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ABSTRACT

AIM: To demonstrate the incidence of screw misplacement and revision rates in a group of 72 patients that underwent pedicle screw fixation
for spinal pathologies using the conventional, fluoroscopy-guided open technique.

MATERIAL and METHODS: Data from 72 consecutive patients with spinal instability that received 472 screws between April 2011 and May
2013 were reviewed and pedicle wall breach was graded as mild (< 3 mm), moderate (3-6 mm) and severe (> 6 mm). Direction of misplacement
was also assessed in reformatted images as medial, lateral, superior and inferior (or in combinations).

RESULTS: The indications for pedicle screw placement were as follows: degenerative (59.7%), trauma (13%) and tumor (9.7%). Pedicle screws
were inserted between T9 and S1. In this series of the 472 screws, 29 (6.1%) screws were implanted with minimal pedicle wall violation (€3mm)
and 16 screws (3.4%) were implanted with moderate (3-6 mm) violations. There were no severe violations (more than 6 mm) in this series.
Pedicle violations were significantly higher in thoracic pedicles and in trauma patients when compared to other groups. Only two patients
required pedicle screw repositioning after their index surgery.

CONCLUSION: Conventional open technique in pedicle screw placement is a safe and sound method with its low and acceptable complication
rates

KEYWORDS: Open pedicle screw positioning, Pedicle breach, Pedicle screw, Pedicle screw malposition, Spinal instability, Thoracolumbar
instability
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AMAC: Spinal patolojiler nedeni ile geleneksel, floroskopi kilavuzlugunda acik teknikle yontemlerle pedikiil vida uygulamasi yapilan 72
hastadaki yanlis yerlesim ve revizyon oranlarinin tespit etmek.

YONTEM ve GEREGLER: Nisan 2011 ile Mayis 2013 tarihleri arasinda toplam 472 pedikiil vidasi kullanilarak ameliyat edilen 72 hastanin sonuglari
retrospektif olarak incelendi ve malpozisyonlar hafif (< 3 mm), orta (3-6 mm) ve ciddi (> 6 mm) olarak siniflandirildi. Ek olarak malpozisyonun
yoni de medial, lateral, stiperior ve inferior olarak incelendi.

BULGULAR: Hastalarin %59,7 sinde dejeneratif patoloji, %13'inde travma ve %9,7sinde timaral patoloji bulunmaktaydi. Pedikul vidalar bu
hasta grubunda T9 ile S1 arasina yerlestirilmistir. 472 vidanin 29 (%6,1) tanesinde hafif; 16 (%3,4) tanesinde de orta dereceli malpozisyon
oldugu tespit edildi. Bu seride ciddi malpozisyonlu hasta bulunmamakta idi (6 mm'den fazla). Yanhs yerlesimlerin biyiik cogunlugu istatistiksel
olarak anlamli sekilde torasik vertebrada ve travma hastalarinda idi. Sadece 2 hastaya cerrahi sonrasi malpozisyon nedeni ile ikinci bir revizyon
cerrahisi uygulandi.

SONUG: Geleneksel acik pedikiil vidalama teknigi diisiik ve kabul edilebilir komplikasyon oranlari ile glivenli ve etkili bir cerrahi tekniktir.

ANAHTAR SOZCUKLER: Acik pedikiil vida yerlestirilmesi, Pedikiil siyirmasi, Pedikiil vidasi, Pedikiil vidasi malpozisyonu, Spinal instabilite,
Torakolomber instabilite

INTRODUCTION usage is observed (4, 8, 26), leading to questions regarding

their safety and reliability. Successful application of pedicle
screw insertion depends on experience, the technique used

Spinalinstrumentation is one of the most common procedures
performed by both orthopedic surgeons and neurosurgeons

for spinal instability resulting from traumatic, degenerative,
malformative or tumoral pathologies. Pedicle screws have
become more popular and an exponential increase in their
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and indications. There is a wide variety of reports and no
consensus on how to decide a screw is correctly positioned,
requiring additional studies to clarify these issues.
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This study aims to investigate the safety and accuracy of open
pedicle screw insertion technique for various indications.

MATERIAL and METHODS

Between April 2011 and May 2013, 72 patients underwent
posterior spinal instrumentation with the conventional, free
hand, open technique for their spinal pathologies at the Gazi
University School of Medicine, Department of Neurosurgery.
Patient charts, operation logs and postoperative computer-
ized tomography (CT) scans were reviewed retrospectively.
All patients presented with intractable pain and/or neurologi-
cal deficits. Surgeries were performed by the same surgeons
(AOB and HE). A standard, posterior midline approach was
utilized. After performing neural decompression with lami-
nectomies, facetectomies, corpectomies and discectomies via
the posterior approach, pedicle screws were placed in a stan-
dard fashion using anatomical landmarks and intraoperative
fluoroscopy guidance. The diameter and length of the screws
were decided based on preoperative CT measurements for
each level. Titanium, polyaxial screws of 4.0 to 7.5 mm in di-
ameter and 35 to 55 mm in length were used as appropriate.
Each patient underwent postoperative CT before mobiliza-
tion in order to document screw position. All of the patients
were examined with a 16-slice multidetector CT (Brightspeed,
GE, Milwaukee, WI) in the supine position without contrast
material. Scan protocol was as follows: tube voltage, 130 kV;
effective tube current-time product, 175 mAs; rotation time,
0.6 seconds; thickness, 1.25 mm; table speed 27.5 mm/rot;
pitch 1.375:1. Overlapping 2-mm-thick images (with 1-mm
recon increment) were reconstructed from the raw dataset
with a hard (bone) filter algorithm. Consecutive sagittal and
coronal reformat images were obtained from this dataset.

Accuracy of screw position was judged according to the
method described by Learch et al. (12), and modified to
assess coronal and sagittal plane breach. Screw position
was classified as normal, cortical encroachment or frank
penetration. Normal screw was when the screw was in the
pedicle completely with clearly visible pedicle walls. If the
pedicle cortex could not be visualized and there was no
obvious violation of the pedicle cortex, this was recorded as
“cortical encroachment”. And finally, if the screw was outside
the pedicle boundaries, frank penetration was recorded.
Frank penetration was further classified into minor (< 3 mm),
moderate (3-6 mm) and severe (>6 mm) according to Wiesner
et al. (25). The number of screws, fused segments and level of
vertebrae receiving screws were recorded.

RESULTS

The mean age of the patient population was 50.26 + 16.16
years (range 14-76; median 52 years). There were 43 females
(59.7%) and 29 males (40.3%). The most common indication
for spinal instrumentation was degenerative spinal changes
in 43 (59.7%) patients. This was followed by trauma in 22
patients (30.6%) and spinal tumors in 7 patients (9.7%). A
total of 472 screws were inserted during the study period.
The median number of vertebra corpuses receiving pedicle

Turk Neurosurg 2014, Vol: 24, No: 3, 398-402

screws was 3 (range: 2-6 corpuses). The median number of
screws placed was 6 (range: 4-12 screws). The median number
of segments fused was 2 (range: 1-7 segments). L4-L5 was the
most frequently fused segment (43 patients; 59.7%) followed
by L3-L4 (41 patients; 56.9%) and L2-L3 (27 patients; 37.5%).
Of the 472 screws, 264 (55.9%) screws were inserted for
degenerative spine, 170 (36.0%) for trauma and 38 (8.1%) for
tumor.

Frank screw misplacement was observed in 45 (9.5%) screws.
Of these 45 screws, 29 (6.1%) had minimal penetration
(cortical perforation <3 mm), and 16 (3.4%) had moderate
penetration (cortical penetration 3-6 mm). There was no
severe penetration (>6 mm) in this series. Additionally, none
of the screw positions were judged as “cortical encroachment”
and there were no complications such as pedicle fracture or
anterior breach. T10 vertebra was the most frequent vertebra
with misplaced screws in this series (4 of 14 screws; 28.5%),
followed by T11 and T12. Medial and lateral were the two
most common misplacement directions. Medial pedicle wall
breach was observed in 23 misplaced screws (51.1%) while
lateral pedicle wall misplacement was observed in 12 (26.6%).
The remaining misplaced pedicles were oriented in various
directions. Table | demonstrates the distribution of misplaced
screws with respect to the vertebra level, pathology treated
and grade of displacement and Table Il demonstrates the
level of misplacement with respect to anatomical orientation
of misplacement. The number of misplaced screws in the
thoracic region (15 of 75 screws; 19.7%) was significantly
higher than in the lumbar region (27 of 368 screws; 7.3%)
(p<0.001). Additionally, the number of misplaced screws
for trauma (22 of 170 screws; 12.94%) was significantly
higher than that of degenerative disease (17 of 264 screws;
6.4%) (p<0.001). There was no difference between surgeons
regarding the number of misplaced screws.

Two of 72 (3%) patients underwent postoperative revision
surgery for screw repositioning. The first patient who
was complaining of postoperative severe radicular pain
after surgery for degenerative spine had a 1.9 mm medial
displacement at her right S1 screw and underwentimmediate
revision after demonstration of the misplacement. The other
patient underwent a postoperative CT that demonstrated
a 5.9 mm lateral displacement at her right L2 vertebra (the
most severe displacement in the series) and a revision was
performed to prevent fixation failure. None of the remaining
70 patients - including the ones with misplaced screws —
experienced any problems and were discharged uneventfully.
The patients with pedicle wall breach were closely followed as
regards future compromise.

DISCUSSION

There is still an ongoing debate about controversies
surrounding pedicle screw usage. These concerns are mainly
about the safety of the procedure. No matter how your
technique is perfect and you use solely anatomical landmarks
(22). The application of pedicle screws is ultimately a blind
procedure even if you use sophisticated technical resources
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Table I: Number of Inserted and Failed Screws with Respect to Pathology Treated and Degree of Misplacement

Number of Screws Inserted

Number of Frank
Penetrations

Percent of Misplaced
Screws

| Level | Tumor | Trauma | Degenerative | _Total | Minimal | Moderate| _n__ % |

Thoracic Spine
T9 2 0 0 2 0 0 0 .00
T10 4 10 0 14 0 4 4 28.57
T11 4 24 0 28 2 5 7 25.00
T12 6 26 0 32 1 3 4 12.50
Total 16 60 0 76 3 12 15 19.7
Lumbar Spine
L1 2 22 4 28 1 1 2 7.14
L2 8 30 12 50 3 2 5 10.00
L3 6 30 58 94 6 1 7 7.45
L4 6 20 82 108 6 0 6 5.56
L5 0 8 80 88 7 0 7 7.95
Total 22 110 236 368 23 4 27 7.3
Sacral Spine
S1 0 0 28 28 3 0 3 10.71
Total 38 170 264 472 29 16 45 9.5

Table II: Direction of Misplacement in Failed Screws

L mo | Tt | T2 | L1 [ L2 13 ]| L4 ] L5 | s | Total |
- - - - - - - 1 1

Inferior -

Inferolateral 1 2 - - - - - - = 3
Inferomedial - - - - - - 1 2 1 4
Lateral 3 5 1 1 1 1 - - - 12
Medial - - 3 1 4 6 4 4 1 23
Superior - - - - - - 1 1 - 2
Total 4 7 4 2 5 7 6 7 3 45

such as navigation (16,23) or even robots (13) to assist the
surgery. This increases the probability of complications such
as dural, neural, vascular or visceral damage (3,14, 20). The
definition of adequate pedicle screw position is also unclear.
The radiological method (CT versus plain radiographs), cut-
off points for measurements (2 mm versus 3 mm or others) of
inadequate placements, or surgical techniques utilized (as in
intentional in and out technique used in the thoracic spine)
produce different results and cause a wide range of variability
between studies regarding percentage of correct pedicle
screw positioning (1). Additionally, most of the so-called
“incorrect” placements do not correspond to the clinical
results and the number of repositioning procedures with a
second surgery and reported complications remains low.
Studies in the literature demonstrate malposition rates as high
as 42% for the conventional technique (1) and refinements
using computer assistance are in progress showing promising
results (2,6, 11,19, 23).
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Our study found a 9.5% overall rate of screw malposition and
the malposition rate was significantly higher in the thoracic
spine than in the lumbar spine. We tried to perform pedicular
placement of the screws in all cases and did not use the“in and
out” technique in our surgeries. Higher thoracic failure rates
in our study are in accordance with the current literature. In
their retrospective study including the whole thoracic spine
(from T1 to T12) Belmont et al. reported the “fully contained”
pedicle screw rate as 57% (3). In another study, Guzey et al.
reported a 20.3% rate for misplacement in their thoracic
pedicle screw applications (5). Although there are more
successful surgeons reporting a malposition rate as low as
0.4% (9), the generally reported high malposition rates result
from the unique anatomy of the thorax. Pedicle diameters are
small and pedicle angles relative to the vertebra corpus are
narrower in this region. Anatomical studies on thoracic spine
demonstrate that a different axial plane angle is required for

Turk Neurosurg 2014, Vol: 24, No: 3, 398-402



Borcek AO. et al: Open Pedicle Screw Placement

almost every thoracic vertebra for successful pedicle screw
insertion (7, 21). Additionally, the proximity of the spinal
cord to the bony elements and the narrow nature of the
thoracic spinal canal when compared to the other segments
may complicate thoracic screw placement in this region (3,
10, 18, 24). Although there are different comments in the
literature (6, 8), this problem may be handled by utilization
of computer-assisted techniques (2, 11, 15, 19). Rajasekaran
et al. performed a randomized clinical trial and found
that pedicle breach rates were significantly higher using a
conventional technique compared to a computer-assisted
technique (23% versus 2%, respectively) in the thoracic
spine (19). Similarly, in their meta-analysis comprising 7533
pedicle screws inserted with computer-assisted methods,
Tian and Xu found 89.22% accuracy and concluded that
computer assistance provides higher accuracy (23). In their
randomized control clinical study comparing the computer-
assisted technique versus the conventional technique, Laine
et al. demonstrated pedicle perforation rates of 4.6% and
13.4%, respectively, and concluded that computer assistance
provides more accurate screw placement (11). However, in
their meta-analysis reporting overall placement accuracy of
pedicle screws as 91.3% (in 37, 337 screws), Kosmopoulos and
Schiaz (8) found that utilization of navigation did not help
pedicle screw accuracy in the thoracic spine.

Most of the patients with misplaced screws do not experience
severe side effects or require revision surgeries. In their study
including 1084 thoracolumbar pedicle screws, Nottmeier et
al. reported a 7.5% pedicle breach rate and only 0.2% per
screw incidence of nerve root injury that did not lead to motor
deficits (17). Our study had similar findings. The discrepancy
between percentage of misplaced screws and percentage
of neurological problems can be explained by the variability
in the anatomical relationships between pedicles and
neural structures. For example, Getzbein evaluated 71 lower
thoracic pedicles and reported a rate of 26% for medial wall
penetrations of up to 8 mm with only 2 minor neurological
injuries and hypothesized a 4-mm safe zone between the
medial pedicle wall and the spinal cord (4). Of course this
information does not justify 8 mm medial wall penetration
as safe but demonstrates the forgiving nature of anatomical
relations between the spinal cord and pedicle walls. We
believe, patients with misplaced screws should be followed up
for future deterioration even when discharged uneventfully.
These patients may experience various problems such as
nerve injuries and construct failures.

The difference in the number of misplaced screws with
respect to spinal pathology (trauma vs. degenerative) treated
as demonstrated in our study requires further explanation.
We found that the failure rates were higher for trauma cases
when compared to degenerative spine cases. This can be
explained by the high number of thoracic segments requiring
pedicle screw insertion in the trauma cases when compared
to the degenerative spine cases. In fact, these two statistics
point to the same results: pedicle screwing in the thoracic
spine may be problematic.
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Although the literature highlights the advantages of comput-
er-assisted techniques, we believe that the conventional tech-
nique is still a safe and feasible option for pedicle screw posi-
tioning. The main disadvantage of computer-based systems
is their cost. Our results using the conventional technique are
close to the rates reported for the image-guided techniques.
The conventional technique is still a viable option for centers
with limited resources.
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