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Objective : The subaxial cervical pedicle screwing technique shows powerful biomechanical properties for posterior cervical
fusion. When applying a pedicle screw using the freehand technique, it is essential to analyse cervical computed tomography and
plan the surgery accordingly. Normal cervical computed tomography is usually performed in the supine position, whereas during
surgery, the patient lies in a prone position. This fact leads us to suppose that radiological evaluations may yield misleading results.
Our study aimed to investigate whether there is any superiority between preoperative preparation on computed tomography
performed in the prone position and that performed in the supine position.

Methods : This study included 17 patients (132 pedicle screws) who were recently operated on with cervical vertebral computed
tomography in the prone position and 17 patients (136 pedicle screws) who were operated on by conventional cervical vertebral
computed tomography as the control group. The patients in both groups were compared in terms of age, gender, pathological
diagnosis, screw malposition and complications. A screw malposition evaluation was made according to the Gertzbein-Robbins
scale.

Results : No statistically significant difference was observed between the two groups regarding age, gender and pathological
diagnosis. The screw malposition rate (from 11.1% to 6.9%, p<0.05), mean malposition distance (from 2.18 mm to 1.86 mm, p <0.05),
and complications statistically significantly decreased in the prone position computed tomography group.

Conclusion : Preoperative surgical planning by performing cervical vertebral computed tomography in the prone position reduces
screw malposition and complications. Our surgical success increased with a simple modification that can be applied by all clinicians
without creating additional radiation exposure or additional costs.
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INTRODUCTION

The subaxial cervical posterior pedicle screwing technique
provides a powerful construct in stabilising the cervical verte-

13-15,28
brae”™”

). It also gives extreme manoeuvrability in correcting
vertebral deformities. However, screw malposition can lead to
severe complications due to the neural and vascular structures
adjacent to the vertebrae. Therefore, its routine use is still lim-
ited”. Instrument sizes and entrance angles can vary from pa-
tient to patient. There is no defined standard technique™*'”.
To avoid screw malposition and complications, navigation-as-
sisted surgery, sensing and seeing the pedicle with micro-lam-
inotomies and careful analysis of preoperative computed to-
mography (CT) are recommended™”””.

Neuronavigation-assisted surgery significantly reduces
screw malposition'”””. However, limitations such as serious
cost increase, prolonged surgical time, loss of surgical skills
and restriction of training the assistants have been report-
ed®'*"*?***) Studies have reported that it increases screw
malposition, although rare”*”. It also causes high-dose radia-
tion exposure for both the patient and the surgeon.

With the freehand surgical technique, exposure to radiation
is reduced and surgery duration is shortened**”. In this tech-
nique, scope is limited to the posterior-anterior and lateral ra-

diographs only after the screws are placed. Screw application

in the freehand technique is planned according to anatomical
landmarks. Pathologies secondary to surgery, such as osteo-
phytic changes in degenerative cases and post-laminectomy
kyphosis, cause difficulties in identifying anatomic landmarks
and surgical application. Therefore, in the frechand surgical
technique, it is essential to evaluate the anatomical structure
of patients with preoperative CT.

Standard cervical CT is performed in the supine position.
In surgery, the patient lies in the prone position with head
flexion. This leads us to suppose that radiological evaluations
can yield misleading results, especially in screw angles and,
therefore, in screw lengths (Fig. 1). In our study, we aimed to
investigate whether the preoperative preparation performed
on CT in the prone position is superior to that in the supine

position.

MATERIALS AND METHODS

This retrospective chart review study involving human par-
ticipants was in accordance with the institutional and national
research committee’s ethical standards and with the 1964 Hel-
sinki Declaration and its later amendments or comparable
ethical standards. The Human Investigation Committee (IRB :
806, date : 2020 April 22) of Adana City Education and Re-

Fig. 1. The same patient’s computed tomography sagittal sections. A : Supine position. B : Prone position. The angles between the vertical line and the pedicle
plane appear to increase from 11.5° to 26.6° at the C6 level, from 9.5° to 15.2° at the C5 level and from 1.2° to 5° at the C4 level.
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search Hospital approved this study.

Patients who underwent posterior subaxial cervical pedicle
screwing for degenerative and traumatic deformities, spondy-
lotic and multilevel stenosis, discopathy and oncological pa-
thologies from 2014 to 2019 were scanned in our clinic. Sixty-
seven patients who were applied with 512 pedicle screws were
detected. Seventeen patients (132 pedicle screws) who under-
went prone position CT, which is the position given to the pa-
tients during the operation, and who were operated on with
preoperative preparations accordingly, and 17 patients (136
pedicle screws) who conventionally underwent supine posi-

tion CT and who were operated on with preoperative prepara-

1.12 mm

N

’,

5.72 mm
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tion (136 pedicle screws) accordingly were included in the
study. The patients were classified into the supine position CT
group and the prone position CT group. Twenty-eight patients
with 196 screws operated on in the first year of performing the
technique were not included in the study because of negative
results due to the learning curve. Moreover, five patients with
a pedicle diameter smaller than 3 mm were excluded from the
study. The same surgical procedure was applied to the patients
by the same surgical team. The patients in both groups were
compared in terms of age, gender and pathological diagnosis.
The development of neurovascular injury due to screw mal-

position was investigated. Postoperative CT evaluation was

2.22 mm

Fig. 2. Post operative computed tomography evaluation according to the Gertzebein-Robbins scale. A : Grade A on right pedicle and grade B on left pedicle. B :

Grade Con left pedicle. C: Grade D on left pedicle. D : Grade E on left pedicle.
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made according to the Gertzbein-Robbins scale (Fig. 2)"”. The
Gertzbein-Robbins scale is evaluated in Table 1.

During the CT examination, the patient is taken in the
Concorde position, similar to during surgery. The body is
raised by placing a silicone pillow under the breast and the
neck is flexed. The head of the patient is fixed by tapes, similar
to during surgery (Fig. 3).

The pedicle perforation distance was measured as the nom-
inal in screw malposition. Radiological evaluations were

screened by three different observers.

Surgical technique

We performed the technique as reported by Abumi”. The
patient was placed in the Concorde position. Muscle dissec-
tion was performed up to the lateral margin of the lateral
mass. The optimal entry point for the C3—C7 pedicles was
chosen as slightly lateral to the centre of the articular mass
and close to the inferior margin of the inferior articular pro-
cess of the cranially adjacent vertebra. The entry points were
slightly modified according to the CT anatomy of each pa-
tient. We determined the medial and vertical angles and screw
size according to the evaluations made on the CT scan. A
small cortical funnel-like-shaped hole was drilled with a high-
speed burr with a diamond tip. The cancellous bone was

passed by sensing the medial wall with the curved probe. As

Table 1. Gertzebein-Robbins scale

Grade A Screw in proper position

Grade B Penetration of less than 2 mm

Grade C Penetration of more than 2, but less than 4 mm
Grade D Penetration of more than 4, but less than 6 mm
Grade E Penetration of more than 6 mm

the medial wall is the thickest, it is not easy to penetrate with a
pedicle probe. After tapping and controlling with a ball tip
probe, the appropriate size screw was placed. Anterior-posterior

and lateral radiographs were viewed by an intraoperative C-arm.

Statistical analysis

The demographic characteristics of the patients and surgical
characteristics were summarised using descriptive statistics.
The Kolmogorov-Smirnov test was used to check whether
continuous variables were normally distributed. The chi-
square test was also used. We used the IBM SPSS ver. 22 pro-
gram (IBM Corp., Armonk, NY, USA) for the statistical anal-
ysis in our study. The Wilcoxon signed-rank test was used to
compare the surgical treatment results. We compared the
groups according to the Kruskal-Wallis test. The significance
value for this study was set to p<0.05. The Mann-Whitney U
test was used in the pairwise comparisons of the groups. Ken-
dall’s coefficient of concordance (Kendall’s W) test was used
in the SPSS program to evaluate the agreement between the
measurements of independent observers. The range of values
was 0—1, which indicates an excellent agreement as it ap-

proaches 1.

RESULTS

No significant difference was found between the two groups
in terms of age and gender characteristics. The surgical pa-
thologies of the patients were found to be similar. In both
groups, the most common pathology was cervical stenosis,
and the second most common pathology was traumatic le-
sions (Tables 2 and 3).

Kendall’s coefficient of concordance (Kendall’s W) test was

Fig. 3. Positioning during surgery and computed tomography examination.
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used in the SPSS program to evaluate the agreement between
the measurements of independent observers. The interobserv-
er reliability showed excellent agreement with an intraclass
correlation coefficient of 0.994.

Screw malposition with CT was evaluated separately for
each cervical segment according to the Gertzbein-Robbins
scale. Grade A and B are considered successful and grade C-E
as unsuccessful. The malposition rate was found to be higher
at the C3 level in both groups than at other levels (p<0.05).
Malposition at the C3 level in the prone position CT group
was statistically significantly lower than in the supine position

CT group (p<0.05). The success rate for each level is given in

Table 2. Evaluation of the groups in terms of age and gender

Supine position Prone position

CT group CT group AELE
Avaerage age (years) 49.70 5047 >0.05
Minimum 22 28
Maximum 66 66
Gender
Male 10 1 >0.05
Female 7 6

CT: computed tomography

Table 3. Distribution of pathological diagnoses within the groups

Supine position Prone position

CT group CT group
Cervical spinal stenosis 7 6
Trauma 4 4
Oncological 3 3
Kyphotic deformity 2 3

Multilevel discopathy 1 1

CT: computed tomography

Table 4. Success rate for each cervical segment and Mann-Whitney U
test for screw malposition between the groups

Success rate (%) Mann-Witney U
Supine group Prone group U p-value
(@] 833 90.0 1224 <0.05
4 909 93.5 1845 <0.05
() 90.3 92.8 1845 <0.05
6 88.2 93.5 1845 <0.05
7 909 954 1224 <0.05
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Table 4. The total successful screw rate was 88.9% in the su-
pine position CT group and 93.1% in the prone position CT
group. The screws in both groups were successful in terms of
malposition, according to the Wilcoxon signed-rank test
(Z=-8.973, p<0.005). According to the statistically performed
Mann-Whitney U test (U=1224, p<0.05), screw success in the
prone position in terms of screw malposition was significantly
higher between the groups (Table 4). When the screw malpo-
sition was evaluated numerically, the average screw penetra-
tion was 2.18 mm in the supine position CT group and 1.86
mm in the prone position CT group, which was statistically
significantly lower (p<0.005).

In the supine position CT group, two patients had C5 palsy,
and one patient had vertebral artery (VA) occlusion. Whereas
complete recovery was achieved in one of the patients who de-
veloped C5 palsy, loss of strength was permanent in the other
patient. There were no severe clinical complications due to VA
occlusion. Transient C5 palsy was detected in two patients in
the prone position CT group.

DISCUSSION

Subaxial cervical screw placement using the freehand tech-
nique has been increasingly used as the standard method
since Abumi et al.s description in 1994”. However, complica-
tions include severe neurovascular injuries. It has been em-
phasised in the literature that these complications are an es-
sential factor making the technique difficult”*"™"”. CT-guided
navigation systems can be used to perform surgery with the
least error. Despite its positive results, it leads to high-dose ra-
diation exposure for both the patient and the surgeon. More-
over, it extends the surgery time, is expensive and inaccessible,
restricts surgical abilities and creates disadvantages for trainee
physicians®*”. Despite all these limitations, it reduces screw
malposition below 10%". Articles have reported that it in-
creases screw malposition, albeit rare”*”, CT-based navigation
cannot provide real-time navigation, and intraoperative spinal
alignment changes can appear during patient positioning. In
our technique, the patient’s CT scans are evaluated in the
prone position closest to the operation position. Our tech-
nique is inexpensive, simple and fast, and it provides satisfac-
tory results similar to the CT-based navigation system.

To avoid malposition, the screw can be inserted by feeling
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the pedicle with mini-laminotomies, but it creates difficulties
in multilevel operations. Moreover, sensing the medial wall
may not be sufficient to avoid lateral injuries. For this reason,
it is not a standard practice in the freehand technique. Burcev
et al.” reported that critical screw malposition rate around
40% with this technique. This value is considerably higher
than that in our series. Nevertheless, it is suitable for use in
suspicious cases in terms of assistance. In the literature, the
rate of failed screw-in cervical pedicle screws used with differ-
ent techniques has been reported at varying rates of 1.1-29.8%.
In the series reported in recent years, the rate of failed screws
did not exceed 10%"”. Preoperative CT examinations are the
most important and frequently used kind of assistance. When
making preoperative measurements by taking the preopera-
tive CT in the prone position, which is the patient’s position
during surgery, more accurate screw trajectories and screw
sizes can be chosen. Thus, the rate of failed screws in our se-
ries decreased from 11.1% to 6.9%. The screw was applied suc-
cessfully following the literature, but the success rate increased
through the simple change we used.

Previous studies have described different entry points and
different medial angles™®'**. Medial angulation between 25—
50° has been reported in various methods"******". This wide
range of medial angulation is also related to the choice of en-
try point. As the entry point slides laterally, the medial angu-

2,18,27,33 :
" Tt is necessary to capture the normal

lation increases
anatomical angle of this pedicle. To reduce the malposition
rate, anatomical landmarks should be correctly identified on
preoperative CT, and the correct entry point selection should
be made. The medial wall is the most robust in the pedicle
wall, and the medial wall penetration of the screw is less com-
mon. Many studies have focused on lateral wall injury and
have even used stratification according to lateral wall penetra-
tion alone to assess screw malposition™ . Moreover, VA in-
jury can be observed with lateral wall injury. Therefore, avoid-
ing lateral wall injury is important, but inferior and superior
wall penetrations are also crucial for neural injury. In this
context, sagittal angulation is considered significant. In the
current knowledge, sagittal angulation has not been empha-
sised in studies. Our study concluded that screw sagittal an-
gulations, which are similar to the surgical position, decreased
screw malposition in the prone position CT group. Patients
are usually operated on in the prone position with head flex-

ion. Changing the lordosis angles of the patients in this posi-
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tion will affect the sagittal angulation. Moreover, although
many authors describe the entry point differently, it is gener-
ally defined as 1-2 mm inferior to the facet joint. Owing to
the separation of the facet joint space in the prone position,
errors may develop in determining the entry point. In this
case, errors are expected in screw angulations in the sagittal
and axial planes. In our study, we performed preoperative
evaluations and measurements on the CT scans performed in
the prone position, as this would be the patient’s position dur-
ing the surgery. This avoided additional radiation exposure
and did not create extra costs. We found a significant decrease
in the number of malposed screws and the mean malposition
distance between the two groups.

The number of VA injuries reported in the literature is
0-2.4%"***" Spinal nerve root damage was reported at a rate
of 0—8.3% in the review by Yoshihara et al.””, in which com-
plications were screened. There was no spinal cord injury in
our study. As a significant permanent complication, C5 palsy
was detected in only one patient in the supine position CT
group. Transient C5 palsy was observed in one patient, and it
completely healed in the follow-up. One patient had VA occlu-
sion, but no clinical findings occurred, and thus screw revi-
sion did not need to be performed. Transient C5 palsy was ob-
served in two patients in the prone position CT group, and it
completely healed in the follow-up. There were no major per-
manent complications in the prone position CT group. Both
groups were compatible with the literature in terms of compli-
cations, but the results were better in the prone position CT
group. Even a single complication can sometimes be severe in
this technique, and thus complications should be reduced as
much as possible with the least error.

According to the literature, as the pedicle width of the C6—
C7 vertebra is large, malposition is less at these levels. On the
contrary, as the pedicle of the C3—C4 vertebrae is thin, malpo-

sition develops more frequently at these levels'™'"*

. In our se-
ries, the highest malposition rate was found at the C3 level in
both groups. At the C3 level in the prone position CT group,
the malposition rate was significantly lower than in the other
group. The lowest rate of malposition at the C7 level was de-
tected in the prone position CT group. We considered the in-
crease in success to be mainly related to the accuracy in sagittal
angles. However, there was still a high malposition at the C3
level, consistent with the literature. This is because the pedicle

is anatomically thin, and the muscles attached to the C2 verte-



bra are usually not dissected thin enough to preserve stability.

It is a difficult technique and is not included in primary
training programs in many neurosurgery clinics. Therefore,
there is a learning process. The results vary significantly when
using this technique, depending on the learning curve®™*". To
prevent this situation, the first 28 patients were not included
in our study. Further, to shorten the learning process, attend-
ing practical courses on cadavers or models is recommended,
and anatomical structures should be well known. Preoperative
radiological examinations should be well analysed, and surgi-
cal planning should be individual. In this way, the learning
process can be accelerated.

The same surgical procedure was applied to all the patients by
the same surgical team. The patient groups were homogeneous
in terms of age, gender and required pathological diagnosis.

This study is limited by the fact that it was conducted with
small patient groups. Studies with more extensive series
should give more reliable results. Prospective comparative
studies of surgical planning created through preparation with
prone position CT and CT-guided surgical techniques will en-

able us to reach a more precise conclusion.

CONCLUSION

As it is the patient’s position during surgery, preoperative
surgery planning with CT in the prone position provided pos-
itive results regarding screw malposition and complications in
the freehand subaxial cervical pedicle screwing technique.
The surgical success in this study increased with a simple
change that could be applied by all clinicians without creating

additional radiation exposure or costs incurred by patients.
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