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Abstract Internal fixation is the established dorsal stan-
dard procedure for the treatment of thoracolumbar fractures.
The main problem of the procedure is the false positioning
of the pedicle screws. The exact determination of pedicle
screws has up to now only been possible through post-
operative computed tomography. This study was intended
to clarify the diagnostic value of intraoperative 3D scans
after pedicle screw implantation in thoracolumbar spine
surgery. The direct intraoperative consequences of the 3D
scans are reported and the results of the 3D scans are
compared with the postoperative computed tomography
images. Intraoperative 3D scans were prospectively carried
out from June 2006 to October 2008 on 95 patients with
fractures of the thoracolumbar spine that have been treated
with internal fixation. Screws positions were categorised
intraoperatively, screws in relevant malposition were
repositioned immediately. A computed tomography of the
involved spinal section was carried out postoperatively for
all patients. The positions of the pedicle screws were
determined and compared in the axial reconstructions of
both procedures. Four hundred and fourteen pedicles with
enclosed screws were evaluated by the 3D scans. The time
needed for carrying out the 3D scan amounts to an average
of 8.2 min. Eleven screws (2.7%) in ten patients were pri-
marily intraoperatively repositioned on the basis of the 3D
scan evaluation. Two of 95 patients had to have false
positions of the screws revised secondarily following
evaluation of the computed tomographies. The secondary
postoperative revision rate of the patients amounts to 2.1%.
In relation to the number of screws, this is a revision rate of
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0.5%. The postoperative computed tomographies showed
323 pedicles without cortical penetration by the screws
(78.0%). Ninety-one screws penetrated the pedicle wall
(22%). It was possible to postoperatively compare the
position classifications of 406 pedicle screws. The CT
showed 378 correct screw positions, while 28 screws were
positioned falsely. On the basis of the 3D scans, 376 of 378
correct positions were correctly assessed. Twenty-one of 28
false positions could be correctly classified. The sensitivity
of all 3D scans reached 91.3% and the specificity 98.2%.
The position of 97.8% of the pedicle screws was correctly
recognised by the intraoperative 3D scan. Nine screws were
classified falsely (2.2%). The comparison of the classifica-
tion results showed significantly higher error findings by the
3D scan in the spinal section T1-10 (P = 0.014). The
image quality of the 3D scan correlates significantly with
the width of the scanned pedicle, with the body mass index,
the scanned spinal section and the extent of the fixation
assembly. 3D scans showed a high accuracy in predicting
pedicle screw position. Primary false placement of screws
and primary neurovascular damage cannot be avoided. But
intraoperative evaluation of the 3D scans resulted in a pri-
mary revision rate of 2.7% of the pedicle screws and we
could lower the secondary revision rate to 0.5%.

Keywords Three-dimensional fluoroscopy -
Intraoperative 3D-imaging - Pedicle screws -
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Introduction

Vertebral body fractures with an accompanying neurologi-

cal deficit, relevant axis deviation and instability criteria
represent an indication for operative stabilisation [28].
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Dorsal, ventral and combined fusions are standard methods
of treatment. The dorsal repositioning and stabilisation of
fractures of the thoracic and lumbar portions of the spine
with transpedicle screws was introduced by Roy-Camille
[23]. Internal fixation is in the meantime the established
standard procedure for the care of thoracolumbar fractures
and is an indispensible instrument in degenerative dorsal
fusion surgery. The main problem of the procedure is the
false positioning of the pedicle screws, which affects up to
40% of the screws [7]. This results in revision rates from
2.8 to 6.6% [16, 24]. Lateral malpositions affect the sta-
bility and can cause loosening of the fixateur. Medially
misplaced screws can cause primary and secondary
neurological damages.

Navigation-supported procedures can reduce the rate of
false positioning, but cannot exclude the possibility of
considerable false positions [12, 26]. The exact determi-
nation of pedicle screw positions has up to now only been
possible through computed tomography of the spinal sec-
tion involved. Conventional X-rays and intraoperative
image intensifier examinations offer no adequate diagnos-
tic certainty [4]. However, intraoperatively stationed
computed tomographies are only seldom available.

Meanwhile mobile 3D image intensifiers that provide
multiplanar reconstructions of the scanned body section
from isocentrically acquired conventional X-ray images are
available [22]. They could be used as a pure diagnostic
tools and in combination with a navigation system. Intra-
operative use of 3D image intensifier as a diagnostic tool
cannot prevent primary damage of neurovascular structures
by pedicle screws. But, reliable intraoperative identifica-
tion of misplaced screws can reduce secondary operative
revision rates of the patients.

This study was intended to clarify the diagnostic value
of intraoperative 3D scans after pedicle screw placement
during treatment of dorsal fractures of the thoracolumbar
spine in comparison with postoperative computed tomo-
graphy and to evaluate the immediate intraoperative
consequences of the 3D scans.

Materials and methods

In the course of a prospective study carried out between
June 2006 and October 2008 with 95 consecutive patients
(55 male, 40 female) who were treated for a fracture of the
thoracolumbar spine with internal fixation, an intraopera-
tive 3D-imaging scan with the mobile “Ziehm Vario 3D”
fluoroscopic unit (Ziehm Imaging GmbH, Nuremberg,
Germany) was carried out. The patients were aged between
11 and 82 years old with a mean age of 54. Indications
for stabilisation were traumatic instable fractures (type
A2.3/3.1/3.2/3.3, all type B and C).
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The patients were operated on in a face-down position
on a radiolucent carbon table. As fixation we used the
“Universal Spine Systems” (USS, Synthes, Umkirch,
Germany) with screws with a thickness of 4.0-7.2 mm.
Each pedicle diameter was measured at the preoperative
CT to implant screws with the largest possible diameters.

Pedicle screws were placed using anatomical landmarks
as guided by lateral fluoroscopic imaging and preoperative
computed tomography scan review. Thoracic starting point
was at the junction of horizontal line along the inferior
border of the facet joint and a vertical line at the junction of
the outer third to central third of the facet joint. Lumbar
starting point was the junction of mammillary process,
inferior aspect of transverse process and pars interarticu-
laris. The entry point was opened sharply and an awl was
used to cannulate the pedicle and vertebral body to the
anterior cortex. Anteroposterior fluoroscopic view was
used when problems with awl or screw insertion occurred.

The 3D scan was carried out with 63 patients following
the placement of the pedicle screws and with 32 patients
following the complete installation of the fixation. The
period following the calibration of the devices until the end
of the isocentric image acquisition loop was defined as a
“scan process” and recorded in minutes. The isocentric
recording of the image data took place in a condition of
apnoe through the fully automatic, motorised, orbital
movement of the C-arm with a maximum rotational radius
of 135° around the patient. A total of 100-120 individual
images were required for each patient. Upon conclusion of
the isocentric scan, the device calculates a 3D data record
from the images of the film loop through algebraic recon-
struction algorithms, for which the scan volume corre-
sponds to a cube with edge lengths of 12 cm. The data
record allows reconstructions on the axial, sagittal and
coronary levels.

The 3D scan was evaluated intraoperatively by the
surgeon. The foundation for the evaluation was the clas-
sification according to Zdichavsky [31]. This was followed
by a breakdown into six possible positions. These were
defined by the location of the pedicle screws and the
diameter of the pedicle screws in relation to the pedicle and
the corpus. A precise explanation is provided in Table 1
and in Fig. 1.

Where false positions requiring revision were found, the
relevant screws were repositioned. False positions abso-
lutely requiring revision were those of type Illa and IIIb;
those false positions with a relative need for revision were
of type Il a and II b. A second 3D scan was carried out on
three patients following repositioning. In the case of
intraoperative repetition of the scan, the second 3D scan
was evaluated in comparison to the CT.

A postoperative computed tomography of the relevant
spinal section was carried out on all patients (Aquilion 32,
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Table 1 Scoring system of pedicle screws by Zdichavsky et al. [31]
Grade Criteria of the pedicle screw scoring system
Ta >Half of PSD within the pedicle and >half of PSD within the vertebral body
Ib >Half of PSD lateral outside the pedicle and >half of PSD within the vertebral body
Ila >Half of PSD within the pedicle and >half of PSD lateral outside the vertebral body
1Ib >Half of PSD within the pedicle and tip of PS crossing the middle line of the vertebral body
1Ia >Half of PSD lateral outside the pedicle and >half of PSD lateral outside the vertebral body
1IIb >Half of PSD medial outside the pedicle and tip of PS crossing the middle line of the vertebral body
PS pedicle screw, PSD pedicle screw diameter
Fig. 1 Scoring system of .
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Toshiba Computer Systems, Neuss, Germany). A program
to reduce metal artefacts was used with a kollimation
thickness of 0.5 mm.

The postoperative appraisal of the 3D scan and of the
computed tomography was carried out at different times by
two experienced spinal surgeons (T. Mittlmeier, M. Beck)
using the consensus procedure. In the event of differences
in their findings, the “higher grade” false position was
automatically taken. The CT results are evaluated as the
“gold standard” for the comparisons.

In the axial reconstructions of both procedures, the
positions of the pedicle screws were defined using the
classification of Zdichavsky et al. [31] (Fig. 1). The maxi-
mum width of the pedicle involved was measured in the CT
in millimetres. The thoracolumbar spine was divided up
into the sections T1-T10 and T11-L5 in accordance with its
anatomic-functional structure.

The image quality of the 3D scan was classified as good,
average or poor for each screw (Fig. 2). The evaluation
criteria are explained in Table 2.

The “body mass index” (BMI) of the patients was
defined in accordance with the recommendations of the
WHO and the patients divided into three groups (over-
weight, normal weight, underweight). Three patients
were underweight (BMI < 20kg/m2), 37 were of normal
weight (BMI 20-24.99 kg/m?) and 55 were overweight
(BMI > / = 25 kg/m?).

The statistical calculations were carried out with the
software programme SPSS Version 15 (Chicago, USA).
The Chi-square test according to Pearson was used for the
statistical evaluation. A value of P < 0.05 was accepted as
statistically significant.

Results

Intraoperative scans were carried out on 95 patients in the
period examined. Four hundred and fourteen pedicles with
enclosed screws were recorded and evaluated by the 3D
scans. The distribution of the pedicle screws to the
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Fig. 2 T12 with two pedicle screws in good picture quality. Both
cortices are visible

individual vertebral bodies and the two spinal sections are
shown in Table 3.

The installations encompassed 85 x 4 screws, 3 X 6
screws and 7 x 8 screws. In all cases all screws were
scanned in only one cycle.

Eleven screws in ten patients were primarily intraopera-
tively repositioned on the basis of the 3D scan evaluation.
Three screws were conspicuous in the intraoperative 3D
scan as lateral type Illa false positions and were primarily
repositioned. Postoperatively the computed tomographies

showed all three corrected screws as being in the correct
type la position.

The intraoperative evaluation of the 3D scan classified
eight screws as having medial malpositions with a need for
primary revision (Fig. 3a, b). Four type IIIb screws were
revised and the CT showed two as moderate type IIb false
positions and two as ideal type la positions following
correction. Four screws in the type IIb position were cor-
rected and were conspicuous in the CT as a type Ia posi-
tion. Of 11 screws primarily evaluated as falsely
positioned, 9 could be corrected to an ideal type Ia position,
while 2 screws showed a tolerable medial false positions of
type IIb.

A second intraoperative 3D scan was carried out on
three patients following the correction of the screws, which
confirmed a correction of the position for each. Carrying
out a second 3D scan was an individual decision of the
responsible surgeon, especially when he was in doubt about
the result of the correction.

Two of 95 patients had to have false positions of the
screws and were revised secondarily following evaluation
of the computed tomographies. In one case a type Illa
malpositioned screw (T7) compromised the stability of the
fixateur (Fig. 4a, b). In the other case a type IIIb malpo-
sitioned screw (T6) narrowed the diameter of the spinal
canal. To prevent secondary lesions of the myelon and the
root we decided to correct the screw. No patient of the
study had a neurological deficit.

The total revision rate of the patients amounts to 2.1%.
In relation to the number of screws used, there was a
secondary revision rate of 0.5% (2 of 414 screws).

Table 2 Evaluation criteria of

3D-imaging picture quality Picture quality

Exposure of cortical bone at PS level

Screws, n = 414

Good
Moderate
Poor

Two cortices visible 134
One cortex visible 254
No cortex visible 26

Table 3 Distribution of screws, malpositions and revisions in relationship to the vertebrae and the vertebral level

Vertebra n T T3 T4 TS5 T6 T7 T8 T9 TI0 T11 TIi2 L1 L2 L3 L4 LS
Screws 414 2 6 6 8 14 8 10 12 10 42 76 64 80 48 12 16
Revision of screws 11 1 2 1 3 1 2
Malposition of screws 30 1 1 2 3 7 2 6 1 4 1 2
Vertebral level T1-T10 T11-L5

Screws 76 338

Intraoperative revision of screws 2 9

Average diameter of the pedicles (mm) 4.6 8.3

Malposition of screws 16 14
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Fig. 3 a Intraoperative 3D-scan of L4. Malposition type IIIb of
the right pedicle screw. Intraoperative correction of the screw.
b Postoperative CT of L4. Correct position type la of the right
pedicle screw after intraoperative revision. No neurological deficit
after catastrophic malposition of the right screw

The postoperative computed tomographies showed 323
pedicles without cortical perforation by the screws (78.0%).
Ninety-one screws penetrated the pedicle wall (22%); there
were 36 medial false positions (27 x 1-2,7 x 3-4,2 x 5—
6 mm) and 55 lateral injuries (44 x 1-2, 11 x 3—4 mm).

It was possible to postoperatively compare the position
classifications of 406 pedicle screws. Eight corrected and
not re-scanned pedicle screws were excluded. The CT
showed 378 correct screw positions of position type Ia
while 28 screws were falsely positioned. There were lateral
false positions in 18 cases respectively and 10 screws

Fig. 4 a, b T 7 with a pedicle screw in type Illa malposition right.
Intraoperativly the 3D-scan was misinterpreted by the surgeon as a
type IIb position and no correction was performed. Postoperative 3D-
scan visualisation shows clearly a type IIla malposition in good
picture quality, corresponding postoperative CT-scan. Secondary
screw revision was done. Mistake caused by a lack of experience with
the image intensifier console in the context of the “learning curve”

showed medial false positions. A precise breakdown is
shown in Table 4.

On the basis of the 3D image converter reconstructions,
376 of 378 correct positions were correctly assessed (cor-
rect negative). Twenty-one of 28 false positions could be
correctly classified (correct positive). One lateral (Ib) and
one medial (IIb) false position was evaluated as correctly
positioned in the 3D scan (false negative). Two correct
screw positions were interpreted in the 3D scan as medial
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Table 4 Distribution of the screw positions using the classification of
Zdichavsky et al. [31]

Screws Position Number of pedicle Correct assessment
n = 406 screw positions in CT of 3D-imaging

Correct Ia 378 376
Lateral Ib 12 9
malposition p, 5 5
IIa 1 1
Medial IIb 9 6
malposition [y 1 0
Disagreement - 9
406 406

lateral false positions (false positive). Five false positions
were correctly recognised as such, but their expansion was
underestimated (false positive).

The sensitivity of the 3D scan for the classification used
amounts to 91.3%, and the specificity of the 3D image
intensifier examination amounts to 98.2%. The position of
the pedicle screws was correctly recognised by the intra-
operative 3D scan in 97.8% (397/406) of all cases. Nine
screws were classified falsely (2.2%). Four of the nine
falsely classified screws were located in the thoracic sec-
tion (T1-10).

A significantly higher rate of false findings of the 3D
scan was determined in the spinal section T1-10 in com-
parison to T11-L5 (P = 0.014; Table 5).

The image quality of 134 screws in the 3D scan was
evaluated as good, of 252 as moderate and of 28 screws as
poor (Table 2). The image quality of the 3D scan is sig-
nificantly influenced by the width of the scanned pedicle
(P = 0.031), by the BMI of the test subject (P = 0.001)
and by the scanned spinal section (P = 0.032). Wide
pedicles, the section T11-L5 and a lower BMI allow for
good image quality. The image quality of the 3D scan is
also influenced by the extent of the fixation assembly.
Complete assemblies significantly worsen the image qua-
lity (P < 0.001).

For the entire scan process we required an average of
8.2 min (6-18 min), the first 25 scans took a mean time
of 9.9 min (7-18), the last 25 scans took 7.4 min (6-8).

Table 5 Comparison of misjudgement, rates of secondary screw
revisions and error rates in correlation to the vertebral level

Vertebral level

T1-T10 TI11-L5
Number of pedicle screws (n = 406) 75 331
Misjudgement of screwposition 4 5
Pedicle screws requiring revision after CT 2 0
Error rate of 3D-imaging 5.3% 1.5%
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The pure screening time of the 3D scan amounted to 112 s
(91-152 ).

Discussion

The exact determination of pedicle screws is only possible
with computed tomography. Standard X-ray images and
intraoperative image intensifier examinations have a higher
rate of uncertainty [4]. CT devices integrated into the
operating room area are only rarely available. 3D image
converters that create 2D and 3D reconstructions from an
isocentrically acquired image data record are beginning to
close this gap.

Preclinical studies carried out on cadaveric specimens
and on the high-contrast phantom showed sufficient image
quality for the axial skeleton [21]. Although 3D image
intensifiers have been used clinically for almost a decade,
only a few studies are available that examine the diagnostic
value of intraoperative 3D imaging in spinal surgery. In
clinical studies, Deinsberger and Baldauf used 3D image
intensifiers for quality control following ventral cervical
decompression and for inspecting the position of ventral
implants [2, 8, 9]. The intraoperative evaluations of the 3D
scan resulted for 12.5-14.3% of the patients to the conti-
nuation and correction of the surgical measure and to the
avoidance of a secondary revision. Mauer and Kunz used a
3D image intensifier in ten cases following dorsal lumbar
decompression, which resulted in a change of the operative
procedure for two patients [17]. In combination with an
intraoperative myelography, Patel et al. carried out a 3D
image intensifier examination of ten patients following
dorsal lumbar decompression, and the decompression was
expanded for three patients on the basis of the 3D imaging
[20]. In an experimental study, Verlaan compares mea-
surement results from 3D image data records from fractured
and operated vertebral bodies with the measured values of
the anatomical specimens [29]. He reports of a high degree
of precision of the 3D scan measurement. In an attempt to
answer the question of whether pedicle injuries caused by
screws can be discovered with 3D imaging, Wang et al.
positioned 216 transpedicle screws from T1-S1 on cada-
veric spines [30]. Visual inspections of the reinforced ver-
tebral bodies were carried out with 3D scans, CT scans and
visual inspections as the gold standard. The sensitivity of all
3D scans reached 71.6% and the specificity 78.9%. Prob-
lematic for both experimental studies was the fact that the
examinations were carried out on spinal specimens con-
sisting entirely of bone. With our examinations we were able
to demonstrate that the image quality is significantly influ-
enced by the BMI of the patients and thus by the surrounding
soft-tissue parts. The study results of Verlaan and Wang can
thus have only limited applicability for clinical usage.
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The entry of pedicle perforations in millimetres is
important for the comparison of imaging procedures and
can determine the precision of an implantation method.
However, an intraoperative measurement in millimeter
steps is not practicable and not decisive for the objective.
In the middle thoracic area, the average pedicle diameter
amounts to <4 mm [5, 15]. This must result in a penetra-
tion of the pedicle walls by even the smallest pedicle
screws (4 mm), but this has no clinical consequences.

A clear, easily applicable and relevant classification is
necessary for intraoperative evaluation. For this reason we
have applied the classification of Zdichavsky et al. [31]. It
allows for the differentiation of a correct position from
three medial false positions and two false positions
requiring revision. Taking into account the thickness of the
pedicle and the screws considers the anatomical relation-
ships of the entire thoracolumbar spine. With the aim of
creating an ‘“outcome-based classification” for thoracic
pedicle screws that is relevant for therapy, Upendra et al.
published a slightly modified version in 2008 [27].

The dorsal transpedicle screw implantation requires
precise anatomical knowledge of the surgeon. The intra-
osseous corridor of the pedicle for the positioning of the
screws is limited [15]. Even lateral deviations in millimetre
scale can damage the stability of the fixation and medial
pedicle penetrations can cause damage to the bone marrow
and the nerve roots. While Castro et al. first anticipate a
lesion of the nerve root in the lumbar portion of the spine
with a medial false position of the screw as of 6 mm, more
recent anatomical examinations by Lien et al. show that the
distance between the pedicle wall and the nerve root varies
considerably in the lumbar region of the spine and occa-
sionally amounts to only 2.4 mm [7, 15].

The implantation of pedicle screws can take place on the
basis of anatomical landmarks, supported by an image
converter or navigated. Zdichavsky et al. had to revise
secondarily 5% of pedicle screws in the thoracic spine
implanted with fluoroscopic monitoring, 14% of the
patients (6/43) were affected [32]. Bransford et al. revised
1.2% of the patients and 0.26% of the screws following
fluoroscopically assisted thoracic pedicle screw instru-
mentation in the thoracic region of the spine [6]. Laine
reports a 3% screw-induced secondary patient revision rate
in the lumbar region of the spine [13].

Navigation systems were developed to lower misplace-
ment rates of pedicle screws. Arand et al. using 2D fluo-
roscopic navigation at the thoracic spine, had a pedicle
perforation rate of 43.4% and pointed out an unsatisfactory
inaccuracy of this method especially at the thoracic spine
[1]. A higher accuracy achieved CT- and 3D-based navi-
gation. An experimental study showed no significant dif-
ference in accuracy comparing CT- and 3D-based
navigation [11].

Laine and Schnake documented significantly lower
pedicle penetration rates for CT navigation-supported
procedures [12, 26]. However, despite navigation, consi-
derable false positions in the thoracic area of >4 mm
(1.9%) could not be avoided. Navigation for all vertebral
bodies was not possible for a fifth of the patients. A total of
0.5% of the screws positioned with navigation or 1.8% of
patients had to be revised due to a false position of the
screws [26]. Using 3D navigation Lekovic et al. had 1.1%
of thoracic screws in a non acceptable position completely
outside the vertebral body [14].

Several authors favour the exclusive implantation of the
screws on the basis of anatomical landmarks both in the
upper area of the thoracic spine and for spines with scoli-
otic deformations [19, 25]. Schizas reports of a rate of
11.7% falsely positioned screws in the area T1-T6, but
with no need for operative revision [25]. Of 1,009 manu-
ally inserted pedicle screws in cases of scoliosis, 73% were
intrapedicular, 20.3% penetrated the pedicle limits in an
acceptable false position and 6.7% of the screws were
classified as requiring revision [19].

Every implantation procedure can produce a primary
damage of neurovascular structures. 3D- and CT-naviga-
tion seems to reduce the risk significantly [14, 18]. 3D
imaging after screw implantation although cannot avoid
primary neurovascular damage, but reliable intraoperative
visualization of malposition by 3D scan allows primary
revision of the screws and reduces the rate of secondary
revisions.

As a consequence of intraoperative 3D imaging, we
primary repositioned 11 of 414 screws (2.7%).

Ultimately only two screws were in an unacceptable
postoperative false position (0.5%). One false position of
the screws results from an intraoperative misinterpretation
of the 3D scan with one of the first patients, caused by a
lack of experience with the operating console of the image
intensifier in the context of the “learning curve.” The
postoperative evaluation of this 3D scan clearly showed the
unacceptable lateral type Illa position (Fig. 4a, b). Thus
remains, taking only the postoperative findings into
account, only one false position of the screw that was
underestimated in the 3D scan and required operative
revision. The postoperative revision rate thus amounts to
only 0.24% in relation to the number of screws.

With the intraoperative pedicle screw inspection with a
routine 3D scan we were able to reduce our secondary
revision rates in the lower range of the percentage rates
found in the literature (Table 6). The immediate intra-
operative revision presents no obstacle for the surgeon and
is oriented to objective criteria. The diagnosis of postop-
erative secondary revision precedes the admission of an
error. This may influence the objectivity of the diagnosis
and lead to the acceptance of screws requiring revision.
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Table 6 Comparison of malposition and revision rates of pedicle screws

Study Method of Patients  Pedicle Vertebral Rate of pedicle Revision rate  Revision rate of
screw placement (n) screws (n) region cortex perforation (%) of screws (%) patients (%)

Zdichavsky [32] Image intensifier 43 278 T1-T10 155 5.0 14

Bransford [6] Image intensifier 245 1,533 TI-T10  No data 0.3 1.2

Laine [13] Image intensifier 30 152 L2-S1 21 0.7 33

Schnake [26] Image intensifier 29 123 T1-T10 31.9 0.0 0.0

Schnake [26] CT navigation 56 211 TI1-T10 17.5 0.5 1.8

Arand 2D navigation 29 111 T4-L5 40.5 No data No data

Schizas [25] Free-hand technique 13 60 T1-T6 11.7 0.0 0.0

Lekovic [14] 3D navigation 12 94 T1-T12 19.1 3.3 No data

Lekovic [14] 2D navigation 25 183 T1-T12 17.5 1.1 No data

Modi [19] Free-hand technique 37 1,009 T1-S1 27 6.7 No data

Present study 3D Fluoroscopy controlled 95 414 T2-L5 22 0.5/0.25 2.0/1.0

Our figures also make clear that the risk of penetration of
the pedicle and a suboptimal screw position is greatest in the
thoracic area T1-T10, caused by the narrow pedicle and
corpus anatomy [5, 15]. The 3D imaging process shows the
highest error rate of 6% in the area of the most frequent false
positioning rates. However, device-related developments
also indicate grounds for hope of more precise imaging.

The time required for the entire procedure of less than
9 min is acceptable and will also be reduced as a result of
technical developments.

Our datas showed a learning curve in the mechanical
usability of the 3D intensifier. Optimizing the secondary
sterile draping and continuous training of the perpetual step
sequences of the 3D intensifier reduced the time of the scan
process. Likewise the optimal visualisation at the operating
console with centering the planes of interest at each single
screw took some experience and led to an intraoperative
classification mistake in the beginning of the study
(Fig. 4a, b). Especially, not correctly centred planes lead to
false assessment of the 3D scans.

The radiation exposure of image intensifiers is measured
as “area dose product” (cGy/cm?), measurement of com-
puted tomographies is done as “length dose product”
(Gy/cm). A direct comparison of the individual patient
radiation dose parameters is not possible because of the
total different application forms of x-radiation. Dose
measurement at phantoms showed a considerable lower
radiation exposure of the lumbar spine using 3D intensifier
compared with a spiral CT standard procedure [21]. Berger
et al. confirmed the lower radiation doses using the Ziehm
Vario 3D intensifier [3].

The additional radiation level for the operating team is
extremely low, because they can leave the area of radiation
while the fully automatic acquisition scan is done.

Using a 3D-navigation system the radiation dose is
nearly the same plus the necessary shoots placing the
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implants. CT-navigation reduces radiation exposure for the
patient when the first computed tomography after trauma
can be used for planning [10]. The radiation dose increases
considerably when an additive CT scan for navigation
planning is required. Also the recommended additional use
of the 2D intensifier during placement of navigated screws
increases the radiation doses [26].

Despite this, at the end of a navigation procedure no
reliable image method is done to determinate the real screw
positions. In this context the additional radiation dose of a
3D scan after pedicle screw placement is acceptable
allowing for the diagnostic and therapeutic value.

Conclusions

3D scans after pedicle screw positioning cannot avoid false
placement of screws and primary neurovascular damages.
But screws in malposition can be detected with a high
reliability. Immediate correction of malplaced screws
lowers the secondary revision rate of the patients and
prevents patients ahead secondary neurovascular problems
and instability or dislocation of the fixateur.

A postoperative computed tomography for the evalua-
tion of the screw position remains dispensable in the sec-
tion T11-L5 and with good image quality of the 3D scan.
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