observers assessed as unstable, one fusion with 9 deg of motion at a
fusion that all observers assessed as not fused, 5 fusion cases with apparently solid bone
bridging that all observers assessed as fused, and 3 cases with what appeared to be a
radiographically normal spine that all observers assessed as stable.
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With the computer-assisted analysis, there was very good interobserver agreement (kappa
=0.77, P<0.001; Chronbach’s alpha=0.78, Figure 1). The agreement was similar if only fusion
assessment cases were included (kappa=0.74, P<0.001;Chronbach’s alpha=0.75). There was
unanimous agreement on 57 of the 75 cases when using the computer-assisted analysis. Using
QMA, the disagreements were as follows. Six cases demonstrated severe degeneration or static
malalignment (Fig. 2) where motion was otherwise within normal limits. In three cases,
intervertebral motion was quantitatively within the 95% asymptomatic confidence interval but
one or more observers perceived abnormal motion. Three were fusions with what appeared to
be radiographic bridging but with the presence of intervertebral rotation measuring between 2
and 4 degrees. In two cases, the spine was otherwise radiographically normal but demonstrated
intervertebral rotation at 1 or 2 levels that was just over the 95% confidence interval for
asymptomatic people. There were two fusion cases where there was minimal motion at the
fusion site but the observer perceived insufficient radiographic bridging and thus graded these
as unstable. Lastly, there were two fusion cases where there was between 1 and 1.5 deg of
intervertebral rotation at the fusion site.

Discussion
Interobserver agreement was poor in this study when the clinicians used the methods they
normally use in their clinical practices to assess stability or fusion status from flexion and
extension cervical spine films. The use of computed assisted technology improved agreement
among clinicians. Although intra-observer agreement data would be valuable, the observers
were not able to commit enough time to collect data to calculate both inter- and intra-observer
agreement.
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The results of this study must be interpreted within the constraints of the experimental design.
The sample of flexion/extension films represented a range of studies encountered in routine
clinical practice. This approach was used rather than selecting a homogeneous type of x-rays
to improve the external validity and overall clinical relevance of the study. We did find 12 of
75 cases where there was unanimous agreement between the seven clinicians using their current
methods, suggesting that there is a subset of cases where current methods are very good such
as fusion assessment where motion is minimal and there appears to be solid bridging bone.
Observers from multiple specialties were used in this study to improve the external validity of
the study. There were not enough observers from each subspecialty to draw meaningful
conclusions about differences in assessments between the subspecialties. In this study, the xray images were all presented to the clinicians from a computer workstation, representative of
a typical digital-based practice. It is possible that there would be better agreement between
clinicians who use physical copies of the x-rays and use methods such as overlaying the films
on a bright viewbox, but this was not investigated in this study. Clinicians are normally aware
of a clinical history prior to interpreting flexion/extension x-rays. The affect that clinical history
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might have on interpretation of flexion/extension x-rays was also not represented in this study,
but eliminating the history also eliminates a potential source of bias.
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The lack of an accepted consensus on the quantitative definition of spinal instability or spine
fusion is likely one of the greatest sources of disagreement in both parts of this study. In the
first part of this study, each clinician was asked to assess instability or spine fusion as they
currently do in their clinical practice. This approach was used to represent the current practice
of medicine. An alternative approach would have been to first attempt to establish an internal
consensus between observers on the definition of instability and fusion and then assess the xrays, in which case observer agreement would have probably been much better. This alternative
approach would not represent current clinical practice. The computer-assisted methods used
in the second part of this study include a report on each case that specifically stated if measured
motion was within the 95% confidence intervals established for asymptomatic people(1). With
respect to fusion assessment, the observers were told that the QMA technology is believed
capable of detecting intervertebral rotations greater than 1.5 deg as this represents the worstcase scenario of the sum of the published accuracy(2) and reproducibility(1) errors. Thus, the
improved agreement between observers when using the computer-assisted methods may have
been largely due to the reports and instructions that effectively forced something of a consensus
between the observers on the definition of instability and fusion. That there was not perfect
agreement in the second part of the study may largely reflect that in some cases, the clinicians
did not accept the definitions that were provided. There were several different ways that
observers disagreed with the definitions provided. A third of the disagreements were with cases
where there was severe degeneration or static malalignment, but the report indicated normal
motion. Conversely, there were two cases where the spine was in excellent radiographic
condition, but the report suggested motion just above the 95% confidence interval for
asymptomatic people. In three other cases, the report indicated motion within normal limits,
but one or more observers did not accept this. Two of those cases involved motion adjacent to
a solid fusion, where one or more observers assessed the motion as abnormal even though it
was within normal limits. The other was a case where motion was within normal limits but
there appeared to be a mild kyphotic deformity at one level. There were disagreements when
there appeared to be bridging bone, but the report indicated motion at a fusion site, and the
opposite case where bridging bone was not apparent but the report indicated minimal motion
at a fusion site. These observations support the need for the scientific and medical communities
to establish basic quantitative and reproducible definitions of spinal instability and spine fusion.
These definitions must also address the acceptable amount of motion in the presence of
degeneration, static misalignment of the spine, or adjacent to a fusion.
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Universally accepted definitions of the normal motion at each level, whether normal motion
guidelines can be applied in the presence of severe degeneration, spondylolisthesis, or localized
kyphotic deformities, and the threshold level of motion that defines a pseudoarthrosis would
likely substantially reduce disagreement. There are many peer-reviewed studies that would
facilitate development of consensus based guidelines for the clinical assessment of flexion/
extension x-rays. These studies include several on motion in the asymptomatic cervical spine
(1;4–12), on changes in motion that can occur with trauma, post-trauma, or degeneration(6;
9;13–20), and on methods for measuring motion(10;12;21–24). There are also several
references on testing or validating methods for assessing lumbar(25–27) and cervical(28–30)
fusions using flexion/extension x-rays. Unfortunately, all of this information on intervertebral
motion has yet to be assimilated into generally accepted objective guidelines that can be used
in clinical practice. The lack of an accepted “gold standard” for instability or fusion also
prevents a level 1 scientific study of a diagnostic test. Finally, this study was focused on
definitions of the quantity of motion. A consensus on the quality of motion, as assessed by
parameters such as the center-of-rotation, may prove at least as valuable as a consensus on the
quantity of motion.
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Conclusion
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The results of this study suggest that current, commonly used methods to clinically assess
flexion-extension x-rays of the cervical spine do not provide reliable clinical information about
intervertebral motion abnormalities. The current study further suggests that validated,
computer-assisted methods to quantify intervertebral motion can dramatically improve
agreement between observers when assessing flexion-extension x-rays of the cervical spine.
However, this improvement in agreement may be partly due to the reference data provided
with the report included with each computer-assisted analysis. This study may therefore
support the need for standardized and quantitative definitions of spinal instability and spinal
fusion.
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Figure 1.

Kappa values describing observer agreement in the assessment of motion abnormalities in the
cervical spine from flexion/extension x-rays, first without, and then with the use of computerassisted technology.
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Figure 2.

Example of a case where when using their manual methods, 3 observers assessed the case as
unstable and 4 observers assessed the case as stable. With computer-assisted methods, all but
one observer assessed this case as stable.
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