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Outcome of cervical cases operated with posterior cervical
pedicle screw placement: a single-center retrospective
study
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ABSTRACT

BACKGROUND: Cervical pedicle screws offer biomechanical advantages over other stabilization systems. However, their place-
ment carries a relatively high risk of vascular or neurological injury due to individual differences and the complex structure of the cer-
vical spine. Therefore, understanding patient-specific anatomy is crucial for the safe and accurate placement of pedicle screws. In this
study, we present our single-center case series over a seven-year period involving cervical pedicle screw placement in subaxial cases.

METHODS: We retrospectively analyzed patients who underwent cervical subaxial pedicle screw placement between 2017 and
2024. A freehand surgical technique was employed, using a mini-laminotomy approach to ensure safe screw placement. During the
procedure, the medial, superior, and inferior borders of the pedicle were palpated.

RESULTS: A total of 70 cases were analyzed retrospectively. Fifty patients were male, and 20 were female. The patients ranged in age
from 20 to 89 years (median age: 64 years). Fifty-seven patients (81.5%) had cervical stenosis as the surgical indication. Of the remain-
ing cases, || patients had fractures and two had tumors. Among the 468 pedicle screws placed, 434 were graded as 0-1. The correct
placement rate was 92.7%. Thirty-four screws were malpositioned (grade 2-3), representing a rate of 7.3%.

CONCLUSION: In our case series, the accuracy of cervical subaxial pedicle screw placement was high. We believe that achieving this
level of accuracy requires a strong understanding of anatomy, three-dimensional spatial awareness, and surgical experience.

Keywords: Cervical subaxial pedicle screw; cervical spondylotic myelopathy; cervical trauma; cervical tumor.

INTRODUCTION

Cervical spondylotic myelopathy, cervical trauma, and cervical
tumors are among the most common indications for posterior
cervical fusion surgery. In many of these cases, surgeons en-
counter distorted anatomy, which compromises the accuracy
and safety of cervical pedicle screw insertion. For individuals
with segmental instability, local kyphosis, or previously oper-
ated cervical spine disorders, combined posterior decompres-
sion and reconstruction is beneficial.["!

Due to their superior biomechanical properties compared to

other methods, cervical pedicle screws are increasingly used in
cervical spine fusion surgery.”! However, the technique carries
a relatively high risk of vascular or neurological injury due to
individual anatomical variations and the complex architecture
of the cervical spine.!

Modern navigation systems can improve pedicle screw accu-
racy, but they also have limitations. The shift can introduce
errors, and the cost of the technology remains high. Ito et
al.™ reported a 97.2% Grade | accuracy rate using 3D flu-
oroscopy-assisted cervical pedicle screw insertion, which is
an ideal outcome. However, this technology is not available

Address for correspondence: Pinar Kuru Bektasoglu

E-mail: drpinarkuru@gmail.com

Cite this article as: Borekci A, Kuru Bektagoglu P, Celikoglu E. Outcome of cervical cases operated with posterior cervical pedicle screw placement:
A single-center retrospective study. Ulus Travma Acil Cerrahi Derg 2025;31:798-803.

Department of Neurosurgery, University of Health Sciences, Fatih Sultan Mehmet Education and Research Hospital, istanbul, Tiirkiye

Ulus Travma Acil Cerrahi Derg 2025;31(8):798-803 DOI: 10.14744/tjtes.2025.83686 =% =]
Submitted: 17.11.2024 Revised: 01.07.2025 Accepted: |1.07.2025 Published: 05.08.2025
OPEN ACCESS This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/).

B

798

Ulus Travma Acil Cerrahi Derg, August 2025, Vol. 31, No. 8


https://orcid.org/0000-0002-3687-7934
https://orcid.org/0000-0001-9889-9955
https://orcid.org/0000-0002-2064-9072 

Borekci et al. Posterior subaxial cervical pedicle screw placement results

in every operating room, and the issue of radiation exposure
is still unresolved. Therefore, understanding patient-specific
anatomy is essential to improving accuracy in pedicle screw
placement, particularly in the cervical area.’! More feasible al-
ternative methods have been described in the literature, such
as detailed preoperative planning based on patient-specific
anatomy! and 3D modeling, which may also help reduce ra-
diation exposure.?

In this study, we aimed to present our single-center case se-
ries over a seven-year period involving cervical subaxial pedi-
cle screw placement using the freehand technique.

MATERIALS AND METHODS

We retrospectively analyzed patients who underwent cervi-
cal pedicle screw placement in our clinic between April 2017
and May 2024. Local ethical committee approval was obtained
(FSMEAH-KAEK 2021/37). The study was conducted in ac-
cordance with the Declaration of Helsinki. After April 2022,
the senior neurosurgeon began using a surgical microscope
for pedicle screw placement. Forty-one cases were per-
formed without a microscope, and 29 were performed using
a surgical microscope. The surgical technique followed the
method we previously published.”? The authors used a free-
hand surgical technique to place the cervical pedicle screws.

Figure 1. (a) Preoperative T1-weighted magnetic resonance imag-
ing (MRI) in the neutral position. (b) Preoperative T2-weighted MRI
in the neutral position. (c) Preoperative T2-weighted MRI in flexion.
(d) Preoperative T2-weighted MRI in extension.

Ulus Travma Acil Cerrahi Derg, August 2025, Vol. 31, No. 8

This involved a mini-laminotomy approach to palpate the
medial trajectory of the pedicle and guide screw placement.
The entry point for the pedicle screw was |-2 mm lateral
to the midpoint of the superior articular process. The mini-
laminotomy technique enabled the surgeon to feel the medial
trajectory of the pedicle. Grading of the pedicle screws was
based on previously published criteria:"!

* Grade 0: Screw entirely within the pedicle walls,

* Grade |: Less than 25% of the screw penetrated the pedicu-
lar cortex, with no neurovascular contact,

* Grade 2: More than 25% of the screw penetrated the pe-
dicular cortex,

* Grade 3: Grade 2 perforation with additional neurovascular
contact, with more than 50% perforation.

Figure 2. (a-h) Postoperative axial computed tomography (CT) im-
ages from C2 to T2.
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Figure 3. (a) Postoperative sagittal computed tomography (CT)
images. (b) Postoperative six-month T1-weighted magnetic reso-
nance imaging (MRI). (c) Postoperative six-month T2-weighted
MRI.

Case |: A 71-year-old female patient presented to the neurosur-
gery outpatient clinic with severe neck pain, numbness and pain
in both arms, and complaints of imbalance. She had no motor
neurological deficits. Her deep tendon reflexes were increased,
and Hoffman reflexes were positive. Preoperative magnetic
resonance imaging (MRI) showed C3-T| spinal stenosis (Fig. 1).
C2-T2 posterior stabilization and C3-Cé total laminectomy with
decompression were performed. Postoperative images showed
that all screws were classified as Grade 0 (Fig. 2). Postoperative
MRI confirmed that adequate spinal canal decompression was
achieved using this technique (Fig. 3).

Case 2: A 47-year-old male patient presented to the neurosur-
gery outpatient clinic with neck pain, numbness in both arms,
and difficulty walking. He had no motor neurological deficits but
exhibited bilateral lower extremity spastic paraparesis. His deep
tendon reflexes were increased. Preoperative magnetic reso-
nance imaging showed C3-C7 spinal stenosis (Fig. 4A-B). Using
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Figure 4. (a) Preoperative T2-weighted magnetic resonance im-
aging (MRI) in the neutral position. (b) Preoperative T2-weighted
MRI in extension. (c) Postoperative sagittal computed tomography
(CT) image.

a surgical microscope, C3-T2 posterior stabilization and C3-Cé
total laminectomy with decompression were performed. Post-
operative images showed that all screws were classified as Grade
0 (Fig. 4C-5). Postoperative MRI also confirmed that adequate
spinal canal decompression was achieved using this technique
(Fig. 6).

Statistical Analysis

The calculations presented in this study were performed
using https://www.calculator.net/mean-median-mode-range-
calculator.html and https://www.medcalc.org/calc/).

RESULTS

In this study, we retrospectively analyzed 70 cases. Fifty pa-
tients were male, and 20 were female. Patient ages ranged
from 20 to 89 years (median: 64 years). Fifty-seven patients
(81.5%) had cervical stenosis-related indications for surgery.
Among the remaining patients, seven had fractures, four had
sustained injuries in traffic accidents, and two had tumors.
Trauma patients underwent surgery due to instability caused
by fracture-dislocation and ligamentous injury, as identified on
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Figure 5. (a-g) Postoperative axial computed tomography (CT) im-
ages from C3 to T2.

cervical MRI. In cases involving cervical spondylotic myelopa-
thy and tumors, posterior cervical stabilization was planned
to prevent iatrogenic instability and post-laminectomy kypho-
sis that could result from decompression at multiple consecu-
tive levels.

A total of 468 pedicle screws were placed by the senior
neurosurgeon (EC). Postoperative imaging was evaluated
by three neurosurgeons, who graded the cervical pedicle
screws. Of the screws placed, 434 were classified as Grade
0-1, corresponding to a correct placement rate of 92.7%.
Thirty-four screws were malpositioned (Grade 2-3), repre-
senting a 7.3% malposition rate. However, revision surgery
was not required, as no postoperative neurological deficits
were observed. No intraoperative or postoperative vertebral
artery injuries occurred in any of the patients in this series.
In one of our cases, wound debridement was performed due
to a wound site infection, while in three cases, cerebrospinal
fluid fistulas were treated with external lumbar drainage. In
four cases operated on for cervical spondylotic myelopathy,
C5 palsy developed despite no malposition of the screws;
however, all cases improved within the first postoperative
month with physical therapy. The detailed characteristics of
each patient and the screw grades are provided in Table |.

Malposition was detected in 20 (7.43%) of the 269 pedicle
screws placed in 41 cases operated on without a microscope,
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Figure 6. (a) Postoperative six-month T1-weighted magnetic reso-
nance imaging (MRI). (b) Postoperative six-month T2-weighted
MRI.

and in 14 (7.03%) of the 199 pedicle screws placed in 29 cases
operated on under a microscope. There was no statistically
significant difference between these approaches.

DISCUSSION

Cervical spondylotic myelopathy is a debilitating condition
that may affect gait and lead to spastic quadriplegia. Decom-
pression and accompanying stabilization are essential com-
ponents of its surgical management.l'! Additionally, in cases
of cervical trauma and tumors, stabilization may be required
when instability is evident. In selected cases, minimally inva-
sive endoscopic approaches may be preferred for cervical disc
pathologies.®' These smaller incisions offer advantages such
as less tissue damage, shorter hospital stays, and faster re-
covery. In our series, cervical instability was significant, and
posterior segmental stabilization was necessary.

We applied our technique in cases where instability was evi-
dent and in those requiring multilevel laminectomy. In cervi-
cal spondylotic myelopathy, cervical stability may be compro-
mised after laminectomy or laminoplasty, potentially leading
to kyphotic spinal deformities. In stable, multilevel cervical
spondylotic myelopathy cases, it has been reported that the
unilateral hemilaminectomy with bilateral osteoligamentous
decompression technique does not result in postopera-
tive cervical kyphosis or cervical instability. This approach
also provides significant long-term improvements in Nurick
grades, Visual Analog Scale (VAS) scores, and modified Japa-
nese Orthopaedic Association (mJOA) scores. It has been
suggested that this technique may eliminate the need for an-
terior and posterior fusion in certain cases of cervical spondy-
lotic myelopathy.l''! Additionally, the bilateral decompression
technique using cervical endoscopic unilateral laminoforami-
notomy has been reported as a less invasive alternative to
traditional decompression surgeries in cases of myelopathy
caused by cervical stenosis.['Z

The pedicle is the strongest component of the vertebral body.
[21 Pedicle screws provide significant holding capacity because
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they traverse all three columns. In 1994, Abumi et al.l'¥! de-
scribed the technique and reported |3 cases of pedicle fixa-
tion for traumatic lesions of the lower cervical spine, marking
the first report of pedicle screw insertion from C3 to Cé.
Abumi et al.l'*'¢l later extended the use of cervical screw fixa-
tion to non-traumatic injuries, cervical kyphosis correction,
and craniocervical junction repair.

The conventional approach to cervical pedicle screw place-
ment has a steep learning curve. Challenges include low ac-
curacy, repeated punctures, different perspectives, and a high
breach rate, all of which depend heavily on the surgeon's
experience. Therefore, when using the freehand technique
for cervical pedicle screw placement, surgeons must consider
individual anatomical variations and develop a patient-specific
surgical plan.l”!

Using a high-speed burr with a diamond tip, Abumil'! described
how to create a funnel-shaped hole at the screw insertion
point, extending down to the pedicle entry. Compared to the
posterior part of the lateral mass, the pedicle cavity entrance
provides surgeons with a greater range of motion for adjust-
ing the screw insertion angle. As a result, once a funnel-like
hole has been created, the screw can be inserted at a less
oblique angle than the pedicle's true anatomical axis.

We used the Celikoglu technique, as previously reported.’!
In these cases, we used a drill to create the entry hole and a
probe to follow the trajectory. Additionally, we performed a
mini-laminotomy to palpate the pedicle medially and deter-
mine the medial trajectory, thereby increasing the accuracy. In
our previous case series using this technique, we reported an
accuracy rate of 90.3% in 227 cervical pedicle screws. In the
current case series, the accuracy was 92.7% for 468 cervical
pedicle screws. This supports the safety and reliability of our
technique.’! Lee et al.l'”l also reported 90% accuracy with
their “Key Slot Technique.” Our outcomes are similarly suc-
cessful, achieved without excessive radiation exposure and
with favorable clinical results. The morphometric characteris-
tics of the pedicles were carefully analyzed using preoperative
computed tomography scans. During surgery, the superior
and inferior borders of the pedicle were palpated using a
hook through the mini-laminotomies, and screws were placed
following the determined pedicle trajectory. In cases where
decompression was performed, the medial surfaces of the
pedicles were also examined for malposition. Therefore, fluo-
roscopy was used only once, after all screws had been placed.

The most reliable spinal fixation method to date is posterior
pedicle screw fixation.I'! Biomechanical studies have shown
that cervical pedicle screws offer greater strength during fa-
tigue testing and a significantly lower rate of loosening at the
bone-screw interface.l'®'”] However, due to the small pedicle
diameters, steep pedicle angles, and thin lateral cortex of
the cervical vertebrae, cervical pedicle screw placement is
technically demanding and associated with potential compli-
cations. The risk of injuring the vertebral artery or nerve

802

Borekdi et al. Posterior subaxial cervical pedicle screw placement results

root is a constant concern for surgeons, and minimizing those
risks is critical for achieving favorable clinical outcomes. Me-
dial malposition of a pedicle screw can endanger the spinal
cord and root, while lateral perforation puts the vertebral
artery at risk.”?®! In our series, no intraoperative or postop-
erative vertebral artery injuries were observed. Although 34
pedicle screws were assessed as malpositioned, revision was
not required, as none resulted in postoperative neurological
deficits. This may be attributed to the 2-6 mm safe zone ad-
jacent to the medial wall of the pedicle, as demonstrated in
anatomical studies.?"!

CONCLUSION

In this study, we demonstrated that the freehand technique
is a safe and feasible method for cervical pedicle screw inser-
tion. The surgeon’s experience and thorough preoperative
planning are essential when using the freehand technique for
cervical pedicle screw placement.
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ORIJINAL CALISMA - 0Z

Posterior subaksiyel servikal pedikiil vidasi ile ameliyat edilen servikal olgularin sonuglar::
Tek merkezli retrospektif bir caligma

AMAC: Servikal pedikil vidasinin diger stabilizasyon sistemlerine gére biyomekanik avantajlari vardir. Bununla birlikte, servikal pedikil vidasi teknigi,
bireysel farkliliklar ve servikal omurganin mimari 6zellikleri nedeniyle oldukga yiiksek vaskdler veya nérolojik hasar riski tasimaktadir. Bu nedenle, vi-
dayi pedikdil igine glivenli ve dogru bir sekilde yerlestirirken hastaya 6zgli anatomiyi anlamak gok énemlidir. Bu galismada, subaksiyel servikal pedikiil
vidasl ile ameliyat edilen 7 yillik tek merkezli olgu serimizi sunduk.

GEREC VE YONTEM: 2017-2024 yillari arasinda servikal subaksiyel pedikiil vidasi ile ameliyat edilen hastalan retrospektif olarak analiz ettik. Cer-
rahi teknik su sekildeydi: pedikiil giris noktasi superior artikiiler prosesin orta noktasinin |-2 mm lateralindeydi ve mini laminotomi teknigi cerrahin
pedikiiliin medial gidisatini hissetmesini sagladi.

BULGULAR: Bu galismada 70 olgu retrospektif olarak analiz edildi. Hastalarin 50'si erkek, 20'si kadindi. Hastalar 20-89 yas arasindaydi (medyan
64 yas). Elli yedi hastada (%81.5) servikal stenozla iliskili ameliyat endikasyonu vardi. Diger hastalarin onbirinde kirik ve ikisinde timor vardi. Yer-
lestirilen 468 pedikil vidasinin 434'U grade 0-1 idi. Dogru yerlestirme orani %92 idi. Otuz dort vida malpoze olarak degerlendirildi (derece 2-3) ve
orani %8 idi.

SONUC: Olgu serimizde servikal subaksiyel pedikiil vidasi yerlestirme dogrulugu oldukga yiiksekti ve bu dogrulugu elde etmek igin iyi bir anatomik
bilgi ve li¢ boyutlu diistinme becerisinin, cerrahi tecriibe ile desteklenmesi gerektigini diistinmekteyiz.

Anahtar sozciikler: Servikal subaksiyel pedikdil vidasi; servikal spondilotik miyelopati; servikal travma; servikal timaor.
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