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Abstract Pedicle screw insertion in spinal surgery is a
demanding technique with potential risks to neurological
structures, for example, within the spinal canal. Assessing
screw placement in clinical practice has been performed
using plain radiographs and/or mainly axial computed
tomography (CT) images. Screw placement using CT
image reconstructions in multiple planes has been de-
scribed, but its reliability has yet to be studied. This study
aimed at addressing the clinical issue of interobserver and
intraobserver reliability in the use of axial and coronal CT
images for the assessment of pedicle screw placement. Fifty
nine pedicle screws were studied by two experienced
radiologists on two separate occasions. Screw placement
was classified as “in”, “out” or “questionable”. On average,
88% and 92% of the screws were classified as “in” by the
first and second radiologist, respectively. Intraobserver
agreement strength was almost perfect for both observers
using either axial or coronal images. Interobserver agree-
ment strength was almost perfect (axial) and substantial
(coronal) in the first reading and substantial (axial, coronal)
in the second reading. Assessing screw placement in more
than one CT imaging plane is not only useful but reliable.
Routine use may enhance reporting quality of screw
placement by surgeons and radiologists.
Résumé L’insertion des vis pédiculaires dans la chirurgie
rachidienne est une technique nécessitant une bonne

expérience, avec des risques potentiels, de lésions des
structures neurologiques dans le canal rachidien. Le
positionnement des vis pédiculaires peut être évalué à
l’aide des radiographies ou du scanner avec reconstruction.
Le but de cette étude et de ce travail est de réaliser une
étude inter observateurs du positionnement des vis pédicu-
laires en utilisant le scanner. 59 vis pédiculaires ont été
étudiées par des radiologues expérimentés et lors de deux
épisodes d’analyse séparés. Le placement des vis a été
classé en vis à l’intérieur ou à l’extérieur des pédicules ou
en position douteuse. 88 et 92% des vis ont été classées
respectivement dans le pédicule par le premier et le
deuxième radiologue. Il en est de même des différentes
lectures. Evaluer la position des vis pédiculaires à l’aide du
CT dans plusieurs plans est non seulement utile mais fiable.
Les examens pratiqués de routine pourraient améliorer la
qualité des rapports sur le positionnement des vis pédicu-
laires à la fois pour les chirurgiens et pour les radiologues.

Introduction

Use of pedicle screws for spinal fixation was first reported
in the 1970s [25]. Efforts to study optimal placement and
evaluate safety of pedicle screw instrumentation in the
spine have led to numerous published studies [1–8, 10–16,
18, 19, 21–31]. Specific interests in the accuracy and
precision of pedicle screw placement have been driven by
safety concerns, including the risk for neurological compli-
cations caused by violations to the spinal canal and the
possibility for vascular and/or visceral injury [28, 30].
Placement accuracy, however, is based on how it is defined
and assessed. A large variation in reported accuracy may
exist partly due to the lack of observer reliability in the in
vivo post-operative evaluation method and/or the lack of
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consensus as to what exactly should be considered as
satisfactory pedicle screw placement.

Roentgenogram assessment has been studied and
reported to be unreliable as the sole means of evaluating
pedicle screw placement [8, 29]. Advances in imaging have
led to computed tomography (CT) image assessment
methods being regarded as the current gold standard in
evaluating in vivo pedicle screw placement success [7, 15].
When compared with radiographs, CT image-based evalua-
tions have been reported to improve accuracy [21].
However, in the majority of in vivo studies, evaluation of
pedicle screw placement has been reported using just axial
CT images [1–3, 5, 6, 11, 12, 14, 16, 22, 24, 26]. Only a
few studies have evaluated multiple CT image planes in
reporting placement success [4, 10, 18, 23, 27, 31]. As
pedicle screw placement is a three-dimensional (3D) issue,
addition of the coronal plane may provide important
direction-based information (e.g., cranial or caudal perfo-
rations) for the assessment of screw placement.

Interobserver and intraobserver reliability in assessment
of in vivo pedicle screw placement using axial and coronal
CT images remains to be investigated. This study specifi-

cally aimed to address this issue by having two independent
observers evaluate the incidence of misplacement in axial
and coronal CT images.

Methods

Fifty-nine titanium screws were implanted in 15 consecu-
tive patients (nine men, six women) having an average age
of 41 years during lumbar or lumbosacral fusion. All oper-
ations were performed by the same senior surgeon (CS).
Post-operative CT scans were obtained for all 15 patients in
order to assess implant position. Image acquisition was
performed in helical mode using an eight-detector-row
Lightspeed CT unit (GE Medical Systems, Milwaukee, WI,
USA) in the craniocaudal direction. The imaging series
consisted of 2.5-mm-thick CT sections (collimation
8×2.5 mm) at 2-mm intervals with a pitch of 0.875:1 and
acquisition parameters of 120 kVp and 280 mAs. The raw
data was used to reconstruct axial and coronal cross
sections with a field of view adequate for visualisation of
the spine. Axial and coronal images were blindly assessed

Fig. 1 Accuracy of pedicle
screw placement according to
each observer’s (radiologist 1
and radiologist 2) reading using
axial and coronal computed to-
mography (CT) images

Table 1 Pedicle screw devia-
tion for screws classified as
“out” (OUT) or “questionable”
(Q) by each observer during
each reading

Medial Lateral Caudal Cranial

Reading 1
Radiologist 1 1 OUT, 2 Q 1 OUT, 1 Q 0 0 Axial

1 OUT, 3 Q 1 OUT, 3 Q 0 0 Coronal
Radiologist 2 1 OUT, 2 Q 1 OUT, 1 Q 0 0 Axial

1 OUT 1 OUT, 3 Q 0 0 Coronal
Reading 2
Radiologist 1 1 OUT, 2 Q 1 OUT, 3 Q 0 0 Axial

1 OUT, 2 Q 1 OUT, 3 Q 0 1 Q Coronal
Radiologist 2 1 OUT 1 OUT, 2 Q 0 0 Axial

1 OUT 1 OUT, 3 Q 0 0 Coronal
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separately by two independent radiologists (NT, SB)
according to the “in”, “out” or “questionable” classification
previously published in the literature [6, 19]. In addition,
the observers noted the direction of possible perforation in
screws classified as either “questionable” or “out”. The
position of these screws on axial images was categorised as
either “medial” or “lateral”. On coronal images, “caudal”
and “cranial” directions were added to the aforementioned
axial categories. Furthermore, each observer evaluated the
CT images on two separate occasions (30 days apart) to
allow for calculation of intraobserver reliability. Separate
weighted kappas (κ) were calculated for each reading of the
axial and coronal images to account for the relative
importance in disagreement between the three screw
placement classifications [17]. Using this approach, a lesser
penalty in the final kappa statistic is associated with
observer disagreement in classifying a screw as “question-
able” than in classifying a screw as “out”. Classification
weights were assigned using a quadratic approach [9].
Guidelines for agreement strength were designated by the
kappa value. Kappa ranges showing the strength of
agreement beyond chance were defined as moderate (0.41 ≤
κ ≤ 0.60), substantial (0.61 ≤ κ ≤ 0.80) and almost perfect
(0.81 ≤ κ ≤ 1.00) [17, 20].

Results

Averaging the two readings in both the axial and coronal
images resulted in 88% and 92% of the pedicle screws
being classified as “in” according to the first and second
radiologists, respectively. The percentage of pedicle screws
classified as “in” for each reading separated by observer
can be found in Fig. 1. The observers were consistent in
classifying two pedicle screws as “out” (one medial, one
lateral) in both the axial and coronal images during both
readings (Table 1). During the second reading, one observer
found the coronal images to provide additional directional
information, classifying one screw as “questionable”, with a
possible perforation in the cranial direction.

Interobserver agreement strength (comparing readings
between observers) was almost perfect (κ=0.90) and
substantial (κ=0.69) for screw placement in the first reading
of the axial and coronal images, respectively (Table 2). The
second reading resulted in a substantial interobserver
agreement for both the axial (κ=0.76) and coronal images
(κ=0.78) (Table 3). Intraobserver agreement strength
(comparing chronological readings of a single observer)
was almost perfect for both radiologists using either axial or
coronal images (Tables 4 and 5).

Table 2 Interobserver agree-
ment for the first reading

Axial observations resulted in
almost perfect agreement
(κ=0.90) while coronal obser-
vations resulted in substantial
agreement (κ=0.69)

Axial observations
Radiologist 1
In Questionable Out Total

In 53 1 0 54
Radiologist 2 Questionable 1 2 0 3

Out 0 0 2 2
Total 54 3 2 59

Coronal observations
Radiologist 1
In Questionable Out Total

In 49 5 0 54
Radiologist 2 Questionable 2 1 0 3

Out 0 0 2 2
Total 51 6 2 59

Table 3 Interobserver agree-
ment for the second reading

Axial (κ=0.76) and coronal
(κ=0.78) observations resulted
in substantial agreement.

Axial observations
Radiologist 1
In Questionable Out Total

In 51 4 0 55
Radiologist 2 Questionable 1 1 0 2

Out 0 0 2 2
Total 52 5 2 59

Coronal observations
Radiologist 1
In Questionable Out Total

In 50 4 0 54
Radiologist 2 Questionable 1 2 0 3

Out 0 0 2 2
Total 51 6 2 59
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Thirteen of the 15 patients (87%) reported in this study
had no screws classified as “out” by either observer
regardless of reading. In eight patients (53%) it was agreed
by both observers that all pedicle screws were classified as
“in” during the first reading. During the second reading,
however, one observer found nine (60%) while the other
found eleven (73%) patients to have all pedicle screws
classified as “in”.

Discussion

Post-operative assessment of in vivo pedicle screw place-
ment is important in order to address safety and efficacy
concerns and is helpful in gauging performance and
outcome. Advances in imaging technology have made CT
the predominant post-operative assessment tool. Most in
vivo studies in the literature, however, use only two-
dimensional (2D) axial CT images to evaluate the 3D
nature of pedicle screw placement [1–3, 5, 6, 11, 12, 14, 16,
22, 24, 26]. The addition of another assessment plane, such
as the coronal plane, provides additional information in
evaluating placement success. This study aimed at address-

ing the clinical issue of interobserver and intraobserver
reliability in the use of axial and coronal CT images for the
assessment of pedicle screw placement.

Farber and colleagues using the “in”, “out” or “ques-
tionable” classification demonstrated a significant differ-
ence between CT and plain radiographic assessment in 16
patients [6]. In their study, they showed no significant
difference in interobserver CT readings. Intraobserver
comparisons between CT and radiographs, however, did
approach the level for statistical significance for all
observers. Their findings suggest that CT is more likely to
identify marginal or “questionable” screws when compared
with plain radiographs. The reliability between CT analysis
planes was not discussed in their study.

In a study presented by Fayyazi and colleagues using a
simple “in” or “out” classification for pedicle screw
placement, the authors found a fair to moderate degree of
interobserver and intraobserver agreement using CT and the
kappa statistic [7]. The authors of that study, using
cadaveric specimens to compare the accuracy of CT with
open dissection, concluded that assessment beyond axial
CT may be necessary. The use of multiple classifications
for the assessment of screw placement, such as the three in

Table 4 Intraobserver agree-
ment for Radiologist 1

Axial (κ=0.91) and coronal
(κ=0.84) observations resulted
in almost perfect agreement.

Axial observations
Reading 1
In Questionable Out Total

In 52 0 0 52
Reading 2 Questionable 2 3 0 5

Out 0 0 2 2
Total 54 3 2 59

Coronal observations
Reading 1
In Questionable Out Total

In 49 2 0 51
Reading 2 Questionable 2 4 0 6

Out 0 0 2 2
Total 51 6 2 59

Table 5 Intraobserver agree-
ment for Radiologist 2

Axial (κ=0.85) and coronal
(κ=0.90) observations resulted
in almost perfect agreement.

Axial observations
Reading 1
In Questionable Out Total

In 53 2 0 55
Reading 2 Questionable 1 1 0 2

Out 1 1 0 2
Total 0 0 2 2

Coronal observations
Reading 1
In Questionable Out Total

In 53 1 0 54
Reading 2 Questionable 1 2 0 3

Out 0 0 2 2
Total 54 3 2 59
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our case, and the incorporation of a weighted kappa better
represent a clinical setting in which some screws may be
very difficult to classify as either “in” or “out” in the view
of the observer. This may explain the higher degree of
observer agreement found in our study when compared
with the aforementioned results presented by Fayyazi and
colleagues. However, as in this study, the reliability of
results from our study are limited to the classification
method used during assessment. This classification method
is, however, practical and easy to use in a clinical setting,
allowing for the additional flexibility in classifying mar-
ginal or “questionable” screws. In addition, the two
experienced radiologists in our study were first briefed on
the classification to be used prior to assessing pedicle screw
placement. Such training of the reader has been shown to
be important in improving interobserver variance and CT
reading accuracy [13].

Pedicle screw placement is often limited by the diameter
of the pedicle. Coronal images allow for full visualisation
of this limiting dimension, making them a valuable
additional assessment tool along with the currently widely
used axial CT images. Our study, to our knowledge, is the
first to evaluate observer reliability separately using axial
and coronal CT images. Our findings suggest that recon-
structed images from these two planes, axial or coronal, are
useful and reliable in evaluating pedicle screw placement
success. Nevertheless, misinterpretation remains possible.
Observer training should be performed to maintain sub-
stantial agreement, and the use of both planes is advocated
for better assessment of pedicle screw placement success.
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