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Abstract

Introduction  Although pedicle screw fixation is a well-
established technique for the lumbar spine, screw place-
ment in the thoracic spine is more challenging because of
the smaller pedicle size and more complex 3D anatomy.
The intraoperative use of image guidance devices may
allow surgeons a safer, more accurate method for placing
thoracic pedicle screws while limiting radiation exposure.
This generic 3D imaging technique is a new generation
intraoperative CT imaging system designed without com-
promise to address the needs of a modern OR.

Aim The aim of our study was to check the accuracy of
this generic 3D navigated pedicle screw implants in com-
parison to free hand technique described by Roy-Camille at
the thoracic spine using CT scans.

Material and methods  The material of this study was
divided into two groups: free hand group (group I) (18
patients; 108 screws) and 3D group (27 patients; 100
screws). The patients were operated upon from January
2009 to March 2010. Screw implantation was performed
during internal fixation for fractures, tumors, and
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spondylodiscitis of the thoracic spine as well as for
degenerative lumbar scoliosis.

Results  The accuracy rate in our work was 89.8 % in the
free hand group compared to 98 % in the generic 3D
navigated group.

Conclusion  In conclusion, 3D navigation-assisted pedi-
cle screw placement is superior to free hand technique in
the thoracic spine.

Keywords Pedicle screws - Thoracic spine
Image-guided surgery - Spine navigation

Introduction

Although pedicle screw fixation is a well-established
technique for the lumbar spine, screw placement in the
thoracic spine is more challenging because of the smaller
pedicle size and more complex 3D anatomy [16, 22].
Thoracic screws perforate the cortical margins of the
pedicle at a rate ranging from 16 % to 54 % [9, 21, 23, 24],
creating the potential for hemorrhage, nerve root injury, or
spinal cord injury. Long pedicle screws endanger adjacent
structures such as the aorta and the pleural cavity [2, 23].

The free-hand thoracic pedicle screw technique has been
well described by Kim et al. [7] and one inserts the pedicle
screws based on the anatomical landmarks and the tactile
feel of probing the pedicles. Kim et al. [6] report a low
complication rate with this technique. The accuracy of
thoracic screw position remains primarily a function of
surgical skill together with experience and is associated
with a steep learning curve [3].

The intraoperative use of image guidance devices may
allow surgeons a safer, more accurate method for placing
thoracic pedicle screws while limiting radiation exposure
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[14]. Among them, computed tomography-based naviga-
tion was the most popular. CT navigation could provide
precise anatomy of the pedicle as well as reduced radiation
exposure. However, new concerns about the system arose
with a steep learning curve and excessive pre-operative
preparation including computed tomography with a spe-
cific protocol, data acquisition and transfer, and patient
registration [1, 4]. The development of intraoperative 2D
and 3D fluoroscopy based-navigation appeared to tackle
such issues [15, 25]. The equipment did not require reg-
istration, reduced imaging time and radiation dosage, and
avoided repeated C-arm movements during surgery,
because visualization of the surgical instruments in relation
to the patient’s anatomy in the entire desired image plane
was determined from the beginning. Though a few studies
implied that accuracy of fluoroscopy-assisted pedicle screw
insertion was comparable with that of CT navigation [1, 4],
different population characteristics and assessment meth-
ods of placement accuracy in various studies resulted in
inconsistent conclusions.

This generic imaging system is a mobile 2D and 3D
imaging platform designed to improve intraoperative
decision making. It is a new generation intraoperative
imaging system designed without compromise to address
the needs of a modern OR. It allows supporting a multitude
of applications in spine, orthopaedics, neurosurgery ENT,
maxillofacial (and vascular surgery in the close future).
This generic imaging system interfaces seamlessly with the
navigation system, eliminating time consuming registration
steps and transferring acquired scans automatically which
greatly enhances navigation workflow providing the sur-
geon with unprecedented visualization depth and capabil-
ities for complex orthopaedic and spine surgeries. Surgeons
are not dependent on a pre-operative CT where the
patient’s position may vary from surgical position in the
OR. This 3D system allows the surgeon to scan the patient
in the operative position and to obtain an updated scan
whenever needed. This ensures the most accurate imaging
and navigation possible, ensuring the best possible surgical
outcome for the patient [20].

The aim of our study is to check the accuracy of this
generic 3D navigated pedicle screw implants in compari-
son to free -hand technique described by Roy-Camille at
the thoracic spine using CT scans.

Materials and methods

108 pedicle screws were implanted in 18 patients (11 males
and 7 females) using the free hand technique (group I) and
100 screws were implanted in 27 patients (12 males and 15
females) using the 3D navigated technique (group II). The
mean age was 62.9 years in group I and 54.6 years in group

Table 1 Distribution of screws

with regard to the thoracic ver- Level Free hand 3D

tebrae in both groups group group
Thl 4 6
Th2 4 4
Th3 1 8
Th4 5 5
Th5 7 4
Th6 6 4
Th7 4 6
Th8 6 4
Th9 12 5
Th10 16 14
Thil 20 17
Thi2 23 23
Total 108 100

II. Both groups were operated upon in our spine centre in
the period January 2009—March 2010. This was carried out
during internal fixation for fractures, tumors, and spondy-
lodiscitis of the thoracic spine as well as for degenerative
lumbar scoliosis. Distribution of screws with regard to the
thoracic vertebrae in both groups is shown in Table 1. All
surgeries were done by the first two authors.

In the free hand group (group I), the screws were
implanted according to the technique of Roy-Camille [17-
19]. The Identification of the entry point, opening with the
awl then drilling of the pedicle and probing of the drill canal.
After tapping and screw application, the position of screws
was assessed by C-arm (AP and lateral). When the position of
one or more of the screws was not optimal, the screw will be
revised and the new position will be checked again by the
C-arm. All the patients were subjected to post-operative CT
scan to evaluate the position of the screws. The CT exami-
nation was carried out by Briliance CT 64-channel scanner
(Philips medical systems, PC Best, Netherlands).

In the 3D group (group II), after the reference clamp was
screwed to one of the spinous processes in the area of
fixation, 2D (AP and lateral) and 3D fluoroscopies were
done. This was followed by screw implantation using the
3D navigation system. After screw insertion, control 2D
(AP and lateral) and 3D fluoroscopies were done to eval-
uate the screw placement. When the screw placement was
optimal, the 3D scans were transferred to the hospital own
PACS to evaluate screw placement.

The CT scans (axial and sagittal) of both groups were
examined independently by a surgeon and a radiologist to
evaluate the position of screws according to the classification
of Learch [13] and Wiesner [26]. In this classification, there
are four main categories for screw misplacement:

1. Encroachment: if the pedicle cortex could not be
visualized.
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2. Minor penetration: when the screw trajectory
was <3 mm outside the pedicular boundaries.

3. Moderate penetration: when the screw trajectory was
3—-6 mm outside the pedicular boundaries.

4. Severe penetration: when the screw trajectory
was >6 mm outside the pedicular boundaries.

It is worthy to mention that the ideal position of the
screw is achieved when the screw lies in the middle of the
pedicle in both axial and sagittal reconstruction CT scans

(Fig. 1).

Results

The overall inter-observer agreement in the free hand
group was 94.2 % compared to 95.1 % in the O-arm group
including both axial and sagittal reconstruction images.

In the axial images (Table 2), 31 (28.7 %) screws
showed medial (Fig. 2) and 12 (11.1 %) screws showed
lateral encroachment in group I in comparison to 22 (22 %)
and 3 (3 %) screws, respectively, in group II (Fig. 3).
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Fig. 1 Ideal position of the screw a axial and b sagittal CT images
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Frank penetration <3 mm was found in 7 (6.5 %) screws in
group I, in comparison to 4 screws (4 %) in group II. One
screw (0.9 %) in group I and another one (1 %) in group II
showed medial frank penetration 3—6 mm. In group I, the
malplaced screw was not associated with neurological
deficits and the malplaced screw in group II was detected in
Th8 in a patient with complete cord transection due to
flexion rotation injury of Th5-Th6, hence there was no
need to revise it. In group I, 4 screws (3.7 %) showed
lateral penetration 3—6 mm. These screws did not affect the
stability of fixation and they were not revised.

In axial images, anterior encroachment and screw pen-
etration <3 mm was observed in 10 screws (9.3 %) in
group I in comparison to 4 screws (4 %) in group II.

In the sagittal images (Table 2), 16 (14.8 %) screws
showed caudal and seven screws (6.5 %) showed cranial
encroachment in group I in comparison to 5 (5 %) and 5
(5 %) screws, respectively, in group II (Fig. 4). The dif-
ference was proved to be statistically significant. Frank
penetration <3 mm was found in four (4 %) screws in
group II, in comparison to group I which showed no frank
penetration either caudal or cranial.
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Table 2 Comparison between the two groups regarding screw
malplacement

Screw malplacement Free hand group 3D group P
(n = 108) (n = 100)
No. Percent No.  Percent
Lateral axial
Encroachment 12 11.1 3 3.0 0.446
FP < 3 mm 3 2.7 0 0.0
FP 3-6 mm 4 37 0 0.0
Medial axial
Encroachment 31 28.7 22 22.0 0.883
FP < 3 mm 4 3.7 4 4.0
FP 3-6 mm 1 0.9 1 1.0
Anterior axial
Encroachment 8 7.4 3 3.0 0.836
FP <3 mm 2 1.9 1 1.0
Caudal sagittal
Encroachment 16 14.8 5 5.0 0.025%
FP < 3 mm 0 0.0 2 2.0
Cranial sagittal
Encroachment 7 6.5 5 5.0 0.126
FP < 3 mm 0 0.0 2 2.0

* Statistical significance

In group I, 6 (5.6 %) screws were revised intraopera-
tively after making the C-arm control. After screw revision,
the C-arm control showed good position of the screws.

In our study, we considered encroachment and frank
penetration <3 mm are still in the safe zone for implanting
the pedicular screws because they do not endanger the
efficacy of spine stabilisation as well as the neurovascular
structures. Accordingly, the screw penetration more than
3mm in any direction was considered as a screw
malposition.

The accuracy rate in our work was 89.8 % in the free
hand group compared to 99 % in the 3D navigated group
(Table 3). No residual neurological deficits were reported
in both groups.

Discussion

Insertion of pedicle screws in the thoracic spine is a
demanding technique and carries the potential risks of
neurological structures injury. It was shown that image-
guided spinal instrumentation procedures in the cervical,
thoracic, and lumbar spine have lower rates of screw
misplacement than do those performed without image
guidance [5, 8].

Our accuracy rate in the free hand technique was
89.8 %. Five screws showed frank penetration 3—6 mm
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Fig. 2 Axial CT image showing medial penetration 3-6 mm (right
screw) and lateral penetration 3—-6 mm (left screw) in the free hand

group

(four lateral and one medial) and six screws were revised
intraoperatively after checking their position using the
C-arm. None of the malplaced screws resulted in neuro-
logical deficits.

In comparison to the free hand technique, the 3D-based
navigation technique showed an accuracy of 99 %. Only
one out of 100 screws showed frank medial penetration
(3—6 mm). This was reported in Th8 vertebra in a patient
suffering from fracture dislocation Th4-Th5 with complete
paraplegia and double sphincteric incontinence. Although
we have a long experience with the free hand technique and
our accuracy rate approaches the results of 2D fluoroscopy-
based navigation technique, the 3D-based navigation
technique showed a high better accuracy rate.

The 3D-based navigation technique showed a higher
accuracy rate compared to the CT and 2D fluoroscopy-
based navigation techniques and a comparable accuracy
rate to the 3D fluoroscopy-based navigation technique.
Kosmopoulos and Schizas [8] revealed a median accuracy
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Fig. 3 Axial 3D image showing medial penetration 3-6 mm in the
3D group
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Fig. 4 Axial CT image showing anterior penetration <3 mm in the
free hand group

Table 3 Comparison between the two groups regarding accuracy of
screw positioning

Malplacement Free hand 3D
technique (100 screws)
(108 screws)

Encroachment 75 38

Minor penetration (<3 mm) 9 9

Moderate penetration (3—6 mm) 5 1

Severe penetration 0 0

Intraoperative screw revision 6 0

Accuracy 89.8 % 99 %

@ Springer

of 94.3 % using of neuronavigation in thoracic spine.
Zausinger [27] in his work regarding the use of intraop-
erative computed tomography with integrated navigation
system in spinal stabilizations reported a rate of 5.6 %
screw malposition in the thoracic spine. Our rate of 99 %
accuracy with 3D based navigation technique is still
superior to the results of intraoperative CT navigation
techniques.

To our knowledge, this is the first in the literature that
compares the accuracy of screw placement (Table 3)
between free hand and 3D navigated technique in the
thoracic spine. There is no question that the 3D navigation-
based technique has the best accuracy of pedicle screw
placement. On the other hand, it is known that the CT
navigation-based techniques prolongs the operative time
[10-12] as well as the hazards of radiation compared to the
C-arm control after the free hand technique.

As we started using this generic 3D system (January
2009), the time needed for positioning, performing the 3D
scans as well as the navigation procedure was about 1 h.
3 months later and after using this system nearly daily, this
time is reduced to 15 min. Regarding the radiation hazards,
each 3D scan is equal to 60 % of an ordinary CT scan
according to the radiation measurement carried by the
manufactur company (Medtronic USA). For the operative
team, the exposure in nearly zero because the whole sur-
gical team leaves the theatre during the 3D scan.

We think that implanting the screws using the free hand
technique in the thoracic spine is safe in the hands of the
experienced surgeons. Hence, 3D-based navigation tech-
nique is more accurate and accordingly safer.

Conclusions

The 3D-based navigation technique provides high accuracy
of pedicle screw placement and thus safe for the patients
undergoing thoracic spine stabilization. It allows immedi-
ate detection of screw misplacement and accordingly no
reoperation for malposition. In comparison to lumbar
spine, placement of transpedicular screws in the thoracic
spine using 3D-based navigation technique is superior to
the free hand technique.
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