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Objective: This study aims to evaluate the accuracy and safety of pedicle screw
placement in thoracolumbar spinal fusion surgeries. comparing intraoperative two-
way fluoroscopy and postoperative computed tomography (CT), and to analyze the
influence of spinal anatomy and biomechanics.

Material and methods: A retrospective cohort study was conducted on 94 patients
who underwent thoracolumbar spinal fusion surgery. Demographic data including
age, gender, and surgical indications were collected. Intraoperative fluoroscopy and
postoperative CT images were analyzed to assess pedicle screw placement accuracy.

Results: Among the 519 pedicle screws placed, 496 (95.6%) were graded as A or B
in the intraoperative fluoroscopy, whereas 23 (4.4%) were C, D, or E. Postoperative CT
findings demonstrated a significant difference (p<0.007) in screw placement accuracy,
with 483 (93.1%) screws rated as A or B. Moreover, the postoperative CT showed
a higher precision in determining the screws’ alignment with vertebral bodies,
stability, and potential complications. The correlation between intraoperative and
postoperative imaging modalities indicated substantial sensitivity (93.8%), specificity
(95.6%), positive predictive value (98.8%), and negative predictive value (83.3%).

Conclusion: Postoperative CT emerges as a crucial imaging method in

enhancing the success and safety of pedicle screw placement in spinal fusion
surgeries.
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Introduction

Spinal fusion surgery is widely performed worldwide
to treat cervical and thoracolumbar pathologies (1,2).
Initially developed to address instability and deformities
resulting from tuberculosis, scoliosis, and traumatic
injuries, this surgical method now encompasses a
broad range of indications such as spondylolisthesis,
congenital or degenerative deformities, spinal tumors,
and pseudarthrosis (3). The most common indication
is degenerative diseases (4).

Intraoperative imaging, often utilizing fluoroscopy, is
employed to enable the surgeon to clearly visualize
the spine and ensure accurate placement of screws.
Two-dimensional fluoroscopy is a common imaging
method used to show the position and direction
of pedicle screws intraoperatively (5). This method
provides real-time imaging during the placement
of pedicle screws. The positions and directions of
pedicle screws are examined in anteroposterior and
lateral views. This method is the most commonly
used approach for the placement of pedicle screws.
However, this method has some disadvantages. For
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Figure 1. a. Lateral fluoroscopic image taken after placement of pedicle probes. It can be seen that the probe inserted
into the L4 vertebral pedicle is at the upper border of the pedicle. During the case, the pilot hole can be relocated in this
way without placing a pedicle screw. b. In the lateral fluoroscopic image taken after placement of the pedicle screws of the
same side and placement of the contralateral pedicle probes, the locations of the pedicle screws were correctly evaluated.
The pedicle probe placed at L5 is seen to be close to the inferior border of the pedicle. c&d. Lateral and anteroposterior
fluoroscopic images taken for final evaluation after placement of pedicle screws. The pedicle screw locations were correctly

assessed.




example, it may lead to radiation exposure, low image
quality, incomplete visualization of pedicle screws,
the necessity to move the fluoroscopy device during
the placement of pedicle screws, and limitations on
the surgeon's field of view during the placement of
pedicle screws (6,7). However, fluoroscopy alone may
not be sufficient for accurate pedicle screw placement,
necessitating verification with postoperative computed
tomography (CT) (8). CT provides cross-sectional
imaging after the placement of pedicle screws.
The positions and directions of pedicle screws are
examined in axial, sagittal, and coronal views. This
method is considered the gold standard for evaluating
pedicle screws. This is because it displays the positions
and directions of pedicle screws in three dimensions
and clearly illustrates their relationship with the bone
tissue (9). This method is used to identify errors in the
placement of pedicle screws, complications, and the
need for revision. However, this method also has some
disadvantages. For example, it may lead to radiation
exposure, cost, accessibility, degradation of image
quality due to metal artifacts from pedicle screws,
and the need for evaluation not during, but after the
placement of pedicle screws (7,10).

The primaryaim ofthis studyistoevaluate the correlation
between intraoperative fluoroscopy and postoperative
CT in the placement of pedicle screws in thoracolumbar
spinal fusion surgeries. It seeks to determine whether
there are differences in the positions and directions
of pedicle screws between intraoperative fluoroscopy

and postoperative CT, assess the concordance of the
two methods based on variables such as surgical level,
patient age, gender, indication, complications, and
fusion rate, and examine their respective advantages
and disadvantages to assess their superiority over each
other.

Materials and methods
Study population

In this study, 94 patients who underwent thoracolumbar
spinal fusion surgery at a designated tertiary health
center between April 2022 and May 2023 were
retrospectively analyzed. Patient selection included
adult patients who underwent this surgery and met
the specified criteria. In this study, a comprehensive
and systematic approach was adopted to collect
data from patients undergoing thoracolumbar spinal
fusion surgery. The data collection process focused
on the intraoperative and postoperative periods of
the patients, which plays a critical role in achieving the
main objectives of the study.

Intraoperative fluoroscopy images

Two-way fluoroscopy images taken during each
patient's surgery were collected. The images were used
to assess the accuracy, angle, and depth of pedicle
screw placement. Fluoroscopy images were used to
analyze the decisions and techniques made during
surgery. During placement of the pedicle screws,
anteroposterior (AP) and lateral (LAT) images were

Table 1: Demographic data of patients undergoing thoracolumbar fusion surgery

Demographic Data (Total n=94)

Mean = SD / n (%)

Age

Sex

Male

Female

Height (cm)

Weight (kg)

Body Mass Index (kg/m2)
Surgery idications

Spinal stenosis, spondylolisthesis and degenerative disc disease

Spinal trauma
Spinal tumor
Spinal infection
Others

437 £ 14.2

48 (51.1)
46 (48.9)
169.2 = 9.1
724 + 134
253 £ 4.1

48 (51.1)
26 (27.7)
8 (8.5)
6 (6.4)
6 (6.4)




taken for each vertebra. The positions and orientations
of the pedicle screws were graded according to the
Gertzbein and Robbins classification (A-E) based on
intraoperative fluoroscopy images (11). The quality,
clarity and angle of the intraoperative fluoroscopy
images were also evaluated (Figure 1).

Postoperative computed tomography (CT) images

In the postoperative period, CT scans were performed
in each patient and images were obtained. CT images
were analyzed to assess the accuracy of the position
and orientation of the pedicle screws. CT images were
also used to determine the relationship between the
screws and the vertebrae and surrounding tissues.
Postoperative CT images of the patients were used to
further evaluate the positions, orientations, depths,
and relationships of the pedicle screws to adjacent
structures. The positions and orientations of the pedicle
screws were graded according to the Gertzbein and
Robbins classification (A-E) based on the postoperative
CT images (11). The compatibility of the pedicle
screws with the vertebrae, stability, fatigue behavior,
complications, risks and side effects were also analyzed.

Patient demographics and surgical details

Patients' age, gender, surgical indications and other
health information were collected. Surgical details such
as surgical techniques, instruments used, and operative
time were recorded.

Clinical and radiographic results

Clinical and radiographic results obtained during the
postoperative follow-up of the patients were collected.
These data were used to evaluate the long-term
success of pedicle screws and complications.

Statistical analysis

Patient data collected within the scope of the study
were analyzed with the IBM Statistical Package for
the Social Sciences (SPSS) for Windows 26.0 (IBM
Corp., Armonk, NY) package program. Demographic
characteristics, surgical details and clinical outcomes
were summarized using descriptive statistics (mean,
median, standard deviation, frequencies). Paired
t-test or Wilcoxon signed rank test was used to
evaluate discrepancies between intraoperative duplex
fluoroscopy and postoperative CT imaging results.
Sensitivity, specificity, positive predictive value (PPV)
and negative predictive value (NPV) calculations were
performed to assess the accuracy of each imaging

technique. Chi-square or Fisher's exact tests were used
to compare categorical variables (e.g. complications,
fusion rates) between the two imaging techniques.
Correlation or regression analysis was performed to
explore associations between imaging accuracy and
patient demographics or surgical variables. p<0.001
were considered statistically significant.

Results

The study included 94 patients who underwent
thoracolumbar spinal fusion surgery. Forty-eight
patients were male (51.1%) and 46 were female (48.9%).
The age of the patients ranged from 18 to 65 years
with a mean age of 43.7+14.2 years. The height of
the patients ranged between 150 and 190 cm with a
mean height of 169.2 cm. The mean body weight of the
patients varied between 45 and 110 kg and the mean
body weight was 72.4 kg. Body mass index ranged
between 17.8 and 36.5 kg/m2 and the mean body mass
index (BMI) was 25.3 kg/m2. The indications for the
operation were as follows: 48 patients had undergone
thoracolumbar spinal fusion surgery for spinal stenosis,
spondylolisthesis and degenerative disc disease, 26 for
spinal trauma, 8 for spinal tumor, 6 for spinal infection
and 6 for other reasons (Table 1).

In the study, a total of 519 pedicle screws were inserted.
Of these, 496 (95.6%) were grade A or B and 23 (4.4%)
were grade C, D or E according to intraoperative
fluoroscopy images (Table 2). In the study, a total of
519 pedicle screws were placed. Of these, 483 (93.1%)
were grade A or B and 36 (6.9%) were grade C, D or E
according to postoperative CT images. Postoperative
CT images allowed more sensitive and specific
evaluation of pedicle screws than intraoperative
fluoroscopy images. There was a significant difference
in the grading of pedicle screws between postoperative
CT images and intraoperative fluoroscopy images
(p<0.001) (Table 2).

The quality, clarity and angle of intraoperative
fluoroscopy images were measured by the percentage
of the surgical team finding the images adequate. 93.8%
of the surgical team rated the quality of intraoperative
fluoroscopy images as good or very good, and 6.2%
as fair or poor. 96.2% of the surgical team rated the
clarity of intraoperative fluoroscopy images as good or
very good, 3.8% as fair or poor. 94.6% of the surgical
team rated the angle of the intraoperative fluoroscopy
images as good or very good, 5.4% as fair or poor
(Table 3).




Table 2: Grading of pedicle screws according to intraoperative fluoroscopy images and postoperative

computed tomography

Pedicle screw grade

according to Gertzbein

and Robbins classification n (%)
in intraoperative

fluoroscopy

A 413 (79.6)
B 83 (16.0)
C 14 (2.7)

D 6 (1.2)

E 3 (0.6)

Pedicle screw grade according to
Gertzbein and Robbins classification

in computed tomography n (%) V;;e
A 402 (77.5) <0.001

B
C
D
E

Table 3: Evaluation of pedicle screws according to intraoperative fluoroscopy images
Good n(%)

Intraoperative Very good n(%)
fluoroscopy image

evaluation

Quality 48 (50.5)
Clarity 51 (53.7)
Angle 49 (51.6)

41 (43.2)
40 (42.6)
40 (42.1)

81 (15.6) <0.001
18 (3.5) <0.001
12 (2.3) <0.001
6 (1.2) <0.001

Fair n(%) Poor n(%)

4 (4.2) 2 (2.1)

3(3.2) 1(1.1)

4(4.2) 2 (2.1)

Table 4: Evaluation of pedicle screws according to postoperative computed tomography

Postoperative computed tomography image

evaluation
Good congruence
Incongruence
Loosening
Stability

Instability

No fatigue
Fatigue fracture

No relationship with adjacent structures
In relationship with adjacent structures

Malposition regions

Spinal canal
Nerve roots

Vessels
Soft tissues

M-L2
T6-T10
L3-51

n (%)

508 (97.9%)
9 (1.7%)

2 (0.4%)
510 (98.3%)
9 (1.7%)

516 (99.4%)
3 (0.6%)

491 (94.6%)
28 (5.4%)
18 (64.3%)
6 (21.4%)

3 (10.7%)
1(3.6%)

24.61%
14.07%
10.20%




The agreement between postoperative CT images and
intraoperative fluoroscopy images had a sensitivity of
93.8%, specificity of 95.6%, positive predictive value of
98.8% and negative predictive value of 83.3%.

Postoperative CT images also showed the fit, stability
and fatigue behavior of the pedicle screws to the
vertebrae. A good congruence with the vertebra
was observed in 97.9% (508/519) of pedicle screws,
incongruence in 1.7% (9/519), and loosening in 0.4%
(2/519). Stability was observed in 98.3% (510/519) and
instability in 1.7% (9/519) of pedicle screws. There were
no signs of fatigue in 99.4% (516/519) of the pedicle
screws and 0.6% (3/519) of the pedicle screws had
fatigue fractures (dislocated anterior to the vertebral
corpus) (Table 4).

Postoperative CT images also showed the relationship
of pedicle screws with adjacent structures. In 94.6%
(491/519) of the pedicle screws, there was no relationship
with adjacent structures, and in 5.4% (28/519) there was
a relationship with adjacent structures. In 64.3% (18/28)
spinal canal, 21.4% (6/28) nerve roots, 10.7% (3/28)
vessels, and 3.6% (1/28) soft tissues were affected.
Clinical symptoms or signs occurred in 57.1% (16/28)
of pedicle screws associated with adjacent structures.
Revision surgery was required in 35.7% (10/28) of
pedicle screws associated with adjacent structures.
When the frequency of the levels of screw malpositions
with postoperative CT images was analyzed, the
highest rate was found in T11-L2 (24.61%). The next
most common levels were T6-T10 (14.07%) and L3-S1
(10.20%) (Table 4).

Discussion

The findings of this study suggest that there are
significant differences between the use of intraoperative
fluoroscopy and postoperative CT for the placement
and evaluation of pedicle screws in spinal surgery. These
findings are consistent with the available information in
the literature. In particular, intraoperative fluoroscopy
is widely used because of its immediate visualization
during placement of pedicle screws, but postoperative
CT is considered the gold standard that should be used
for a more detailed analysis of pedicle screws (12,13).

Theresults of this study demonstrate that the positioning
of pedicle screws can be immediately assessed by
intraoperative fluoroscopy. With this technique, some
possible complications during the placement of pedicle

screws (such as screw malpositions) can be detected
and corrected immediately. However, the results of
this study showed that the ability of intraoperative
fluoroscopy to precisely detect the position, depth and
orientation of pedicle screws is limited. Furthermore,
the images obtained by intraoperative fluoroscopy are
generally low resolution and not sufficient to visualize
complex vertebral anatomy in detail (14).

At this point, the importance of postoperative CT
images becomes apparent. The results show that
postoperative CT provides a more accurate and
comprehensive method for the positioning and
evaluation of pedicle screws. With this technique, screw
malpositions, the depth and orientation of the screws,
and their relationship with the vertebral structures
could be detected much more precisely and clearly.
Moreover, postoperative CT provided high efficacy and
reliability in determining the integration, stability, and
fatigue behavior of pedicle screws with the vertebrae
and in detecting potential complications, risks, and
side effects (15). These findings suggest that data
obtained from postoperative CT may be important for
the surgical team to determine whether reoperation is
necessary (16).

In conclusion, both intraoperative fluoroscopy and
postoperative CT are important imaging techniques
for the placement and evaluation of pedicle screws in
spinal surgery. However, each technique has its own
advantages and limitations and should be chosen for
the ideal application purpose and considering the
circumstances that may arise.

The placement of pedicle screws in thoracolumbar
spinal fusion surgery is a complex process that
requires an understanding of spinal anatomy and
biomechanics. In our study, we observed the highest
rate of malposition in the T11-L2 segment, the reasons
for this should be analyzed in detail. This region of the
spinal column is located at the transition point between
the thoracic and lumbar regions and therefore shows
significant differences in anatomical and biomechanical
properties. The vertebral morphology in this region can
pose challenges for the placement of pedicle screws.
In particular, the narrow size of the pedicle and the
proximity of the spinal canal increase the sensitivity of
screw positioning and increase the risk of malposition
(17).

In addition to these anatomical features, biomechanical




stress in the T11-L2 region is also thought to affect
the risk of malposition. The thoracolumbar transition
zone is a point where the mobility and load-bearing
capacity of the spinal column changes, which may
affect the biomechanical forces applied to pedicle
screws108. Furthermore, degenerative changes or pre-
existing spinal pathologies in this region may further
complicate the placement of screws and increase the
malposition rate (18).

Our study emphasizes the importance of pedicle screw
placement in spinal surgery and how this process is
related to anatomical and biomechanical factors. These
findings require surgeons to pay special attention to
this region and take necessary precautions to reduce
the risk of malposition. Furthermore, these results
provide important information for the development of
future surgical techniques and training programs.

In this study, demographic and clinical data of 94
patients who underwent thoracolumbar spinal fusion
surgery were analyzed. Basic demographic information
such as age, gender, height, weight and body mass index
were analyzed and surgical indications were evaluated.
Intraoperative fluoroscopy and postoperative CT
images were critical during and after placement of
pedicle screws.

Analysis of intraoperative fluoroscopy images was
used to determine the placement and orientation of
pedicle screws. Of the 519 pedicle screws obtained,
the vast majority (approximately 95.6%) were grade A
or B, while a small proportion were grade C, D or E.
These findings demonstrate the precision and success
of pedicle screw placement.

Postoperative CT images provided more detailed
information about the position and orientation of the
pedicle screws. With these images, important factors
such as the fit of the screws to the vertebrae, stability,
and fatigue behavior were examined. As a result of CT
analysis, good alignment and stability were observed
in the majority of pedicle screws (97.9%), but a small
proportion showed mismatch and instability.

Impact on clinical practice and recommendations

The findings of this study provide a detailed account
of the difficulties encountered during the placement of
pedicle screws in thoracolumbar spinal fusion surgeries

and the impact of this process on clinical practice. The
results of the study provide importantrecommendations
to improve practice in spinal surgery.

Increase Anatomical and Biomechanical Knowledge:
The high malposition rates in the T11-L2 region
emphasize the importance for spinal surgeons to
deepen their anatomical and biomechanical knowledge
in this area. This will enable surgeons to perform more
precise and safe interventions in this complex region.

Use of Advanced Imaging Techniques: The effective
use of intraoperative fluoroscopy and postoperative
CT improves the accuracy and safety of pedicle screw
placement. Widespread use of these techniques may
improve surgical success rates and reduce the risk of
complications.

Surgical Training and Simulation: In surgical training
programs, it is recommended that special attention
be paid to the thoracolumbar region and that skills
in this area be developed through simulation and
practical applications. This approach may increase
the experience of surgeons and minimize the risks of
malposition.

Patient Customized Planning: Recognizing that each
patient's spinal anatomy is unique, surgical planning
should be customized accordingly. Patient-centered
approaches can contribute to improved surgical
outcomes.

Integration of Technological Innovations: The use
of innovative tools such as artificial intelligence and
robotic technologies can provide greater precision and
safety in the placement of pedicle screws. Integration
of such technologies into surgical practice may improve
surgical outcomes.

Multidisciplinary ~ Approach:  Closer  collaboration
between disciplines such as spinal surgery, neurology,
radiology and physiotherapy could provide significant
benefits in the comprehensive evaluation and treatment
planning of patients.

Continued Clinical Research: More clinical research
is needed in this area. In particular, it is important
to obtain new findings to overcome the difficulties
encountered in the placement of pedicle screws and to
improve surgical techniques.




These recommendations are critical to increase the
safety and efficacy of spinal surgery and improve patient
outcomes. The results of this study may contribute to
the development of approaches and techniques in the
fleld of spinal surgery, which will directly affect clinical
practice and patient care.

Conclusions

The results of this study provide important information
for the evaluation of techniques and imaging modalities
used in the placement of pedicle screws. Comparative
analysis of intraoperative fluoroscopy and postoperative
CT images provided critical data for improvements in
spinal surgical practice. These findings will contribute to
taking important steps towards increasing the success
of pedicle screw placement and improving surgical
safety.

Conflict of interest: The authors report no conflict
of interest.

Funding source: No funding was required.

Ethical approval: Ethical approval was taken from
University of Health Sciences Kartal Training and
Research Hospital numbered 2023/514/260/39.

Informed consent: The authors have obtained the
approval of the Ethics Committee for the analysis and
publication of clinical data obtained routinely. The
informed consent of the patients was not required
because it was a retrospective observational study.

Acknowledgments: None

Peer-review: Externally. Evaluated by independent
reviewers working in at least two different institutions
appointed by the field editor.

Data availability: The datasets generated during
and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Contributions

Research concept and design: HCC, BG

Data analysis and interpretation: HCC, BG
Collection and/or assembly of data: HCC, BG
Writing the article: HCC

Critical revision of the article: HCC, BG

Final approval of the article: HCC, BG

All authors read and approved the final version of the

manuscript.

References

1. Virk S, Qureshi S, Sandhu H. History of Spinal Fusion:
Where We Came from and Where We Are Going. HSS J.
2020;16(2):137-42.

2. Rodriguez-Morales J Méndez-Viveros A, Pineda-
Herndndez C, Parra-Romero G, Arifiez-Barahona E,
Guartazaca-Guerrero S, et al. Incidence of neurosurgical
pathology of the spine in population of Mexico City. Cir
Cir. 2021;89(6):806-10.

3. Prasse T, Hofstetter CP Heck V), Meyer C, Wetsch WA,
Scheyerer MJ, et al. Current evidence on where to end a
fusion within the thoracolumbar junction most preferably
- A systematic literature review. Neurochirurgie.
2022;68(6):648-53.

4. Oppenlander ME, Clark JC, Kalyvas J, Dickman CA.
Indications and Techniques for Spinal Instrumentation
in  Thoracic Disk Surgery. Clin  Spine  Surg.
2016;29(2):E99-E106.

5. GelalisID, Paschos NK, Pakos EE, Politis AN, Arnaoutoglou
CM, Karageorgos AC, et al. Accuracy of pedicle screw
placement: a systematic review of prospective in vivo
studies comparing free hand, fluoroscopy guidance and
navigation techniques. Eur Spine J. 2012,;21(2):247-55.

6. Yang Z Sun Y, Deng C, Dong X, Hao L. Comparative
efficacy of robotic-assisted and freehand techniques
for pedicle screw placement in spinal disorders: a
meta-analysis and systematic review. J Robot Surg.
2024;18(1):121.

7. Mavrogenis AF,  Papagelopoulos PJ, Korres DS,
Papadopoulos K, Sakas DE, Pneumaticos S. Accuracy
of pedicle screw placement using intraoperative
neurophysiological ~ monitoring  and  computed
tomography. J Long Term Eff Med Implants. 2009;19(1):41-
8.

8. Verma R, Krishan S, Haendlmayer K, Mohsen A.
Functional outcome of computer-assisted spinal pedicle
screw placement: a systematic review and meta-analysis
of 14 studies. Eur Spine J. 2010;19(2):370-5.

9. Lliu H, Zhou ZY, Wei JX, Zhang M, Bai M, Huang AB.
Comprehensive analysis of pedicle screw implantation
in the C7 vertebra using computed tomography-based
three-dimensional models. BMC Surg. 2022;22(1):96.

10. Abul-Kasim K, Ohlin A, Strombeck A, Maly P Sundgren
PC. Reliability of low-radiation dose CT in the assessment
of screw placement after posterior scoliosis surgery,

evaluated with a new grading system. Spine (Phila Pa
1976). 2009;34(9):941-8.

11. Gertzbein SD, Robbins SE. Accuracy of pedicular screw




12.

13.

14.

15.

16.

17.

18.

placement in vivo. Spine (Phila Pa 1976). 1990;15(1):11-4.

Tarawneh AM, Haleem S, D'Aquino D, Quraishi N.
The comparative accuracy and safety of fluoroscopic
and navigation-based techniques in cervical pedicle
screw fixation: systematic review and meta-analysis. J
Neurosurg Spine. 2021,18:1-8.

Yoshida G, Sato K, Kanemura T, Iwase T, Togawa D,
Matsuyama Y. Accuracy of Percutaneous Lumbosacral
Pedicle Screw Placement Using the Oblique Fluoroscopic
View Based on Computed Tomography Evaluations.
Asian Spine J. 2016;10(4):630-8.

Perdomo-Pantoja A, Ishida W, Zygourakis C, Holmes C,
lyer RR, Cottrill E, et al. Accuracy of Current Techniques
for Placement of Pedicle Screws in the Spine: A
Comprehensive Systematic Review and Meta-Analysis
of 51,161 Screws. World Neurosurg. 2019;126:664-678.€3.

Burstrom G, Cewe P Charalampidis A, Nachabe
R, Soderman M, Gerdhem P et al. Intraoperative
cone beam computed tomography is as reliable as
conventional computed tomography for identification
of pedicle screw breach in thoracolumbar spine surgery.
Eur Radiol. 2021;31(4):2349-2356.

Parker SL, McGirt MJ, Farber SH, Amin AG, Rick AM,
Suk |, et al. Accuracy of free-hand pedicle screws in the
thoracic and lumbar spine: analysis of 6816 consecutive
screws. Spine. 2011;,33(2):E39-46.

Katonis P Christoforakis J, Kontakis G, Aligizakis AC,
Papadopoulos C, Sapkas G, et al. Complications and
problems related to pedicle screw fixation of the spine.
Clin Orthop Relat Res. 2003;411:86-94.

Proietti L, Scaramuzzo L, Schird GR, Sessa S, Tamburrelli
FC, Cerulli G. Degenerative facet joint changes in lumbar
percutaneous pedicle screw fixation without fusion.
Orthop Traumatol Surg Res. 2015;101(3):375-9.

Publisher's Note: Unico's Medicine remains neutral
with regard to jurisdictional claims in published maps
and institutional affiliations.




