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Objective: Several studies have advocated for the higher accuracy of transpedicular screw 
placement under cone-beam computed tomography (CBCT) compared to conventional 
2-dimensional (2D) fluoroscopy. The superiority of navigation systems in perioperative and 
postoperative outcomes remains a topic of debate. This study aimed to compare operative 
time, screw placement time and accuracy, total radiation dose, perioperative and postopera-
tive outcomes in patients who underwent transpedicular screw fixation for degenerative lum-
bar spondylolisthesis (DLS) using intraoperative CBCT navigation versus 2D fluoroscopy.
Methods: A retrospective analysis was conducted on patients affected by single-level DLS 
who underwent posterior lumbar instrumentation with transpedicular screw fixation using 
surgical CBCT navigation (NV group) or 2D fluoroscopy-assisted freehand technique (FH 
group). Demographics, screw placement time and accuracy, operative time, total radiation 
dose, intraoperative blood loss, screw revision rate, complications, and length of stay (LOS) 
were assessed.
Results: The study included a total of 30 patients (NV group: n = 15; FH group: n = 15). 
The mean screw placement time, operative time, and LOS were significantly reduced in the 
NV group compared to the FH group (p < 0.05). The total radiation dose was significantly 
higher in the NV group (p < 0.0001). No significant difference was found in terms of blood 
loss and postoperative complications.
Conclusion: This study suggests that intraoperative CBCT-navigated single-level lumbar trans-
pedicular screw fixation is superior in terms of mean screw placement time, operative time, 
and LOS compared to 2D fluoroscopy, despite a higher intraoperative radiation exposure.

Keywords: Fusion, Navigation, Pedicle screw, Minimally invasive spine surgery, Robotic 
spine surgery, Spondylolisthesis

INTRODUCTION

Recent studies have demonstrated a remarkable surge in the 
prevalence of lumbar fusion surgery (LFS) worldwide in the 

last 2 decades, as a result of the implementation of innovative 
surgical implants and advanced technologies in the field of 
spine surgery. According to recent estimates, the volume of 
elective LSFs in the United States increased by 62.3% from 2004 
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to 2015, exceeding aggregate annual hospital costs of $10 bil-
lion.1 A parallel trend was observed in the United Kingdom, 
where the number of LFS procedures grew by 62% across the 
same decade.2

Lumbar spinal fusion is primarily performed to address vari-
ous conditions such as spondylolisthesis, scoliosis, lumbar ste-
nosis, trauma, as well as oncological and infectious disorders.3-5 
The most prevalent fixation strategy for achieving stability in 
spinal segments and facilitating solid fusion is the placement of 
transpedicular screws. This approach is particularly indicated 
in cases of degenerative lumbar spondylolisthesis (DLS) when 
conservative treatments fails or when patients exhibit worsen-
ing neurological deficits.6 Traditionally, pedicle screws are man-
ually inserted along a trajectory based on anatomic landmarks 
with the aid of fluoroscopy. However, despite its established use, 
this procedure is not without complications, including pedicle 
breach, facet violation, and neurovascular damage.7 Given the 
substantial increase in LFS procedures, there is a growing de-
mand for innovative technologies that can enhance surgical out-
comes while minimizing perioperative complications.8

Recently, cone-beam computed tomography (CBCT) naviga-
tion and robot-assisted pedicle screw fixation have been report-
ed to significantly improve screw placement accuracy, especially 
in cases with complex deformities, while being minimally inva-
sive and reducing radiation exposure for the surgeon.9 Never-
theless, other studies have also outlined the high costs associat-
ed with these technologies, as well as the steep learning curve 
and increased operative time due to software setup and issues, 
raising questions about the overall cost-benefit ratio of these 
systems.10

The primary aim of this study was to compare operative and 
screw placement time, total radiation dose, and hospitalization 
time in patients who underwent posterior lumbar instrumenta-
tion with transpedicular screw fixation for single-level DLS us-
ing intraoperative CBCT navigation compared to 2-dimen-
sional (2D) fluoroscopy. Moreover, screw accuracy, screw revi-
sion rate, and postoperative outcomes were assessed for the 2 
techniques.

MATERIALS AND METHODS

The study was conducted in accordance with the Declaration 
of Helsinki and approved by the Ethics Committee of Fondazi-
one Policlinico Universitario Campus Bio-Medico. Informed 
consent was collected from all study subjects upon enrolment.

1. Study Design and Population
A single-center retrospective study was carried out at the De-

partment of Orthopaedic and Trauma Surgery of Fondazione 
Policlinico Universitario Campus Bio-Medico (Rome, Italy). 
Nonconsecutive, adult patients with single-level DLS (grades 1 
or 2) and neurogenic claudication refractory to conservative 
treatment for ≥ 6 months who underwent transpedicular screw 
fixation between L3 and S1 from December 2020 to January 
2022 with a follow-up of at least 2 years were included. Patients 
with a history of previous surgery, grade ≥ 3 DLS or spinal in-
stability due to trauma, tumors, and infections were excluded. 
Patients were divided into 2 groups depending on the pedicle 
screw placement surgical technique. In patients operated before 
mid-2021 (freehand [FH] group), screws were placed with an 
open technique assisted by 2D fluoroscopy. In patients operated 
after mid-2021 (navigation [NV] group), screws were positioned 
percutaneously using 3-dimensional (3D) navigation through 
intraoperative CBCT imaging. Data were extrapolated from a 
prospectively maintained database, extracting continuous and 
discrete variables related to patients’ demographics, preopera-
tive diagnosis, surgical approach, and outcomes.

2. Surgical Techniques
Under general anesthesia, the patient was positioned prone 

on the operating table supported by a Wilson frame with hips 
and knees slightly flexed to further increase interlaminar space 
and reduce nerve root tension, respectively.

In the FH group, a midline posterior approach to the lumbar 
spine was performed and the spinous and transverse processes, 
vertebral laminae and facet joints were carefully exposed. Pedi-
cle screws (Reline MAS, Nuvasive, San Diego, CA, USA) were 
implanted using fluoroscopic anterior-posterior and lateral views 
to identify the pedicle under neuromonitoring (NVM5 Nerve 
Monitoring System, Nuvasive). Following placement, fluoros-
copy was performed to confirm the correct positioning of the 
screws. When necessary, a subsequent decompression of the 
spinal canal was performed, and posterior lumbar interbody 
fusion was carried out with polyetheretherketone or titanium 
cages (Nuvasive). Eventually, screws were connected to appro-
priately sized titanium rods and tightened, and a final fluoro-
scopic assessment of the implant was performed.

In the NV group, the navigation reference frame was percu-
taneously secured to the posterior iliac crest and an intraopera-
tive CBCT scan was performed using Loop-X (Brainlab, Mu-
nich, Germany). After image acquisition, pedicle screw length, 
diameter, and 3D orientation were planned using the Brainlab 
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Elements Spine Planning software. Under real-time 3D naviga-
tion (Curve, Brainlab) and neuromonitoring (NVM5 Nerve 
Monitoring System, Nuvasive), K-wires were percutaneously in-
serted into along the planned transpedicular trajectory using a 
drill guide, then cannulated screws were implanted. Subsequent-
ly, a second CBCT scan was performed to ensure accurate screw 
placement. When necessary, decompression was performed via 
a small midline incision as detailed above. Percutaneous screws 
were connected to 2 titanium rods and a final 2D fluoroscopic 
assessment of the implant was performed.

Before closing the fascia, a surgical drain was placed in all 
cases. On postoperative day one, the drain was removed, and 
patients were allowed to ambulate while wearing a lumbar brace 
with the assistance of the healthcare personnel. Patients were 
discharged in stable conditions, afebrile, and without postoper-
ative complications. Clinical and radiological reassessment was 
scheduled 1 at month after surgery.

3. Outcomes
The primary outcome of this study was to evaluate the mean 

time of screw placement and mean operative time between the 
2 groups. Total radiation dose during surgery, intraoperative 
blood loss, screw placement accuracy, length of stay (LOS), and 
complications were secondary outcomes. Operative time was 
calculated as the time elapsed between skin incision and skin 
closure. The screw placement time and radiation exposure were 
calculated differently in the 2 groups.

In the FH group, the mean screw placement time was consid-
ered as the time between the first fluoroscopic image captured to 
assess pedicle location, and the final fluoroscopic image ac-
quired to confirm the accurate position of screws, divided by 
the total number of implanted screws. The radiation dose was 
calculated by summing the dose of each fluoroscopic image 
taken throughout the surgical procedure.

In the NV group, the mean screw placement time was calcu-
lated as the time between the first CBCT scan acquired for nav-
igation and the last CBCT scan acquired to assess the correct 
position of the implants, divided by the total number of implant-
ed screws. The total radiation dose was calculated by summing 
all CBCT and fluoroscopic scans performed during the surgery. 
Screw placement accuracy was evaluated according to the 
Gertzbein-Robbins scale (GRS)11 in the NV group and follow-
ing the method reported my Kim et al.12 on posteroanterior and 
lateral radiographs in the FH group.

4. Statistical Analysis
Continuous data were expressed as mean± standard deviation. 

The normality of data distribution was assessed with Shapiro-
Wilk test. The independent-sample Student t-test and Mann-
Whitney U-test were performed to compare investigated con-
tinuous variables between groups. Categorical variables were 
compared using the chi-square test. Statistical significance was 
set as p < 0.05. Formal analysis was performed using Prism 9 
(GraphPad Software Inc., La Jolla, CA, USA).

RESULTS

A total of 30 patients (17 males and 13 females) affected by 
single-level DLS were included in the study. Of these, 15 were 
enrolled in the NV group and 15 in the FH group, for a total of 
120 screws. The mean age of the patients was 59.4± 14.8 years 
in the NV group and 57.3± 16.3 years in the FH group. In the 
FH group, 3 patients underwent screw fixation at L3–4, 10 pa-
tients at L4–5 and 2 patients at L5–S1. In the NV group, 2 pa-
tients underwent screw fixation at L3–4, 11 patients at L4–5 and 
2 patients at L5–S1. All demographic data are depicted in Table 
1. The mean screw placement time was 8.2± 1.6 minutes in the 
NV group compared to 17.2± 5.6 minutes in the FV group (p<  
0.0001) (Fig. 1). Likewise, the operative time was significantly 
lower in the NV group (123.0± 16.0 minutes) compared to the 
FH group (179.5± 24.0 minutes, p< 0.0001) (Fig. 2). However, 
total radiation exposure was significantly higher in the NV 
group (1,228.9 ± 412.8 mGy/cm2) when compared to the FH 
cohort (330.9± 95.7 mGy/cm2, p< 0.0001) (Fig. 3). No signifi-
cant intergroup differences were found in terms of intraopera-
tive blood loss (158.8 ± 54.9 mL in the NV group vs. 181.4 ±  
50.6 mL in the FH group). On the other hand, LOS was signifi-
cantly reduced in the NV group (4.0 ± 1.6 days) compared to 
the  FH group (6.0± 1.2 days) (p< 0.05) (Fig. 4). These results 
are summarized in Table 2. All screws in the NV group were 

Table 1. Demographic characteristics of included patients

Characteristic NV group 
(n = 15)

FH group 
(n = 15) p-value

Sex, male:female 8:7 9:6 > 0.999

Age (yr), mean ± SD 59.4 ± 14.8 57.3 ± 16.3 0.700

No. of screws 60 60 > 0.999

Levels (n) L3–4: 2
L4–5: 11
L5–S1: 2

L3–4: 3
L4–5: 10
L5–S1: 2

0.900

NV, navigation; FH, freehand; SD, standard deviation.
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successfully placed percutaneously, without the need to convert 
to open surgery in any case. One screw was intraoperatively re-
vised in the FH group; no screws were revised in the NV group 

(p=0.500). According to the GRS, 50 screws (83.3%) in the NV 
group were grade A and the remaining were grade B (10, 
16.7%), hence all considered clinically acceptable (grades A+B). 
In the FH group, 3 screws (5%) violated the lateral pedicle, 
while the majority were appropriately positioned. No postoper-
ative revision was performed for any screw in either group. At 2 
years postoperatively, no surgical site infection nor reoperation 
were reported. One patient in the FH group developed adjacent 
segment disease and was treated conservatively.

DISCUSSION

Modern technologies have significantly contributed to im-
proving spine care in the last 20 years, making LFS a common 
and feasible procedure. Transpedicular screw fixation has been 
widely implemented to achieve a solid spinal fusion. During the 
last decade, the number of patients requiring LFS has been in-
creasing, especially among the elderly.1 Indeed, aging of the 

Table 2. Perioperative and postoperative outcomes

Variable NV group 
(n = 15)

FH group 
(n = 15) p-value

Screw placement time (min) 8.2 ± 1.6 17.2 ± 5.6 < 0.001

Operative time (min) 123.0 ± 16.0 179.5 ± 24.0 < 0.001

Total radiation dose (mGy/cm2) 1,228.9 ± 412.8 330.9 ± 95.7 < 0.001

Intraoperative blood loss (mL) 158.8 ± 54.9 181.4 ± 50.6 0.170

Length of hospital stay (day) 4.0 ± 1.6 6.0 ± 1.2 < 0.001

Intraoperative screw revision (n) 0 1 0.500

Postoperative screw revision (n) 0 0 > 0.999

Values are presented as mean ± standard deviation.
NV, navigation; FH, fluoroscopy.
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Fig. 1. Mean screw placement time between NV and FH 
groups. NV, navigation; FH, fluoroscopy. ****p < 0.0001, 
Mann-Whitney U-test.
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Fig. 3. Total radiation dose between NV and FH groups. NV, 
navigation; FH, fluoroscopy. ****p < 0.0001, Student t-test.
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Fig. 4. Length of stay between NV and FH groups. NV, navi-
gation; FH, fluoroscopy. ****p < 0.0001, Mann-Whitney U-
test.
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Fig. 2. Mean operative time between NV and FH groups. NV, 
navigation; FH, fluoroscopy. ****p < 0.0001, Student t-test.
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general population has contributed to the rise of degenerative 
spine disorders needing surgical treatment, such as DLS and 
lumbar stenosis.3 In this context, technological advancements 
have fostered the development of novel strategies in spine fu-
sion surgery, aiming to enhance precision while minimizing in-
vasiveness. Minimally invasive spine surgery has been the focus 
of extensive clinical and scientific investigations over the last 
decade, with the aim to reduce tissue trauma and preserve neu-
rovascular structures. Access to deep structures of the spine has 
been made easier, with the possibility to visualize the spine 
through CBCT images via 3D navigation, rendering surgical 
procedures more feasible and, more importantly, safer for the pa-
tients.8 However, the advantages of CBCT navigation over con-
ventional 2D-guided screw placement still need to be defini-
tively confirmed.

The aim of this study was to compare the results of percuta-
neous transpedicular screw fixation using intraoperative 3D 
CBCT navigation vs. freehand open screw placement with 2D 
fluoroscopy in patients affected by single-level DLS. Our results 
showed that CBCT navigation provided significant improve-
ments in screw placement time, operative time, and LOS com-
pared to the conventional 2D fluoroscopic technique. These re-
sults can be easily explained by the fact that intraoperative navi-
gation facilitates the surgical workflow by allowing for pre-im-
plantation planning and defining the correct entry point and 
optimal screw trajectory. Moreover, screw malposition is less 
common, thus reducing the time needed for reimplantation.

Nevertheless, no substantial differences between navigated 
and conventional techniques have been reported in the recent 
literature.13,14 A meta-analysis performed by Sun et al.15 demon-
strated significantly shorter operative times in the FH group, 
suggesting that intraoperative navigation might lengthen surgi-
cal procedures due to increased scanning time and screw plan-
ning. These results are in contrast with our data. While the set-
up time is usually longer for navigated procedures, optimiza-
tion of the surgical workflow and involvement of a specialized 
multidisciplinary spine team, including surgeons, nurses, and 
radiologic technologists, may significantly minimize downtimes. 
Moreover, when using intraoperative CBCT navigation, the sur-
geon is ready to navigate right after image acquisition. The lon-
ger time required by software setup and CBCT acquisition is 
frequently counterbalanced by more efficient pedicle screw 
placement, making total operative time shorter than in conven-
tional FH techniques as shown in the current study.

However, patient radiation exposure was significantly increased 
in the NV group in our study, although the surgical team was 

not exposed. Indeed, the surgical personnel exited from the op-
erating room during CBCT acquisition, thus significantly abat-
ing the radiation dose absorbed by the scrubbed team.16 This is 
crucial since it has been reported that spine surgeons may have 
up to a 13% greater risk of cancer due to intraoperative radia-
tion exposure.17 On the other hand, the greater patient radia-
tion exposure during CBCT navigation compared to FH tech-
niques cannot be adjusted but can be justified by a higher screw 
placement accuracy, which may reduce the risk of postopera-
tive complications and overall morbidity.18

Length of hospitalization was significantly reduced in the NV 
group compared to the FH group in our study. This is in line 
with Bovonratwet et al.,19 who showed a significantly shorter 
mean LOS in the navigated group compared to conventional 
single-level instrumented posterior lumbar fusion. This finding 
may be associated with the minimally invasive nature of navi-
gated techniques, which are performed percutaneously, thus 
making surgical incisions smaller, reducing surgical exposure, 
and consequently minimizing intraoperative blood loss, as also 
shown by Wang et al.20 Diminished blood loss and postopera-
tive pain may result in lower rates of transfusion and complica-
tions, thus reducing the need for critical care and allowing for 
an early patient discharge.21

Nonetheless, intraoperative navigation is also a valuable edu-
cational tool. Indeed, real-time exploration of the spine anato-
my, planning pedicle screw trajectory and entry point, and as-
sisting screw placement can provide the surgeon-in-training 
with immediate feedback on surgical gestures.9

Despite all the abovementioned advantages, spine navigation 
is limited by the significant costs of the acquisition and mainte-
nance of intraoperative imaging systems, navigation suites, and 
associated software. However, the overall increased accuracy 
results in shorter hospitalization times and lower revision rates 
compared to conventional FH approaches, thus possibly result-
ing in higher cost-effectiveness justifying the implementation 
of this technology.22

This study has some limitations. First, the retrospective and 
single-center nature of the study, as well as the small sample 
size, inherently limit the reliability of our outcomes. Second, 
considering that the FH group did not routinely undergo post-
operative CBCT at our institution, the 2 different systems uti-
lized to assess screw placement accuracy in the NV and FH 
groups did not allow for a proper comparison and might thus 
introduce bias. Future multicentric and prospective studies are 
required to ultimately define the advantages of pedicle screw 
placement with the aid of intraoperative 3D navigation over 
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conventional 2D FH techniques.

CONCLUSION

This study suggests that pedicle screw fixation under intra-
operative CBCT navigation is superior in terms screw place-
ment time, total operative time, and LOS compared to 2D fluo-
roscopy in single-level DLS, although exposing patients to a 
higher radiation dose.
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