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Introduction
Several sophisticated image-guided modalities have been developed to improve
the accuracy of screw placement; however, such modalities may increase
healthcare costs and radiation exposure to the patient, and the clinical efficacy
compared with traditional techniques may be questionable. Globally, the free-hand
technique of pedicle screw placement was found to be a reliable and safe method
with low rates of complications and to be potentially more cost-effective than other
sophisticated techniques in treating several spinal disorders.
Aim
The aim of this work was to assess the accuracy and safety of free-hand pedicle
screw placement in thoracic and lumbar fractures using minimal image exposure.
Materials and methods
This is a prospective radiographic review of thoracic and lumbar pedicle screws
inserted in patients suffering from unstable fractures. All of the procedures were
performed by a single consultant spine surgeon. Screws were inserted at one side
and then intraoperative lateral imaging was used to check the level and verify the
position of the screws. The same procedure was repeated on the other side. The
vertebral bodies were divided into three equidistant horizontal zones (A, B, and C).
Positioning of the screw tips was regarded as ideal when located in zones A and B.
Multislice computed tomography was used to assess the accuracy.
Results
There were 669pedicle screws inserted in 88 consecutive cases fromT3 to L5,with a
mean of 7.6 screws. The overall number of misplaced screws was nine (1.3%).
Intraoperative revisionwasmade in16 (sevencases,2.4%)screws.No intraoperative
or immediate postoperative complication occurred due to screw placement.
Conclusion
Minimal revision rate was noticed, and only two lateral images were needed in most
of the cases. This is quite important in developing countries, where an image
intensifier serves more than one room.
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Introduction
There are several advantages in the use of
pedicle screws for operative management of various
conditions, including fractures. Besides the superior
biomechanical properties over other instrumentation
techniques, they provide three-column rigid fixation of
the vertebra [1–5].

Even with these advantages, misplacement of pedicle
screws may decrease fixation capabilities as well as
increase the risk for soft tissue and neural injury [6–8].

Several anatomical and morphometric studies of
thoracic pedicles have emphasized the complex
anatomy and variability in size and orientation of
the thoracic pedicle [9]. The intimate relation of the
pedicle to the neural and vascular structures makes the
Wolters Kluwer - Medknow
potential complications from screw misplacement a
serious concern [10]. Other complications are related
to the pedicle screw placement technique, such as
difficulty or inability in fitting the instrumentation to
thepedicle, dural tears, pedicle fractures, andothers [11].

Proper application of pedicle screw constructs requires
an understanding of pedicle screw insertion techniques,
pediclemorphometry, salvage options, and bone quality.

Recently, several advanced image-guided modalities
have been developed to improve the accuracy of
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screw placement [12,13]. However, the cost-
effectiveness and the hazards of radiation to both
patient and operating room staff should not be
underestimated [14]. Globally, the free-hand
technique of pedicle screw placement was found to
be a reliable and safe method with low rates of
complications and to be potentially more cost-
effective than other sophisticated techniques in
treating spinal disorders [15].

Many spine surgeons utilize a lateral plain radiograph
to intraoperatively assess the inclination of pedicle
screw placement, and image-guided navigation is not
commonly utilized worldwide. In our spinal unit, we
use the free-hand technique for thoracic and lumbar
pedicular fixation, with verification with two lateral
views using the C-arm, with very low revision rates.
Aim
The aim of the present study was to assess a single-
surgeon experience in pedicle screw placement accuracy
in thoracic and lumbar fractures, and to record the rate
of intraoperative screw revision using the free-hand
technique.
Figure 1
Patients and methods
The authors performed a prospective radiographic
review of thoracic and lumbar pedicle screws in 88
consecutive patients suffering from unstable thoracic
and lumbar fractures. An informed consent was
obtained from every patient. Ethics Committee had
approved the protocol of the study. They were treated
at our institute with posterior spinal instrumentation
between March 2010 and May 2013. The procedures
were performed by a single consultant spine surgeon
(the first author). All pedicle screws were inserted by
the free-hand method. The technique of pedicle screw
placement of the thoracic and lumbar spine is described
in detail elsewhere [16].
Illustration depicting stratification of vertebral body zones to assess
the sagittal profile of pedicle screw placement.
Surgical considerations
All of our procedures were performed under general
anesthesia with the patient in the prone position using
the standard posterior approach. The spine was exposed
bilaterally in the usual manner. Pedicle screws were
inserted into one side and then the image intensifier
was used to check the level and verify the position of the
screws on the lateral image. The same procedure was
repeated on the other side.

Only intraoperative lateral imaging was used to assess
the positioning of the pedicle screw tips within the
vertebral bodies. Anteroposterior views were not
routinely used.
Methods of assessment
Postoperative radiographs and multislice computed
tomography (CT)were performed for better assessment.
Radiographic assessment

On the lateral film, the vertebral bodies were divided
into three equidistant horizontal zones, which were
designated as A, B, and C (Fig. 1). Screws were
considered acceptable when they engaged the pedicle
in the lateral view and unacceptable when the screw
perforated the pedicle or violated the superior or
inferior disc spaces. Positioning of the screw tips was
regarded as ideal when located in zones A and B. Zone
C was the least accepted (Fig. 2).
Computed tomography assessment

Multislice CT scans (axial, sagittal, coronal, and
reconstruction) were examined to evaluate the
position of the screws according to the classification
of Learch et al. [17] and Wiesner et al. [18]. In this
classification, there are four main categories for screw
misplacement:
(1)
 Encroachment: If the pedicle cortex cannot be
visualized.
(2)
 Minor penetration: When the screw trajectory
is less than 3mm outside the pedicular
boundaries.
(3)
 Moderate penetration: When the screw trajectory
is 3–6mm outside the pedicular boundaries.
(4)
 Severe penetration: When the screw trajectory is
more than 6mm outside the pedicular boundaries.
(a) Moreover, intraoperative revisions for

unacceptable screws were noted.
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(b) Additionally, the presence of any intra-
operative and postoperative complications
was also assessed.
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istical analysis was performed using SPSS, version
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14 (SPSS Inc., Chicago, Illinois, USA).
raph of a 47-year-old man with unstable fracture subluxation T
segment posterior instrumentation showing perfect correction
tive revision was made for any of the screws. (c) Immediate po
Results

There were 56 (63.6%) male and 32 (36.3%) female
patients, with a mean age of 30.3±11.7 (range:
15–66) years.
12–L1. (b) Immediate postoperative radiograph of the same patient
and screw positioning. Note the screw tips at zones A and B. No

stoperative computed tomography showing excellent screw position.
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Three types of instrumentation were carried out:
(1)
 Long segment fixation (two above and two below
the fracture).
(2)
 Short segment fixation (one above and one below
the fracture).
(3)
 Short intermediate segment fixation (one above
and one below the fracture, and in the fractured
vertebra).
The level most frequently operated upon was L1 (40
case), followed by T12 (32 cases), L2, L3, and L4
(four cases each), and T3, T9, T10, and T11 (one case
each).

There were 669 pedicle screws inserted in 88
consecutive cases from T3 to L5, with a mean of 7.6
(range: 4–9) screws inserted per patient. Pedicle screw
placement into zone Awas 400 (59.7%) screws and that
in zone B was 227 (34%) screws, whereas screw
insertion into zone C involved 42 (6.2%) screws.

According to postoperative CT, the overall number of
misplaced screws was nine (1.3%), and they were
distributed as follows:
(1)
 Two intradiscal (T10, T11).

(2)
 Four with encroachment (T11, T12, and L1).

(3)
 Three with minor penetration (T11, T12).
No revision was done in any of them, and there was no
clinical complication. Otherwise, postoperative
multislice CT confirmed perfect screw positioning in
the remaining screws.

On the other hand, intraoperative revision was made in
16 (seven cases, 2.4%) screws. One of them was due to
inferior entry into L2, and the remaining because of
superior intradiscal violation, namely in L4 and L1
(two screws in each), and in T11, T12, and L3 (one
screw each). Of the 16 screws, eight were revised
because of wrong level (L1 instead of T12 in four
cases).

Regarding the preoperative neurological status, 20 had
incomplete paraplegia, 10 had complete paraplegia,
and 58 were neurologically free.

No intraoperative or immediate postoperative
complication occurred due to screw placement. Only
one case had postoperative deterioration of the
neurological status, but it was not related to screw
placement. He was a 36-year-old male patient, with
burst L1, incomplete paraplegia, with a sizable
retropulsed fragment. After posterior decompression,
the cord was found to stretched, and the fragment was
hammered and reduced back into position.
Postoperatively, the neurological status showed
deteriorated motor weakness in the dermatomes L2
down to L4. The patient had defaulted follow-up.
Discussion
There are several methods of pedicle screw placement to
enhance the accuracy and safety of pedicle screw
application and decrease the potential of compli-
cations, such as intraoperative fluoroscopy, computer-
guided navigation systems, and intraosseous endoscopy
[12,13].However, thesemodalities are time-consuming,
expensive, may require preoperative CT scans, involve a
significant learning curve, and are not widely available,
especially in developing countries [19,20].

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 three-
dimensional (3D) anatomy [11]. Screw misplace-
ment especially in the thoracic spine can endanger
neural and vascular structures [10,11]. Thoracic
screws perforate the cortical margins of the pedicle
at a rate ranging from 16 to 54%, creating the potential
for hemorrhage, nerve root injury, or spinal cord injury.
Moreover, long pedicle screws endanger adjacent
structures such as the aorta and the pleural cavity [7].

The free-hand pedicle screw technique has been well
described and one inserts the pedicle screws based on
the anatomical landmarks and the tactile feel of
probing the pedicles. Kim et al. [9,12] report a low
complication rate with this technique. It should be
noticed that the accuracy of screw position remains
primarily a function of surgical skill together with
experience and is associated with a steep learning
curve [20].

Although we believe that many spine surgeons in
Egypt use this strategy for placement of pedicle
screws, we are unaware about similar publications.
Our prevalence of misplaced screws was minimal
(1.2%). This means that the accuracy is ∼99%.

The reason behind dividing the vertebral bodies into
three zones is that we think that the upper two zones
are perfect for screw placement, although zone C is also
feasible. It has been shown by others that screws
adjacent to the superior endplate (zone A) provide
the best overall segmental rigidity. Screws placed in
the mid-portion of the vertebral body may provide
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good lateral torsion. However, there are several factors
that can affect the pedicle screw stability, including the
sagittal and coronal inclination, the depth of screw
insertion, and bone quality [16]. In our series screws in
zone A and zone B represented the majority of cases
(about 96%).

Recently, Allam et al. [21] published an article
comparing the free-hand technique with 3D-based
navigation techniques. The accuracy rate in his work
was 89.8% in the free-hand group compared with 98%
in the generic 3D navigated group, which is less than
our results [21].

An important issue should be added, which is the screws
violating themedial cortex inourpatient. It is not routine
practice to perform CT in the postoperative period;
therefore, although this complication may occur, most
of the time it is not discovered.

We feel that our study had some strengths. It assessed a
single-surgeon experience at a single institute, with
relatively sufficient patients and screws numbers (88
patients, 669 screws). It should be noted, however, that
we understand that our policy may not be accepted by
some spine surgeons who insist on obtaining intra-
operative anteroposterior views to achieve maximum
accuracy. Once again, we believe that pedicular screw
placement remains an experienced surgical skill after a
long learning curve.
Conclusion
Free-hand technique with minimal image exposure is
an effective method in pedicular screw placement in
thoracic and lumbar fractures. Minimal revision rate
was noticed, and only two lateral images were needed in
most of the cases. This is quite important in developing
countries, where an image intensifier serves more than
one room.
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