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Abstract Study Design A retrospective analysis of a prospective database.
Objective Meta-analyses suggest that computer-assisted systems can increase the
accuracy of pedicle screw placement for dorsal spinal fusion procedures. The results of
further meta-analyses report that in the thoracic spine, both the methods have
comparable placement accuracy. These studies are limited due to an abundance of
screw classification systems. The aim of this study was to assess the placement accuracy
and potentially influencing factors of three-dimensionally navigated versus convention-
ally inserted pedicle screws.
Methods This was a retrospective analysis of a prospective database at a level I trauma
center of pedicle screw placement (computer-navigated versus traditionally placed) for
dorsal spinal stabilizations. The cases spanned a 5.5-year study period (January 1, 2005,
to June 30, 2010). The perforations of the pedicle were differentiated in three grades
based on the postoperative computed tomography.
Results The overall placement accuracy was 86% in the conventional group versus 79% in
the computer-navigated group (grade 0). The computer-navigated procedures were
superior in the lumbar spine and the conventional procedures were superior in the thoracic
spine, but both failed to be of statistical significance. The level of experience of the
performing surgeon and the patient’s body mass index did not influence the placement
accuracy. The only significant influence was the spinal segment: the higher the spinal level
where the fusion was performed, the more likely the screw was displaced.
Conclusions The computer-navigated and conventional methods are both safe pro-
cedures to place transpedicular screws at the traumatized thoracic and lumbar spine. At
the moment, three-dimensionally based navigation does not significantly increase the
placement accuracy.
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Introduction

Stabilizing the spine with dorsal transpedicular screws is an
internationally accepted and commonly performed proce-
dure.1–3 However, it remains challenging, and although rare,
complications can have serious consequences for the pa-
tients.4,5 Navigation systems have been used in orthopedic
surgery for over 20 years.6 Certain advantages have been
reported, but still the worldwide distribution rate is low.7,8 A
major reason may be the high costs; another reason may be
that their superiority over conventional techniques has not
been proven convincingly so far.7 Pedicle screw insertions
were among the first procedures to be performed frequently
with this relatively new technology, and abundant literature
exists on the technology’s advantages and disadvantages.
Most of the studies in the literature are case series or they
examine small numbers of patients and pedicle screws.9–12

The initial intention of computer-navigated techniqueswas to
improve the placement accuracy of the pedicle screws and
with it outcome parameters of surgical procedures, such as
reduced neurologic complications and mechanical failures.
Reports in the literature contradict its accuracy for placement
of pedicle screws, questioning the main argument for using
navigation in spine surgery.13,14

Pedicle screws are commonly used to stabilize both the
traumatized spine and degenerative instabilities.15 The evi-
dence for improved screw placement accuracy when using
navigation systems is even thinner in spinal trauma in
comparison with degenerative changes or mixed study
groups.

Several types of navigation are available [i.e., computed
tomography (CT), two-dimensional (2D), and three-dimen-
sional (3D)], with 3D the most commonly used for the
traumatized spine.6,14

Many factors other than technique potentially influence
the accuracy of pedicle screw placement, such as the experi-
ence of the surgeon and the patient’s body mass index
(BMI).16,17

Our main hypothesis is that 3D-based navigation increases
the accuracy of pedicle screw placement for dorsal spinal
fusion. We further hypothesize that the patient’s BMI and the
surgeon’s experience influence the rate of screw
misplacements.

Materials and Methods

A retrospective analysis of a prospective database during a
5.5-year study period (January 1, 2005, to June 30, 2010) was
conducted at a level I trauma center on all computer-navigat-
ed and conventionally placed pedicle screws for spinal
fusion procedures. The inclusion criteria consisted of all
patients who had pedicle screws placed in the inclusion
period (►Table 1). The exclusion criteria were fixation with-
out pedicle screws, missing postoperative CT, and 2D and
CT-based navigation.

Patients were not randomized to the groups. The decision
to use or not to use a navigation system was discussed in a
conference the day before surgery and depended on the Ta
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spinal level and the surgeon’s preference as well as the
experience with the different techniques. The indication for
the surgical treatment was based on the clinical findings and
the preoperative imaging, which consisted in the majority of
cases in a CT in addition to conventional X-ray images and
additional magnetic resonance images.

Surgical Technique in the Computer-Navigated Group
Patients were placed in a prone position on a radiolucent
carbon table. Using lateral fluoroscopic images, the surgical
approach was determined and marked prior to fixing the
sterile drapes to the surgical site. Via a midline approach, the
dorsal spinal segments were visualized. A reference clamp
was attached to the spinous process, inmost cases at themost
caudal vertebra. Next, a 3D scan was performed. The data
were transferred automatically to the workstation of the
navigation system (Vector Vision, Brainlab, Feldkirch,
Germany). The data setwas verifiedwith a navigationpointer.
Then screwplacementwas planned, following the steps of the
navigation software. The pedicle was opened with either a
computer-navigated awl or drill guide. The bone channel was
tested with a non-navigated ball tip probe. Finally, using a
navigated hand drill, the screw was inserted following the
previously determined trajectory (►Fig. 1). In addition to the
navigation system, the screws were controlled with fluoro-
scopic images in 2D mode in both the anteroposterior and
lateral planes.

Surgical Technique in the Conventional Group
Patients were placed in a prone position on a radiolucent
carbon table. Using lateral fluoroscopic images, the surgical
approach was determined and marked prior to fixing the
sterile drapes to the surgical site. Via a midline approach, the
dorsal spinal segments were visualized. The entry point was
determined under anteroposterior fluoroscopic control. The

pedicle was opened either with an awl or a drill. Then the
bone channel was tested with a ball tip probe. Screw depth
was determined under lateral fluoroscopic control.

During the study period, the same pedicle screws and
instruments were used in both the groups (Universal Spine
System, Synthes, Umkirch, Germany). Two different fluoro-
scopes were used in both the groups (Iso-C 3D or Arcadis
Orbic 3D, both Siemens, Erlangen, Germany), although the
C-arms were used in 2D mode in the conventional group.
Surgeons were free to perform an intraoperative 3D scan to
control the final result, which was done in less than 10% in
both groups.

All patient-related data as documented in the patients’
files were recorded as well as all complications and revision
surgeries in the study period. All included patients received a
postoperative CTwith multiplanar reconstruction and a slice
thickness of 1 mm of the fused region to control the position
of the implant in the sagittal, coronal, and transverse plane.

The images were analyzed by a blinded viewer (J.W.), and
the position of the screw was determined regarding the
distance to the medial and lateral bone margin of the pedicle
and the position of the tip of the screw in the vertebral body
(►Figs. 1 and 2). In an unclear situation, which was the case
with only 24 screws, a second viewer (M.K.) reassessed the
grading and both viewers had to agree. Perforations of the
pedicle were differentiated in three grades: grade 0, accurate
(no breach of the compact tissue); grade 1, perforation less
than 2 mm; grade 2, perforation of 2 mm or more.

Fig. 1 All screws were analyzed with postoperative computed
tomography. All perforations were measured using the PACS (picture
archiving and communication system) of the hospital (perforations
were measured in mm). A screw without perforation (complete
intraosseous) in transverse, sagittal, and frontal plane was classified as
“grade 0.”

Fig. 2 All perforations were measured in mm. If the perforated part of
the pedicle was not visible due to interferences caused by the screw,
the diameter of the nonperforated side was measured, serving as
reference (A and B). Assuming a similar pedicle size on the perforated
side, these distances were used to define the invisible pedicle wall on
the perforated side (A� and B� ¼ A and B). Then the magnitude of the
perforation was determined (C). (Red line: midline of the pedicle;
dashed white line: assumed pedicle wall; dotted red line: exactly
definable bony margins).
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Statistical Methods
Continuous variables were summarized as means, standard
deviations, medians, minimums and maximums. Nominal
and ordinal variables were analyzed using frequencies. The
group comparisons for nominal variables at the patient’s level
were performed using the chi-square test or Fisher exact test
as appropriate. The group comparisons for continuous vari-
ables at the patient’s level were performed using the two-
sample t test. For regression analyses, the perforation of the
pedicle was dichotomized: grade 0 and grade 1 were sum-
marized in one category, and grade 2 was the other category.
The influence of the group (3D-navigated versus convention-
al), segments of the spine, BMI, and level of experience were
analyzed using mixed-effects regression analysis. Mixed-
effects regression models for a binary outcome were used
for the investigation of the mentioned variables influencing
perforation of the pedicle. In all regression models, the single
patient is included as random effect.

Statistical analyses were performed using SAS 9.2 (SAS
Institute, Cary, North Carolina, United States). PROCGLIMMIX
was used to fit the mixed-effects regression models. Because
of the explorative nature of this study, no adjustment for

multiple testing was made. A p value less than 0.05 was
considered as significant. The results of all the statistical tests
are interpreted in an exploratory sense.

Results

If not stated otherwise, all values are reported as mean �
standard deviation (minimum; maximum). During the 5.5-
year study period, 461 patients were identified in the data-
base. Using the previouslymentioned inclusion and exclusion
criteria, 452 (98%) patients with a total of 2,021 pedicle
screws were included. Due to incomplete or missing postop-
erative imaging of these, 2,003 (99%) pedicle screws were
analyzed. The demographic data in both groups were com-
parable (►Table 1). In the conventional group, 250 patients
received a total of 1,069 screws, and 934 pedicle screws were
inserted with 3D navigation. The main reasons for surgery
were trauma-related fractures of the spine followed by
malignant processes needing surgical intervention
(►Table 2). It took on average 12 minutes longer to navigate
the procedure [109.3 � 50.4 (40; 321) minutes versus
97.3 � 49.1 (30; 300) minutes]. There were no differences

Table 2 Reasons for surgical posterior fusion

Reasons Without
navigation

With navigation Total p

n % n % n %

Fracture, fall from a height 128 51 90 44.3 218 48 0.17

Fracture, traffic accident 53 21.1 53 26.1 106 23.3 0.21

Tumor 47 18.7 40 19.7 87 19.2 0.79

Other 23 9.2 20 9.9 43 9.5 0.80

Total 251 100 203 100 454 100

Table 3 Screw-associated and general complications with and without surgical revision

Complication Conventional 3D navigated Total p

n % n % n %

Revisions 21 8.4 9 4.5 30 6.6 0.09

Screw associated complications undergoing surgical revision

Inacceptable position 4 1.6 2 1.0 6 1.3 0.70

Mechanical failure 5 2.0 0 0.0 5 1.1 0.07

General complications undergoing surgical revision

Wound-healing disorder 3 1.2 3 1.5 6 1.3 >0.99

Deep infection 4 1.6 4 2.0 8 1.8 >0.99

Bleeding 1 0.4 1 0.5 2 0.4 >0.99

Intraspinal fragment 7 2.8 1 0.5 8 1.8 0.08

General complications without surgical intervention

Neurologic 1 0.4 1 0.5 2 0.4 >0.99

Vascular 1 0.4 0 0.0 1 0.2 >0.99

Abbreviation: 3D, three-dimensionally.
Note: % ¼ percent of all patients of the respective group.
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between the groups regarding the duration of inpatient
treatment [15.8 � 9.2 (4; 58) days for conventional cases
versus 16.0 � 9.7 (1; 73) days, p ¼ 0.85]. In the conventional
group, 36 patients (14.4%) were fused ventrally, 12 of which
were done in the same session, compared with 5 patients
(7.4%) in the computer-navigated group, 9 of which were
done in the same procedure as the dorsal fusion. The rate of
patients undergoing laminectomy was not comparable in
both groups: 69 patients (27.6%) in the conventional group
versus 39 (19.3%; p ¼ 0.04).

In the conventional group, 27 patients (10.8%) had a pre-
operative neurologic disorder compared with 21 patients
(10.4%) in the computer-navigated group. Postoperatively, 3
patients in the conventional group (1.2%) and 2 patients in the
computer-navigated group (1.0%) had a procedure-related
neurologic deficit. Other complications were comparably low
for both modalities, although there were no mechanical im-
plant failures in the computer-navigated group, whereas
5 patients receiving 23 screws in the conventional group
needed surgical revision due to mechanical failure (►Table 3).

Table 4 Number of screws of each instrumented vertebra and distribution on grades

Position Grade 0 Grade 1 Grade 2 Total

Conven-
tional

3D
navigated

Conven-
tional

3D
naviga-
ted

Conven-
tional

3D
naviga-
ted

Spinal level Vertebra n % n % n % n % n % n % Conventional
(n)

3D
navigated
(n)

Cervical 1/2 0 0 9 90 0 0 0 0 0 0 1 10 0 10

3 0 0 0 0 0 0 0 0 0 0 0 0 0 0

4 2 100 2 100 0 0 0 0 0 0 0 0 2 2

5 4 100 4 100 0 0 0 0 0 0 0 0 4 4

6 0 0 4 100 0 0 0 0 0 0 0 0 0 4

7 4 100 6 75 0 0 0 0 0 0 2 25 4 8

Subtotal (n) 10 100 16 89 0 0 0 0 0 0 2 11 10 18

Thoracic 1 2 100 14 88 0 0 1 6 0 0 1 6 2 16

2 3 75 15 68 0 0 2 9 1 25 5 23 4 22

3 5 71 32 68 0 0 8 17 2 29 7 15 7 47

4 6 75 23 59 0 0 9 23 2 25 7 18 8 39

5 10 83 50 69 1 8 11 15 1 8 11 15 12 72

6 13 72 41 68 2 11 10 17 3 17 9 15 18 60

7 15 83 48 65 3 17 11 15 0 0 15 20 18 74

8 27 75 36 72 5 14 8 16 4 11 6 12 36 50

9 26 76 42 75 7 21 8 14 1 3 6 11 34 56

10 32 82 33 79 2 5 7 17 5 13 2 5 39 42

11 83 73 60 83 19 17 8 11 11 10 4 6 113 72

12 155 89 76 84 16 9 6 7 4 2 8 9 175 90

Subtotal (n) 377 81 470 73 55 12 89 14 34 7 81 13 466 640

Lumbar 1 145 88 67 88 13 8 5 7 6 4 4 5 164 76

2 183 94 76 86 9 5 11 13 3 2 1 1 195 88

3 91 89 39 93 6 6 2 5 5 5 1 2 102 42

4 67 91 23 96 5 7 0 0 2 3 1 4 74 24

5 29 73 21 88 5 13 3 13 6 15 0 0 40 24

Subtotal (n) 515 90 226 89 38 7 21 8 22 4 7 3 575 254

Sacral 1 16 89 12 100 0 0 0 0 2 11 0 0 18 12

Total (n) 918 86 724 78 93 9 110 12 58 5 90 10 1,069 934

Abbreviation: 3D, three-dimensionally.
Note: % ¼ percent of all screws of the respective vertebra of each method.
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The majority of screws were implanted in the thoraco-
lumbar junction with a clear tendency to use the navigation
system for procedures at the high thoracic spine (►Table 4).
The only parameter that significantly influenced the accuracy
of pedicle screw placement was the spinal level. The accuracy
of screw placement in the high thoracic spine (T1–T6) was
significantly lower in comparison with screws in the thor-
acolumbar junction [T12–L1: odds ratio 4.283, 95% confi-
dence interval (CI) 2.617 to 7.008, p < 0.01] and the lumbar
spine (odds ratio 3.583, 95% CI 1.851 to 6.937; p < 0.01).
Comparing screws of the higher thoracic levels (T1–T6) and
the lower thoracic levels (T7–T10), there was a tendency of
greater placement accuracy for lower levels without a sta-
tistically significant distinction (odds ratio 1.489, 95%CI 0.901
to 2.460; p ¼ 0.12). Screws implanted in lower levels of the
thoracic spine (T7–T10) were more likely to be placed inac-
curately than screws in the lumbar spine (odds ratio 2.407,
95% CI 1.236–4.685; p < 0.01). The data showno difference in
placement accuracy between screws inserted in the first
sacral vertebra and the lumbar spine (odds ratio 0.701, 95%
CI 0.135 to 3.637, p ¼ 0.67). Analyzing the screws using the
“in versus out” grading, there was no significant difference
between computer-navigated and conventionally implanted
screws when comparing the overall placement accuracy of all
spinal levels (odds ratio 0.820, 95% CI 0.523 to 1.285,
p ¼ 0.39). Dividing the spine in clinically relevant segments
did not reveal significant differences between the two groups
(T1–T6: odds ratio 1.057, 95% CI 0.414 to 2.698, p ¼ 0.91; T7–
T10: odds ratio 0.569, 95% CI 0.238 to 1.364, p ¼ 0.21; T10–
L2: odds ratio 0.687, 95% CI 0.354 to 1.337, p ¼ 0.27; L3–L5:
odds ratio 2.593, 95% CI 0.537 to 12.522, p ¼ 0.23). Due to the
small numbers of screws, no comparative statistical testing
was done in the cervical spine. Differentiating between each
single vertebra, there were surprisingly more accurately
inserted pedicle screws in the conventional group for the
thoracic vertebrae, whereas computer-navigated systems
showed better results in the lumbar levels (►Table 4). The
majority of screws showed a ventral displacement of the
vertebral body. In comparison with the non-navigated
screws, the computer-navigated screws perforated signifi-
cantly more often in the lateral aspect of the pedicle

(p ¼ 0.0001). Medial breeches were distributed evenly in
both the groups (p ¼ 0.996; ►Table 5).

Other than the spinal level, no other examined modality
influenced the accuracy of pedicle screw placement. A total of
16 surgeons performed the surgical procedures during the
study period. They were classified depending on their level of
experience in five grades; grade 1: less than 6 years of training,
not specialized in orthopedic surgery; grade 2: specialized in
orthopedic surgery but not a senior physician; grade 3: senior
physician (more than 2 years after specialization); grade 4:
spine surgeon (more than 50 cases in the inclusion period);
grade 5: head of department (most experienced surgeon). The
majority of procedures were performed by surgeons of level 3
and 4. The experience grade (grades 4, 5 versus grades 1, 2, 3)
had no statistically significant influence on the placement
accuracy of pedicle screws (odds ratio 0.990, 95% CI 0.650 to
1.509, p ¼ 0.96). The BMI did not influence the placement
accuracy, either (BMI < 30 versus BMI � 30: odds ratio 0.684,
95% CI 0.396 to 1.181, p ¼ 0.17). Looking at the four surgeons
with the most cases in this series, no preference for one or the
other techniquewas found [n(total) ¼ 291, n(navigated) ¼ 152,
n(not navigated) ¼ 139]. We performed another subanalysis
taking the personally favored technique into account and were
not able to determine a significant difference regarding the
accuracy of pedicle screw placement. There was a clear prefer-
ence to use the navigation system in higher spinal levels
(►Table 5). The presence of polytrauma did not significantly
influence the placement accuracy, either (p ¼ 0.6406). Further
results are demonstrated in ►Table 6.

Discussion

In this retrospective analysis, we examined 452 patients
receiving a total of 2,003 pedicle screws with postoperative
computed tomography eligible for evaluation. We hypothe-
sized that computer-navigated procedures are more accurate,
that the BMI influences the accuracy, and that the experience
of the performing surgeon influences the accuracy. None of
these hypotheses could be confirmed with our study. The
modality (computer-navigated or conventionally placed), the
experience, and the BMI did not influence the accuracy of

Table 5 Direction of screw perforationa

Perforation Conventional 3D navigated

Direction Extent (mm) n % n %

Lateral �2 40 3.7 54 5.8

>2 30 2.8 67 7.2

Medial �2 53 4.9 56 6.0

>2 22 2.0 19 2.0

Superior 4 0.4 1 0.1

Inferior 2 0.2 1 0.1

Ventral 60 5.6 75 8.0

Abbreviation: 3D, three-dimensionally.
aVentral dislocation was often combined with lateral perforation, so one screw was able to count for two directions of perforation.

Global Spine Journal Vol. 5 No. 2/2015

Dorsal Pedicle Screws and Computer-Aided Surgery Kraus et al.98

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



pedicle screw placement for spinal fusions. The exclusively
significant factor was the spinal level of fusion: the higher the
level, the more inaccurate the screw position. Overall, 85.9%
of the non-navigated screws and 78.5% of all the computer-
navigated screws were placed completely intraosseous; add-
ing grade 1 screws (displacement less 2 mm), an acceptable
screw position was achieved in 94.6% of the conventionally
placed screws and 90.3% of the computer-navigated screws.

The strength of this analysis is the huge number of patients
and screws all being treated in a single center and the complex
mathematical analysis of our data: mixed-effects regression
models for a binary outcome were used to address multiple
(statistically dependent) measurements within the patients.

The limitations are the study’s retrospective design, which
impairs the data quality and leads to a loss of important
information. Furthermore, because of the explorative nature
of our study, the results from the statistical tests have to be
interpretedwith caution: all significant differences (p < 0.05)
showed only a tendency. However, the major bias is the
missing randomization to one or the other group, leaving it
to the choice of the surgeon whether to use a navigation
system. Surgeons experienced with the system may tend to
use it in every situation the system was available, and
surgeons less familiar with navigation systems may choose
to go without.

In this study, the experience of the surgeon did not show
any statistically significant impact. In a teaching hospital,
where young doctors are trained to become orthopedic
surgeons, all surgical procedures are performed under guid-
ance of a more experienced, senior physician. Although
younger surgeons inserted the screws and performed the
procedures, the senior physicians advised the younger ones
how to do it and, if required, correctedmistakes (for example,
the position of the hand while drilling the screw in the
pedicle). This effect cannot be determined retrospectively,
and therefore it is not astonishing that the experience of the
surgeon did not show significant differences regarding the
screw placement accuracy.

Whether navigation increases placement accuracy is still
lively discussed, and the reports in the literature are contra-

dictory. Entering the search term “pedicle screw” and setting
filters to “meta-analysis,” the PubMed database delivers five
publications (as of January 28, 2013). Setting filters to “sys-
tematic review” produces a total of 56 articles, of which 7
contribute directly to the topic. Based on 43 publications (28
clinical, 14 cadaveric, and 1 model study), Tian and Xu
concluded that navigation systems can increase the accuracy
for pedicle screw placement and that the best accuracy can be
achieved with 3D-based navigation,18 which is the modality
we examined in this project. They did not explicitly differen-
tiate between spinal segments but focused on different
navigation modalities (i.e., CT, 2D, and 3D). The majority of
included studies consisted of small collectives with degener-
ative or not further determined spinal conditions. Similar
results were reported by another meta-analysis examining
5,992 pedicle screws. Verma et al found 93.3% of the comput-
er-navigated screws and 84.7% of the conventionally inserted
screws were accurately placed (p < 0.00001).19 Tian et al
examined different navigation methods and found 90.76%
accurate screw placement in the CT-based group versus
85.48% in the 2D-based group. This analysis did not report
on conventionally inserted screws.20 Kosmopoulos and Schi-
zas reported an in vivo median placement accuracy of 95.1%
with and 90.3%without computer navigation, although half of
the studies did not report on how placement accuracy was
determined.13 The overall placement accuracy without these
studies was 86.7% (our study: 82.4%). Interestingly, differ-
ences in the weighted mean placement accuracy in the
navigation-assisted subgroup (90.6%) compared with the
computer-navigated subgroup (90.7%) could not be demon-
strated, although the authors noted that the descriptive
statistics suggested greater placement accuracy for most of
the computer-navigated subgroups. As in our study, the
placement accuracy in the thoracic spine in the in vivo group
was greater in the conventional group (94.3% versus 82.2%;
our study: grade 0: conventional 80.9% versus 73.4%, grade
0 þ 1: 92.7% versus 87.3%). Analyzing the subsegments in our
study, navigation can increase the placement accuracy for
certain levels of the lumbar spine, whereas the conventional
method delivers better results in the thoracic spine. In their

Table 6 Additional results of the regression analysis

Variable Group 1 Group 2 Odds ratio 95% confidence limit p

Technique T1–6 (navigated) T1–6 (conventional) 1.06 0.41–2.69 0.91

Technique T7–T10 (navigated) T7-T10 (conventional) 0.57 0.24–1.36 0.21

Technique T10–L2 (navigated) T10-L2 (conventional) 0.69 0.35–1.34 0.27

Technique L1–L5 (navigated) L 1-L5 (conventional) 2.59 0.54–12.62 0.23

BMI �30 (all screws) >30 (all screws) 0.69 0.39–1.18 0.17

BMI �25 (all screws) �30 (all screws) 0.75 0.42–1.34 0.33

BMI/technique >30 (navigated) >30 (conventional) 0.91 0.55–1.51 0.72

BMI/technique >30 (T1–6, navigated) >30 (T1–6, conventional) 1.27 0.43–3.75 0.66

BMI/technique >30 (T7–10, navigated) >30 (T7–10, conventional) 0.75 0.29–1.93 0.55

Spinal level S1 (all screws) L1–L5 (all screws) 0.7 0.14–3.64 0.67

Abbreviation: BMI, body mass index.
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discussion, Kosmopoulos and Schizas described the strongest
limitation to be the missing statement of how the placement
accuracy was determined in many studies and cite the
discussion presented by Laine et al.13,21 The authors dis-
cussed the influence on placement accuracy classification
systems on final outcome, as some authors define a “safe
zone” (in the cited publication at the lumbar spine) of 4 mm
adjacent to the pedicle and classify screws in this zone as
correct,22 whereas other studies (as we did in our examina-
tion) define placement accuracy in grades and describe
exactly how the distribution was performed. Tjardes et al
performed a review on 276 publications dealing with image-
guided spine surgery and came to a similar conclusion.14

In contrast to most studies analyzed in the previously
mentioned meta-analyses and reviews, the main indication
for fusing spinal segments in our population was trauma-
related. This may explain slight differences in the placement
accuracy rate, although most hitherto published results are
well reflected in our work.

In this study, the computer-navigated screws had a ten-
dency to perforate the lateral aspect of the pedicle, which
conforms to results published by Gelalis et al.23 Therefore our
study is the second survey to demonstrate such an astonish-
ing effect of a certain technique on screw position. The
authors of the latter-mentioned study reported that conven-
tional screws are more likely to perforate the medial side,
which we did not see in our study. They argue that surgeons
are more likely to accept lateral screws than medial screws
because a correlation betweenmedially displaced screws and
neurologic disorders has been reported; the authors question
whether improved patient outcome of computer-navigated
procedures may be based more on the lateral screw place-
ment rather than on positive effects of the navigation
technique.24,25

In a recent study, Waschke and his team examined the
influence of CT-based navigation in 4,500 screws and dem-
onstrated greater placement accuracy in the computer-
navigated group.17 However, only half of the included pa-
tients had fractures of the spine, and, more importantly, the
navigation technique was different than the modality of our
work. The authors used a mobile CT gantry attached to a
mobile CT examination table, whereaswe used amobile 3D C-
arm. The image quality is vital to successful navigation; the CT
can deliver clear images also in upper thoracic levels, but the
image quality of a 3D C-arm is limited due to artifacts caused
by the shoulder region of the patient. Second, the main
indications in our patients were fractures, probably causing
a higher mobility of the instrumented spinal segments in
comparison with degenerative indications, which is a poten-
tial bias difficult to determine.

Conclusion

In the traumatized spine, pedicle screw insertion with and
without the use of a navigation system are safe methods. In
contrast to other studies, which showed greater placement
accuracy of different computer-navigated modalities in com-
parison with non-navigated techniques, we found that a 3D-

based navigation technique does not contribute greater
placement accuracy in spinal trauma care. Besides the place-
ment accuracy, there may be others reasons to use this
technique (e.g., reduced emission of radiation, image fusion,
tumor surgery), whichwe did not evaluate in this study.With
technical improvements and new developments, the naviga-
tion technique might have the potential in the future to
increase the placement accuracy as well and finally to help
improve outcome parameters for the patients. To our best
knowledge, there is no published study reporting on im-
proved patient outcome if navigation systems are used, but
we agree with Altman and Bland that the “absence of evi-
dence is not evidence of absence,”26 and prospective random-
ized long-term studies are necessary to finally answer these
questions.
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