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Study Design. Reliability study of computed tomogra-
phy imaging in 12 cadaver specimens instrumented with
titanium or stainless steel thoracic pedicle screws.

Objective. To evaluate inter- and intraobserver reliabil-
ity of computed tomography scan in determining the ac-
curacy of thoracic pedicle screw placement and to identify
the differences in observers' agreement when viewing
stainless steel versus titanium screws.

Summary of Background Data. Computed tomography
is often used to assess the accuracy of pedicle screw place-
ment. Accuracy of screw placement is important in the tho-
racic spine where pedicle morphometry increases the diffi-
culty of screw placement (vital structures are at increased
risk). The current literature lacks a critical evaluation of com-
puted tomography reliability among observers.

Methods. Twelve adult cadavers were instrumented
with thoracic pedicle screws. Nine cadavers were instru-
mented with titanium screws and three with stainless
steel screws. The spines were imaged with computed
tomography. Three observers used a grading scale to
score the extent of pedicle violation and independently
scored the placement of each pedicle screw on three
separate occasions. Interobserver and intraobserver
agreement were determined by using the kappa statistic.

Results. The mean kappa score for interobserver
agreement for all 12 specimens (including titanium and
stainless steel screws) was 0.51, which correlates with a
moderate degree of agreement. Although the interob-
server kappa statistics for titanium (k - 0.53) and stain-
less screws (k - 0.44) showed a moderate degree of
agreement, the intraobserver reliability was substantial
(k - 0.63). The mean intracbserver kappa for titanium
screws was 0.63 and for stainless steel screws was 0.62.

Conclusions. Our data show that interobserver agree-
ment is moderate and intraobserver agreement is sub-
stantial when computed tomography is used to assess
placement of thoracic pedicle screws. We conclude that
computed tomography is reliable for evaluating thoracic
pedicle screw placement throughout the thoracic spine.
[Key words: thoracic pedicle screw, computed tomogra-
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Thoracic pedicle screw fixation has become more com-
mon as surgeons have become increasingly familiar with
pedicle anatomy and techniques for pedicle fixation.1-7
Pedicle screws provide rigid fixation, allowing for better
deformity correction and greater resistance to pullout
than hook and rod constructs.;»89 Because thoracic pedi-
cle screw fixation is now a common procedure, it is im-
portant to evaluate the accuracy of screw placement. In-
strumentation of the thoracic spine involves unique risks
because of the small diameter of thoracic pedicles and the
proximity to vital structures such as the spinal cord and
aorta. Neurologic complication due to misplaced pedicle
screws in the lumbar spine has been well document-
ed.1011 Perforation of the pedicle in the thoracic spine
can result in a wide variety of undesirable outcomes,
including decreased stability of the construct, cerebrospi-
nal fluid leaks, and vascular and neurologic
infuries.542-17

Computed tomography (CT) scan is often used to de-
termine the accuracy of thoracic pedicle screw place-
ment.;>89'14'18'19 Computed tomography has been
shown to be useful for assessing the accuracy of screw
placement in the lumbar spine20 and has been shown to
reveal up to 10 times as many screws violating the pedicle
cortex in the lumbar spine as plain radiographs.21 How-
ever, inter- and intraobserver reliability of CT for assess-
ment of thoracic pedicle screws has not been evaluated.
The objective of this study was to determine inter- and
intraobserver reliability of CT scan and to investigate the
influence of metallic artifact (titanium vs. stainless steel
screws) on CT scan interpretation.

m Materials and Methods

Twelve thoracic spines were harvested from fresh frozen adult
cadavers. Nine of the spines were instrumented with titanium
thoracic pedicle screws, and three spines were instrumented
with stainless steel screws using either a freehand techniquel’
or stereotactic fluoroscopy. Preinstrumentation CT scans of the
spines were obtained to determine the diameter of the thoracic
pedicles. Pedicles with an outer cortical diameter <4.5 mm
were not instrumented. Pedicles with a diameter of 4.5 to 5.5
mm were instrumented with 4.5 mm Danek M8 screws, and
pedicles with a diameter >5.5 mm were instrumented with 5.5
mm Danek Dynalok screws (Sofamor Danek, jMemphis, TN).
All thoracic levels (T1-T12) were instrumented, provided the
pedicles had a diameter >4.5 mm. After the spines were instru-
mented, they were imaged using CT (General Electric CT/I,
iMilwaukee, WI). All spines were imaged with the same proto-

2527

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.


mailto:atdailey@washington.edu

2528 Spine « Volume 28 « Number 22 « 2003

Figure 1 CT scan showing grades for pedicle screw placement.
Grade 0 (A), grade 1 (B), grade 2 (C), grade 3 (D.

col of 3 mm axial images with | mm overlap. Window settings
were adjusted for optimal visualization of the screws and bone.

Three observers (D.S.B., A.T.D., G.R.) then graded each
pedicle screw as it appeared on the CT scan on three occasions
separated by at least 3 weeks. Thus, each observer made three
readings of each set of images for each instrumented spine.
Each observer was blinded to the identity of the specimen and
the type of pedicle screw used. The grading scale used has been
described by our group and has been effectively used for reli-
ability studies of pedicle screw placement.22 This grading scale
ranges from 0 to 3 (Figure I). Grade 0 is no apparent violation
of the pedicle. Grade | is <2 mm perforation of the pedicle
with one screw thread out of the pedicle. Grade 2 is between 2
and 4 mm of perforation of the pedicle with half of the diameter
ofthe screw outside the pedicle. Grade 3 is>4 mm or complete
perforation of the pedicle. No differentiation was made regard-
ing the trajectory of the pedicle violation.

Statistical Analysis. Interobserver and intraobserver kappa
scores were then calculated using Stata 7.0 (Stata Corp., Col-
lege Station, TX). The kappa statistic is a reliability test that
measures actual agreement beyond chance compared with po-
tential agreement beyond chance determining23’24 and has
been used in similar studies evaluating interobserver and in-
traobserver agreement.2” A kappa of | indicates complete
agreement of observers in all cases, and a kappa of zero indi-
cates that any observed agreement is attributable only to
chance. The most widely used interpretation of the Kappa sta-

Table 1. Relationship Between Kappa Value and
Strength of Agreement Between Observers

Value of Kappa Strength of Agreement
<0 Poor

0020 Slight

021-040 Fair

041-060 Moderate

061-080 Substantial

0.81-1.00 Almost perfect

tistic is the one proposed by Landis and Koch.23,24°26 In this
scheme, the kappa value correlates with a particular degree of
agreement (Table I). Interobserver and intraobserver kappa
was calculated for both screw types together and for titanium
and stainless steel independently.

We subanalyzed interobserver and intraobserver reliability
for thoracic levels that have larger pedicles and compared them
to thoracic levels that have narrower pedicles. Some investiga-
tors have shown that the diameter of the thoracic pedicle nar-
rows between T4 and T8 and is relatively larger between TI
through T3 and T9 through T12.1,’2/°28 These narrower
pedicles may make interpreting proper pedicle screw placement
more difficult as the likelihood of violation of the pedicle is
greater. Indeed, Cinotti etal suggested that between T4 and T8,
pedicle screws of even 4 mm may violate the pedicle.L’ In order
to identify whether or not instrumentation of these narrower
pedicles would impact interobserver or intraobserver reliabil-
ity, we compared kappa values between TI-T3 and T9-T12
with T4-T8. Sixty-four pedicles were instrumented from TI
and T3, 92 were instrumented between T4 through T8, and 90
were instrumented between T9 through T I2.

m Results

Two hundred forty-six pedicles were instrumented in to-
tal, 182 with titanium screws and 64 with stainless steel
screws. Three observers made three readings of each of
the 12 instrumented spines. This resulted in 738 total
observations per observer. The interobserver kappa
value for all screws was 0.51. The interobserver kappa
value for titanium screws alone was 0.53. The interob-
server kappa value for stainless steel screws was 0.44.
These kappa values correlated with a moderate degree of
agreement.24 The mean intraobserver kappa value for all
screws was 0.63, which correlates with a substantial de-
gree of agreement. The intraobserver kappa value for
titanium screws was 0.63, and the intraobserver kappa
value for stainless steel screws was 0.62. The inter- and
intraobserver results are summarized in Table 2.

The interobserver kappa value for T1-T3 and T9-
T12 combined was 0.51. The interobserver kappa value
for T4-T8 was 0.50. These results suggest that the size of

Table 2. Summary of Interobserver Kappa Values

Titanium Stainless Steel
Al Screws Screws Screws
Interobserver kappa 051 053 04
Intraobserver kappa 0683 063 0
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the pedicle that was instrumented did not impact the
reliability of CT to evaluate screw placement.

m Discussion

Pedicle screw fixation in the thoracic spine is becoming
more common. In the lumbar spine, pedicle screw fixa-
tion is facilitated by larger pedicles.1527'29-"1 The risks
of placement of pedicle screws in the thoracic spine have
led many surgeons to adapt a position of caution. Perfo-
ration rates of the pedicle have been reported at between
1% and 43% ,1and this variation appears to depend on
the postoperative imaging technique (e.g., CT vs. plain
radiography), the grading scheme used, and the thresh-
old for classifying a screw as misplaced. Although high
perforation rates have been reported based on radio-
graphic observation,14'19 most large series report a <2%
complication rate with a low incidence of neurologic and
vascular injury and screw revision.1'9"2

Computed tomography scan has become the study of
choice for postoperative evaluation of pedicle screw
placement as well as for evaluating new tech-
niques."—029-’2-'6 w e recently reported that CT was
useful to determine placement of a thoracic pedicle screw
when we compared the position of a screw on CT with
direct visualization of the instrumented specimen (k =
0.51, moderate agreement).22 However, we found that
CT had a 62% negative predictive value, indicating that
CT may overcall pedicle screw misplacement. Neverthe-
less, we believe that CT remains the best method to judge
screw placement in the clinical environment. We under-
took this study to evaluate the reliability of CT scan
through the determination of interobserver and intraob-
server agreement. In addition, we examined the reliabil-
ity of CT to assess the accuracy of titanium and stainless
steel screws independently.

Our results indicate that for titanium and stainless
steel pedicle screws, CT is a reliable study for assessing
the accuracy of pedicle screw placement throughout the
thoracic spine. The kappa value of 0.51 for all screws
placed correlates with a moderate degree of agreement.
A moderate degree of agreement has been construed to
fall within the fair to good and indicates a level of agree-
ment that is consistent with good reliability.26™7 In the
subanalysis of screw types, the kappa value drops to 0.44
and increases to 0.53 for stainless steel and titanium
screws, respectively. The artifact and flare from stainless
steel screws may render CT slightly less reliable for de-
termining the accuracy of their placement. This finding is
consistent with other studies evaluating the accuracy of
CT scan in identifying pedicle screw placement in the
lumbar spine. Yoo et al found the sensitivity of CT scan
in assessing accuracy of pedicle screw placement in the
lumbar spine to be 86 + 5% for titanium screws and
only 67 + 6% for cobalt-chrome screws.”

The intraobserver agreement was higher for all
screws, titanium and stainless steel (0.63 and 0.62 re-
spectively), and was in the substantial range of agree-
ment. This indicates that each observer performed con-
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sistently when grading the appearance of a pedicle screw
on CT. This is important because too much variation by
each observer would adversely affect the interobserver
agreement and decrease the reliability of the test.25 The
substantial degree of intraobserver agreement also vali-
dates the grading scheme as a method to evaluate tho-
racic pedicle screw placement.

In conclusion, CT scan may be used reliably to evalu-
ate the accuracy of pedicle screw placement in the tho-
racic spine. CT scan will undoubtedly continue to be
used to evaluate the accuracy of pedicle screw placement
in both clinical and laboratory settings. However, our
results show that the type of material used to manufac-
ture a screw used may adversely affect the reliability of
CT scan and reduce the ability of observers to accurately
assess the placement of the device.

m  Key Points

e There is a need to determine the reliability of CT
scan with regard to its use for determining the ac-
curacy of thoracic pedicle screw placement.

» The grading scale presented for extent of pedicle
screw perforation has good intraobserver agree-
ment indicating its reliability.

e Computed tomography scan can be used reliably
to assess the accuracy of thoracic pedicle screws
when titanium screws are used. Stainless screws,
however, provide too much artifact for CT scan to
be reliable.
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