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Abstract
Purpose  The cervical pedicle screw (CPS) requires careful and accurate placement because of the critical risk for neuro-
vascular injury. This study aimed to introduce and evaluate the safety and efficacy of a new CPS placement technique using 
intraoperative C-arm cone-beam CT (CBCT) and a pilot screw without navigation system.
Methods  This was a case–control study to compare the accuracy and safety of intraoperative C-arm CBCT-guided CPS 
placement with freehand CPS placement under lateral fluoroscopy using control data from a previous multicenter study. 
A total of 166 CPSs were inserted under intraoperative C-arm CBCT guidance in 48 consecutive patients (20 rheumatoid 
arthritis, 16 degenerative spinal disorders, 6 spinal tumor, 2 congenital deformity, 2 ossification of posterior longitudinal 
ligament, and 2 fracture dislocation). Accuracy and safety of CPS placement were assessed.
Results  The overall malposition rate was 2.4% (4 screws in grade 1: malposition by less than half-screw diameter, 0 in grade 
2: malposition by more than half-screw diameter), which was significantly lower than the reported malposition rate of 14.8% 
in lateral fluoroscopy-guided freehand placement. There were no complications directly related to CPS insertion. The average 
estimated effective radiation dose per surgery was 14.7 mSv.
Conclusions  The novel technique enables intraoperative adjustment of the trajectory of the CPS as well as confirmation of 
the CPS path before penetrating the isthmus of the pedicle, resulting in accurate and safe CPS placement, which outweighs 
the demerits of radiation exposure.

Graphical abstract  These slides can be retrieved under Electronic Supplementary Material.

Key points 

1. This study introduced a new intraoperative cone-beam CT guided cervical 
pedicle screw placement technique.

2. The cone-beam CT guided CPS placement was safer and more reliable 
compared to fluoroscopy guided free hand CPS placement.

3. Since the information obtained from intraoperative cone-beam CT is a real-
time accurate representation, it offers highly reliable 3D guidance for CPS 
placement, which outweighs the demerits of radiation exposure. 
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Take Home Messages

1. The information obtained from intraoperative cone-beam CT is a real-
time accurate representation. Therefore, it offers highly reliable 3D 
guidance for CPS placement, which outweighs the demerits of radiation 
exposure. 

2. Cone-beam CT guided CPS placement can ensure its safety as well as 
provide a more reliable anchor for cervical spinal reconstruction 
compared to conventional fluoroscopy guided free hand CPS insertion.
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Introduction

Despite considerable risk of neurovascular injury, par-
ticularly vertebral artery injury, in cervical pedicle screw 
(CPS) placement [1–4], CPS is an attractive spinal fixa-
tion device due to its biomechanical superiority over other 
spinal anchors [5–8]. Since the efficacy of CPS in cervical 
spine reconstruction surgery was first demonstrated in the 
1990s [7, 9], numerous techniques have been developed to 
improve the accuracy of CPS placement. Freehand place-
ment of CPS under fluoroscopy may be the most widely 
used technique [1, 4, 10–12]; however, our multicenter 
study demonstrated a malposition ratio of 14.8% [2]. Mal-
position of CPS can occur even in cases performed by 
experienced surgeons. Most cases requiring cervical spinal 
reconstructive surgery using CPS lack normal bony land-
mark and bone marrow cavity due to degenerative changes, 
destructive bone lesions or congenital deformity. Navi-
gation systems are getting popular and have successfully 
improved the accuracy of CPS placement compared to the 
freehand technique; however, the ratio of CPS misplace-
ment still ranges from 1 to 3% [13–15]. This may be attrib-
utable to the segmental movement or instability during 
insertion of CPS, which impairs accuracy of navigation 
guidance. Therefore, other tools or techniques, which can 
secure an accurate and safe placement of CPS, are needed.

In recent years, the equipment for intraoperative three-
dimensional (3D) imaging from C-arm cone-beam com-
puted tomography (CBCT) has been established all over 
the world, applicable to various fields such as vascular, 
brain, and orthopedic surgery [13, 16–19]. This system 
enables the surgeons to visualize the cervical spine using 
multiplanar reconstruction images during surgery and can 
be applicable to CT-guided insertion of CPS as well as 
postprocedural confirmation of the CPS position before 
completing the surgery.

In the current study, we aimed to examine the accuracy 
and safety of a new CPS placement technique using intra-
operative 3D imaging from C-arm CBCT and a pilot screw 
without navigation system. Secondarily we compared the 
accuracy of the technique to that of freehand placement of 
CPS under lateral fluoroscopy in historical controls from 
a previous multicenter study.

Materials and methods

Study design and patients

This was a case–control study to compare the accuracy 
and safety of intraoperative C-arm CBCT-guided CPS 

placement with freehand placement of CPSs under lat-
eral fluoroscopy using historical control data of a previ-
ous multicenter study [2]. This study was approved by the 
appropriate institutional review board.

From January 2013 to July 2017, 48 consecutive patients 
with cervical disorders who underwent cervical reconstruc-
tion surgery using CPSs at our institution were enrolled. 
There were 32 women and 16 men, with average age at sur-
gery of 60.7 (range: 21–82) years. There were 20 patients 
with rheumatoid arthritis (RA), 16 with degenerative spon-
dylosis including spondylolisthesis, kyphosis, and athetotic 
cerebral palsy, 6 with spinal tumors, 2 with congenital 
deformity, 2 with ossification of posterior longitudinal liga-
ment (OPLL), and 2 with fracture dislocation. Historical 
control group comprised 283 patients with 1065 CPSs.

Procedure

Equipment

All surgeries were performed using the hybrid operating 
room (OR), which is equipped with a 3D flat-panel C-arm 
system (INFX-8000H, Toshiba, Tokyo, Japan) and inte-
grated operating table (Maquet Magnus 1180, NJ, USA). 
The system can be used as a standard C-arm for acquiring 
two-dimensional (2D) high-resolution fluoroscopic images 
and can obtain 3D volumetric CT-like images by automatic 
rotation around the table.

Preoperative planning

Since an appropriate entry point of CPS is the key to create 
screw path, we preoperatively planned the entry point and 
trajectory of CPS using a 3D-visual guidance system for 
pedicle screw (3D-VG TIPS, Z-view Vega, Lexi, co. ltd, 
Tokyo, Japan) in each pedicle as previously reported [21]. 
Briefly, 3D-VG TIPS used preoperative CT data of the cer-
vical spine and anatomical axis of each pedicle analyzed 
by volume-rendered 3D models, as with existing navigation 
systems, and both the ideal entry point and trajectory of each 
PS were visualized on the surface of 3D-rendered images. 
This preoperative planning was useful to determine whether 
pedicle was available for CPS placement and to determine 
the length and diameter of CPS. Small pedicles with external 
diameter less than 3.5 mm did not allow CPS insertion.

Surgical technique

Concept and procedure of C-arm CBCT-guided CPS inser-
tion are shown in Figs. 1 and 2.

1.	 Determination of entry point.
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	   After exposing the posterior aspect of cervical spine, 
entry points of CPS were determined according to the 
3D-VG TIPS. Cephalocaudal positions of entry points 
were confirmed by lateral fluoroscopic imaging. Entry 
point was drilled using the high-speed diamond burr 
with a 3-mm head.

2.	 Creating pilot hole and intraoperative C-arm CBCT

	   Custom-made 10-mm-long cannulated titanium (Ti) 
marker screws with a diameter of 3 mm (Fig. 3) were 
inserted toward the pedicle under lateral fluoroscopy. 
The marker screw was long enough to reach close to the 
entrance of pedicle but not to breach the transverse fora-
men to avoid vertebral artery injury. The use of 10-mm 
length for the marker screw was validated by measuring 
the critical range of CPS path, which was defined as the 
region corresponding to the transverse foramen of C3, 
C4, C5, and C6 vertebrae in all patients. Critical range 
was defined as depth from the entry point (Supplemental 
Table 1).

	   The marker screw was also designed to work as a 
radiopaque pedicle marker for CT guidance. Intraopera-
tive 3D volumetric CT-like images were obtained, and 
the trajectory of the pilot hole visualized by the marker 
screw was three-dimensionally assessed by multiplanar 
images of CBCT.

3.	 Pedicle probing
	   The creation of pilot hole by the marker screw is based 

on the funnel technique [22], which makes it easier to 
find the cancellous channel of the pedicle. If the marker 
screw headed down the right path, we could insert the 
ball tip guidewire through the cannulated marker screw. 
If the marker screw headed in the wrong direction, it was 
removed, and the surgeon then inserted the curved pedi-
cle probe into the pilot hole. The direction of the pedicle 
probe was adjusted with its tip heading toward the cor-
rect direction based on the intraoperative CT-like images 

Entry point

Entry point

Fig. 1   Concept of the C-arm CBCT-guided CPS placement technique
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Fig. 2   Procedure of C-arm CBCT-guided CPS placement using 
custom-made marker screw. a Entry point was made using a high-
speed drill. b Insertion of the Ti marker screw using freehand tech-
nique with lateral fluoroscopy. c First intraoperative cone-beam CT 
to assess direction of pilot hole, which was visualized by the marker 
screw. d If the marker screw headed down the right path, the ball tip 
guidewire was inserted through the cannulated marker screw, and 

steps (e–g) were skipped, directly proceeding to step (h). e If the 
marker screw headed in the wrong direction, the marker screw was 
removed and f the curved pedicle probe was inserted by adjusting 
its trajectory with reference to the intraoperative CT-like images. g 
Insertion of the ball tip guidewire. h Tapping of the screw path using 
cannulated tap driver along the guidewire. f Insertion of CPS
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and penetrated the pedicle. When the images indicated 
the need to adjust the trajectory more medially and cau-
dally in the right-side pedicle, the surgeon adjusted the 
tip of the curved pedicle probe to a 7–8 o’clock direction 
and penetrated the pedicle using a pedicle probe.

4.	 Tapping the screw path and CPS placement
	   The ball-tipped guidewire was inserted into the 

hole, and the screw path was tapped by a cannulated 
tap driver. The ball-tipped guidewire was also used to 
ensure that pedicle wall was not violated. CPS was then 
inserted.

5.	 Confirmation of CPS position
	   The positions of CPS were confirmed by a second 

CBCT before completing the surgery.

Evaluation

Placement accuracy of CPS was evaluated by multiplanar 
CT-like images obtained in the 2nd CBCT during surgery 
and was classified into three grades: grade 0 (G-0): correct 
placement, grade 1 (G-1): malposition by less than half-
screw diameter, and grade 2 (G-2): malposition by more than 
half-screw diameter [2]. Screw malposition at each spinal 
level was also classified into four categories according to the 
direction of malposition; medial, lateral, superior, and infe-
rior. Malposition rates of CPSs were evaluated from C2 to 
C7 in different pathological conditions including rheumatoid 
arthritis, spondylosis, and miscellaneous. Malposition rates 
of CPSs by intraoperative cone-beam CT-guided placement 
were compared to those by freehand placement under lateral 
fluoroscopy using historical control data. P values less than 
0.05 were regarded as statistically significant.

Intraoperative and postoperative complications either 
related or unrelated to CPS placement were also evaluated 
retrospectively.

The total radiation dose during surgery and the preop-
erative CT angiography was also evaluated. The effective 
dose was calculated with tissue weighting factors from 

publication 103 of the International Commission on Radio-
logical Protection [20, 21].

Results

A total of 166 CPSs were inserted under intraoperative 
C-arm CBCT guidance in 48 patients with cervical disor-
ders. Overall malposition rate of CPSs by intraoperative 
C-arm CBCT-guided placement was 2.4% (4/166 CPSs), sig-
nificantly lower than the malposition rate by freehand tech-
nique under lateral fluoroscopic guidance (14.8%—historical 
control data) (Fig. 4). Of note is that 43.4% (72/166) of the 
CPSs required trajectory adjustment after 1st intraoperative 

Fig. 3   Custom-made titanium marker screw. a Appearance. b The 
marker screw was attached to the cannulated driver, in which the ball 
tip guide wire could pass through. c Cannulated tap driver with a 
diameter of 3.5 mm and ball tip guide wire

Total=166 CPSs
97.6% (162) G-0 correct placement
2.4% (4) G-1 malposition

Total=58 CPSs
93.5 % (58) correct placement
6.5 % (4) G-1 malposition

Total=199 CPSs
83.4 % (166) correct placement
10.6 % (21) G-1 malposition
6.0 % (12) G-2 malposition

Total=1065 CPSs
85.2% (907) G-0 correct placement
9.6% (102) G-1 malposition
5.3% (56) G-2 malposition

Total=51 CPSs
100 % (51) correct placement

Total=180 CPSs
73.3 % (132) correct placement
12.8 % (23) G-1 malposition
13.9 % (25) G-2 malposition
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Fig. 4   Comparison of the malposition ratio between C-arm CBCT-
guided placement technique and freehand technique under lateral 
fluoroscopic guidance (historical control data). Malposition ratios in 
patients with spondylosis, or rheumatoid arthritis and total malposi-
tion ratio are shown
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CBCT scan, which resulted in excellent accuracy of final 
CPS placement (Fig. 5).

Malposition of CPSs was identified in 4 screws in 4 
patients (1 screw in each patient) with degenerative spon-
dylolisthesis (Fig. 6). All 4 screws were judged noncriti-
cal G-1 (less than half-screw diameter) perforations by 2nd 
intraoperative CBCT and were left unchanged. The level of 
malpositioned CPSs was 3 for C4 and 1 for C6. No compli-
cations associated with G-1 screw malposition developed 
after surgery. There were no G-2 malpositioned CPSs.

With respect to pathological conditions, malposition of 
CPS occurred only in patients with degenerative spondylotic 
conditions (Table 1). Malposition ratio of CPSs in patients 
with spondylosis was 6.5% by intraoperative C-arm CBCT-
guided placement, which was significantly lower than the 
malposition ratio of 16.6% by freehand technique. The high-
est malposition ratio of 26.7% was reported in patients with 
RA by freehand placement under fluoroscopy, while all 51 
CPSs in 20 patients with RA were placed in the appropriate 
position by intraoperative C-arm CBCT-guided placement.

As to the direction of screw malposition, all 4 malpo-
sitioned CPSs were laterally placed. There was no screw 
placed inferiorly, superiorly, or medially.

Surgery-related complications were C5 nerve palsy in 
2 patients and lingual edema with airway obstruction in 1 
patient. The cause of lingual edema could not be identified 

but was estimated to be laceration by the bite block. There 
was no vertebral artery injury, hematoma, and postoperative 
infection in patients of this study.

C-arm CBCT was obtained twice in all 47 patients and 
three times in 1 patient to evaluate the position and direction 
of the marker screw before inserting CPS and to ensure that 
the position and direction of CPS after instrumentation were 
complete. The average radiation dose and estimated effec-
tive dose during surgery, including lateral fluoroscopy and 2 
times C-arm CBCT scans, were 103 ± 71.3 mGy/surgery and 
9.7 ± 6.5 mSv, respectively. To evaluate the vertebral artery 
as well as bone geometry, all patients underwent a preopera-
tive cervical CT angiography, resulting in a mean volumetric 
CT dose index (CTDIvol) of 82.4 ± 84.3 mGy and a mean 
dose-length product of 643.1 ± 738.1 mGy cm, which cor-
responds to an estimated effective dose of 3.8 ± 4.4 mSv. 
Collectively, for completion of the surgery, the total radia-
tion dose and estimated effective dose (per surgery) were 
177.0 ± 106.2 mGy and 14.7 ± 7.9 mSv, respectively.

Discussion

In the present study, we introduced a new intraoperative 
C-arm CBCT-guided CPS placement technique for safer 
and more reliable CPS placement. Since the information 
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Fig. 5   A 47-year-old man with pseudoarthrosis at C4-5 after ante-
rior discectomy and fusion underwent posterior foraminotomy and 
fusion with CPSs at C4-5. Axial images at C5 and C6 (a) and sagit-
tal images along the pedicle axis (b) of intraoperative C-arm CBCT 
scans are shown. On the CT-like images with the marker screws, 

which were obtained before inserting the pedicle prove, white dot-
ted lines indicate the trajectory of marker screws and white arrows 
indicate the course, which the surgeon corrected to insert the pedicle 
probe. CT-like images show that CPSs were placed appropriately in 
the cervical pedicles
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obtained from intraoperative CT-like images does not repre-
sent virtual reality but actual information, we can completely 
rely on its guidance. One specific feature of our technique 
is the use of a custom-made Ti marker screw, by which we 

could make the starting point of the pedicle probing close 
to the target (isthmus of pedicle) (Fig. 1) and visualize the 
positional relationship between the starting point (bottom 
of the pilot hole) and the target using intraoperative C-arm 
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Fig. 6   A 65-year-old woman with athetotic cerebral palsy developed 
cervical myelopathy caused by degenerative spondylolisthesis. She 
underwent combined anterior and posterior decompression and fusion 
using CPSs. Sagittal reconstruction CT-like images along right-side 
pedicles (a) left-side pedicles (b), and axial CT-like images at C3, 
C4, C6, and C7 are shown. Preoperative CT-like images show rota-
tional deformity, facet joint degeneration as well as hyperostosis of 
lateral mass, which made CPS placement difficult. On the CT-like 

images with the marker screws, white dotted lines indicate the trajec-
tory of marker screws and white arrows indicate the course, which the 
surgeon corrected to insert the pedicle probe. In this case, the marker 
screws on the right, headed in the right direction, while the marker 
screws on the left headed laterally away from the pedicle. Therefore, 
we inserted curved pedicle probe with its tip pointed inward and 
placed CPSs in the appropriate position. Left C4 CPSs were judged 
as G-1 malposition but remained unchanged
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CBCT multiplanar images. The 10-mm length of the Ti 
marker screw is also the key to this procedure. Based on our 
CT-based anatomical study and earlier studies [22, 23], the 
critical range on pedicle screw path is 10–18 mm deep from 
the entry point on lateral mass at C3–6 level (Supplemental 
Table 1). Therefore, the Ti marker screw with a length of 
10 mm enabled us to create a pilot hole avoiding vertebral 
artery injury. Since the bottom of pilot hole and the entry 
of pedicle are very close, it was convenient for us to place 
the pedicle probe in the pilot hole and penetrate the pedi-
cle by adjusting the direction of pedicle probe according to 
intraoperative CT-like images. Importantly, we should pay 
particular attention when inserting the pedicle probe for the 
first 6 mm from the entry point of the pedicle.

Custom-made ball tip guide wire and 3.5 mm cannulated 
tapping drill are also helpful for safer and more accurate 
CPS placement. Vertebral artery injury is more likely to 
occur during tapping the screw path especially when pulling 
back the tapping drill because medical wall of the pedicle 
is always thick and hard while lateral wall of the pedicle 
is thinner and easy to violate [24]. To avoid violation of 
pedicle during tapping the procedure, we believe that it is 
beneficial to use the guidewire.

The results of this study demonstrated that the C-arm 
CBCT-guided CPS placement can ensure its safety as well 
as provide a more reliable anchor for cervical spinal recon-
struction compared to conventional freehand CPS place-
ment under lateral fluoroscopy despite some potential bias 
in historical controls who underwent surgery at different 
periods of time. Although the technique could not achieve 
100% accuracy in CPS placement, the absence of any criti-
cal G-2 malposition encourages us to use this technique for 
cervical reconstruction surgery. Other recent techniques of 
CPS placement such as CT-based navigation system or 3D 
printing navigation template have successfully improved the 
accuracy of CPS placement [13–16, 18, 25, 26]. However, 
we should exert care when using navigation systems because 
virtual reality is not always accurate in cases with poor fixa-
tion of reference frame to cervical vertebra. 3D printing 
navigation template is also useful in finding the entry point 

as well as in creating a screw path, but soft tissues including 
cartilaginous and ligamentous tissue may interfere with fit-
ting the template to bone leading to errors in CPS trajectory. 
Given that a small error can lead to critical complications 
such as vertebral artery injury, it is reasonable to confirm the 
trajectory of CPS by intraoperative C-arm CBCT before pen-
etrating the pedicle. Additionally, our data showing that 43% 
of CPS required re-adjustment of the screw trajectory after 
examining the marker screw trajectory by 1st CBCT scan, 
emphasize the usefulness of intraoperative C-arm CBCT-
guided placement.

Our data also suggest that C-arm CBCT-guided CPS 
placement is particularly useful when treating patients 
with RA, in which poor bone quality jeopardizes other 
anchor solutions. An earlier study showed that among vari-
ous pathological conditions, RA was associated with the 
highest screw misplacement rate (26.7%) by the freehand 
technique [2], while there was no screw malposition in RA 
patients of this study when using the C-arm CBCT-guided 
placement technique. As reported previously, the high mis-
placement rate by freehand technique in RA may be derived 
from the difficulty in finding the entry points of CPSs due 
to destructive changes in the lateral mass of cervical spine 
and from unawareness of breaching the pedicle wall due to 
severe bone fragility. Therefore, a combination of CT-based 
preoperative planning of the entry point and intraoperative 
C-arm CBCT-guided placement technique seems reasonable 
for accurate placement of CPS in RA patients. However, it 
should be noted that even though CPS is inserted under the 
C-arm CBCT-guided placement technique, misplacement of 
CPS may occur in patients with degenerative spinal disor-
ders along with sclerotic changes on the ideal screw path. 
In such cases, it is difficult to sense the trabecular channel 
of the pedicle by probing. Even in such cases, intraoperative 
C-arm CBCT can inform us the direction we should dig the 
sclerotic pedicle to create the screw path.

C-arm CBCT-guided CPS placement has an advantage 
over freehand placement from the perspective of the learning 
curve. Intraoperative CT-like image guidance helps to com-
pensate for less experience with CPS placement. Yoshimoto 

Table 1   Number of CPSs 
at each spinal level in each 
pathological condition

Values in brackets indicate the number of malpositioned CPSs
a rheumatoid arthritis; bcongenital disorders; cossification of posterior longitudinal ligament; dspinal trauma

Spinal level RAa Spondylosis Tumor Cong.b OPLLc Traumad Total

C2 34 14 5 4 0 2 59 (0)
C3 3 8 2 2 0 0 15 (0)
C4 6 10 (3) 6 0 2 0 24 (3)
C5 4 12 9 0 4 2 31 (0)
C6 2 13 (1) 5 0 3 2 25 (1)
C7 2 5 3 0 2 0 12 (0)
Total 51 (0) 62 (4) 30 (0) 6 (0) 11 (0) 6 (0) 166 (4)
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et al. [27] reported that freehand CPS placement using lat-
eral fluoroscopy requires a learning curve of more than 
36 cases of experience. Therefore, it is recommended for 
surgeons with less experience to use any supportive tools 
available when inserting a CPS to avoid lethal complications 
during the learning period. The combination of intraopera-
tive CT-like images and marker screws provides immediate 
feedback regarding the trajectory to the surgeon and helps 
improve the insertion technique.

One disadvantage of using the C-arm CBCT-guided 
placement technique is increased radiation exposure com-
pared with conventional freehand CPS placement under 
lateral fluoroscopy. However, considering the severity of 
complications associated with CPS malposition, the use of 
intraoperative C-arm CBCT is justified if safety can be guar-
anteed. This study demonstrated that C-arm CBCT-guided 
placement not only decreased the risk for neurovascular 
injury but also reduced surgery-related complications lead-
ing to a lower probability of reoperation. Since reoperation 
raises both physiological and mental burden on patients as 
well as increases medical costs and prolongs hospital stays, 
it can be safely believed that benefits of using C-arm CBCT-
guided placement of CPS outweigh its disadvantages.

Of note is that CBCT, which is performed with a C-arm 
and flat-panel detector, can calculate and reconstruct CT-like 
images using a lower radiation dose compared with con-
ventional multidetector helical CT. In addition, the average 
radiation dose of 103 mGy and estimated effective dose 
of 9.7 ± 6.5 mSv during surgery, including CBCT and lat-
eral fluoroscopy twice, are considered acceptable for adult 
patients compared with the radiation doses of other spinal 
procedures. Kobayashi et al. reported an intraoperative radi-
ation dose in spinal scoliosis surgery using the O-arm® of 
401 mGy on average, and the radiation dose from the preop-
erative CT scan was 460 mGy on average [28]. Su et al. [29] 
reported that the total effective dose per O-arm®-assisted 
posterior spine surgery using the default protocol was 
12.79 mSv on average. Gebhard et al. [30] reported median 
radiation doses of 432 mGy in CT-based (3-D) navigation 
surgery, 664 mGy in C-arm-based (2-D fluoroscopy) com-
puter-assisted navigation surgery, and 152 mGy in Iso-C3D 
C-arm-based navigation surgery. Safee et al. [31] reported 
average radiation doses in minimally invasive transforaminal 
lumbar interbody fusion surgery using intraoperative CT-
based navigation of 62.0 mGy. In younger patients, however, 
we should consider using radiation dose reduction protocols 
for intraoperative C-arm CBCT. Based on data from recent 
studies, radiation doses of intraoperative C-arm CBCT can 
be reduced compared to the manufacturer settings without a 
negative impact on image quality with regard to information 
required for spine surgery in pediatric patients [29, 32, 33].

In conclusion, we introduced a new intraoperative C-arm 
CBCT-guided CPS placement technique, by which the 

trajectory of pilot hole can be visualized using a custom-
made Ti marker screw, and the trajectory of CPS can be 
adjusted before penetrating the critical range on CPS path. 
This novel technique enables intraoperative adjustment of 
the trajectory of the CPS as well as confirmation of the CPS 
path before penetrating the isthmus of the pedicle, resulting 
in accurate and safe CPS placement.
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