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ABSTRACT
We aimed to verify the reproducibility of the results obtained from previous systematic reviews and meta-analyses, focusing specifically
on methodological and technical aspects, such as navigation method, screw insertion technique and spinal region involved to provide
a more homogenous analysis. The PubMed database was searched using three terms: “stereotaxic techniques”, “neuronavigation”,
and “image-guided surgery,” each associated with other two terms, “pedicle” and “screw”. Data were transferred to Comprehensive
Meta-Analysis software, v.3, for statistical analysis. The significance of the pooled odds ratio was determined by the Z test, along with
95% confidence intervals. A funnel plot was used to assess publication bias. The statistical significance was defined as p ≤ 0.05. The
meta-analysis yielded an overall odds ratio of 2.9 favouring navigation. The average correct positioning of the screws was 91.8% for
navigation, while 82.2% of screws were deemed appropriate in fluoroscopy. The odds ratio obtained for the thoracic and lumbar spines
separately was 3.1 and 2.7, respectively. Among the fluoroscopy guided surgeries, 53 complications occurred, whereas only eleven
complications were observed among those guided by neuronavigation. This meta-analysis suggests that compared with conventional
fluoroscopy technique, neuronavigation allows for more accurate pedicle screw placement.
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RESUMO
Os objetivos deste estudo foram comparar a precisão do posicionamento de parafusos pediculares na coluna vertebral entre as
técnicas de neuronavegação e fluoroscopia e verificar a reprodutibilidade de resultados obtidos em meta-análises anteriores, com foco
em aspectos técnicos e metodológicos. A revisão de literatura foi realizada na base de dados PubMed usando três termos: “Stereotaxic
Techniques”, “Neuronavigation” e “Image-Guided Surgery”, cada um associado a outros dois termos, “Pedicle” e “Screw”. Cada
artigo foi analisado com base em seu título, resumo e texto completo. Os dados foram transferidos para o software “Comprehensive
Meta Analysis”, v.3, para análise estatística. A significância do odds ratio combinado foi determinada pelo teste Z, juntamente
com os intervalos de confiança de 95%. Um funnel plot foi utilizado para avaliar viés de publicação. A significância estatística foi
definida como p ≤ 0,05. A meta-análise resultou em odds ratio de 2,9 favorecendo a navegação. A média de posicionamento correto
dos parafusos foi de 91,8% para a navegação e de 82,2% para a fluoroscopia. O odds ratio obtido para as colunas torácica e lombar,
isoladamente, foi de 3,1 e 2,7, respectivamente. Entre as cirurgias guiadas por fluoroscopia, ocorreram 53 complicações, enquanto
apenas 11 complicações foram observadas com a neuronavegação. Esta meta-análise sugere que, em comparação com a técnica
convencional de fluoroscopia, a neuronavegação oferece maior precisão no posicionamento de parafusos pediculares.
Palavras-chave: Neuronavegação; Fluoroscopia; Artrodese; Coluna Vertebral.

Introduction
Traditionally, spinal fusion surgery has been guided by the
surgeon’s knowledge of vertebral anatomy aided by fluoroscopic
intraoperative imaging. However, this technique has a large
margin of error; documented rates of misplaced pedicle screws
vary from 15% to 72% 1. Due to the proximity to noble structures

(nerve roots, the spinal cord and its vascular components), spinal
screw misplacement may lead to temporary paresthesia or even
permanent motor nerve damage. Recent innovations in image
processing have enabled the development of new techniques
that aim to reduce the risk of spinal screw misplacement. One
of these techniques is neuronavigation. Since its introduction,
neuronavigation has been associated with increased precision,

MB, Pontifícia Universidade Católica do Paraná, Medicine School, Curitiba, Paraná.
MSc, Pontifícia Universidade Católica do Paraná, Post-Graduation Program in Health Technology, Curitiba, Paraná
3
MD, PhD, Neurosurgeon, Hospital Santa Cruz, Curitiba, Paraná
1
2

Received Jun 29, 2017, Corrected Jul 3, 2017, Accepted Oct 10, 2017.

Tacla RR, Guedes MH, Oliveira LM, Aguiar LR. - Spinal Pedicle Screw Insertion. A Meta-analysis Comparing
Fluoroscopy Versus Neuronavigation.

J Bras Neurocirurg 27 (4): 307 - 312, 2016

308
Original

shorter surgery time, less exposure to ionizing radiation, and
fewer intraoperative and postoperative complications. Despite
these positive results, more evidence is needed to determine
whether neuronavigation is indeed superior to the traditional
fluoroscopy-based technique.
With this in mind, the objective of the present meta-analysis was
to compare spinal screw placement precision in studies that used
neuronavigation versus fluoroscopy. Furthermore, we aimed to
verify the reproducibility of the results obtained from previous
systematic reviews and meta-analyses 1-5, focusing specifically
on methodological and technical aspects, such as navigation
method, screw insertion technique and spinal region involved.

Materials and Methods
Literature review was conducted between April 20th and
August 25th, 2015, using the PubMed/MEDLINE database.
The selected terms for the search were “stereotaxic techniques”,
“neuronavigation” and “image-guided surgery”, and each was
associated with the terms “pedicle” and “screw”. The results
were then filtered to only contain articles published since
January 2000.
The eligibility criteria included purely comparative studies
of the surgical techniques in question — randomized clinical
trials, retrospective and prospective cohort studies and case
control studies — that clearly described each of the techniques.
We included studies in English, German, French, Portuguese,
Italian, and Spanish. The following were not included:
cadaver studies (in vitro simulation), non-comparative studies,
studies addressing only the cervical spine, anterior surgical
approaches, minimally invasive procedures, studies in pediatric
populations, and more advanced navigation technologies such
as the O-arm. We believe that by selecting more homogenous
navigation techniques bias could be reduced.
Two of the authors independently reviewed the title, abstract
and full text of each selected article to determine whether it met
the inclusion criteria. Whenever the authors disagreed, a third
author intervened to reach an agreement. The quality of each
study was independently assessed based on the Effective Public
Health Practice Project (EPHPP) Quality Assessment Tool for
Quantitative Studies and classified into three categories: weak,
moderate and strong (Table 1).
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To extract the data, a 13-item form was created including
the following information from each article: authors, year of
publication, study design, navigation modality, total number
of patients, number of patients undergoing each surgical
technique, total number of implanted screws, number of
implanted screws using each technique, spinal region, number
of correctly placed screws using each technique, number of
misplaced screws using each technique, surgical complications
for each technique and method used to assess pedicle screw
placement.
Pedicle screw placement was analyzed using a dichotomous
variable. In all selected articles, screw position was assessed
with imaging immediately following the surgery or during the
postoperative period. Pedicle breach and consequent screw
misplacement were defined as any degree of violation of
the pedicle cortex that could be visualized with radiological
imaging. All placement-related data refer to screws implanted
in the thoracic and lumbar spines; as mentioned above, cervical
implant cases were excluded since the navigation technique is
different and most cases are assessed by an anterior approach.
Data extracted for the meta-analysis were processed and
analyzed using the Comprehensive Meta Analysis Software
(Version 3), which generated the forest plots (Figures 2-4). Data
referring to the accuracy of each method were dichotomized.
The significance of the pooled odds ratio was determined
by the Z-test, along with 95% confidence intervals. A funnel
plot was used to assess publication bias. Heterogeneity was
assessed by the I2 value. Finally, statistical significance was
defined as p ≤ 0.05.

Results
Of the 582 articles identified, 11 initially met our inclusion
criteria (Figure 1). These were included in the statistical
analysis and comprised two randomized clinical trials, one
controlled clinical trial and nine case control studies.
The articles included data on thoracic and lumbar spines, and in
some cases extended to the first sacral vertebra (S1). The main
indications for surgery included spondylolisthesis, scoliosis,
traumatic fractures, metastases, and spinal canal stenosis. The
total of 9,424 screws was assessed (Table 1).
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Of the 9,424 screws inserted (4,672 for neuronavigation and
4,752 for fluoroscopy), 19.1% were misplaced: 36.7% of these
were placed using the neuronavigation technique, and 63.2%
using fluoroscopy. Among articles that used fluoroscopy, there
was an average of 17.8% misplaced screws (range: 5.2% to
37.1%; Table 2), and among the neuronavigation articles, this
rate was 8.2% (range: 1.2% to 21%; Table 3). Meanwhile,
correct screw placement occurred approximately 82.2% of the
time (range: 62.9% to 94.8%) with fluoroscopy and 91.8% of the
time (range: 79% to 98.8%) with neuronavigation.

Records identified through
database searching
(n=582)

Records after duplicates
removed
(n=460)

Selection based on the title of
each article
(n=460)

- Studies addressing only the cervical spine
- Studies using an anterior surgical approach
- Studies using minimally invasive surgical
procedures, such as percutaneous techniques
- Studies using technologies other tham
fluoroscopy and neuronavigation

Analysis of the abstract of
selected articles
(n=53)

Author

N of Pedicle Screws

N of Pedicle
Breaches

Percentage

Amiot et al.

544

81

14.89%

Arand et al.

86

16

18.60%

Han et al.

84

14

16.67%

- Full text available only in Chinese

Kotani et al.

81

9

11.11%

- Different insertion techniques

Kraus et al.

1069

150

14.03%

- Meta-analysis and systematic reviews
(n=14)

Laine et al.

277

37

13.36%

Merloz et al.

138

18

13.04%

Rajasekaran et al.

236

54

22.88%

Seller et al.

24

7

29.17%

Tormenti et al.

211

11

5.21%

Waschke et al.

2002

742

37.06%

- Studies using an anterior surgical approach
- Studies using minimally invasive surgical
procedures, such as percutaneous techniques
- Study comparing radiation exposure
instead of pleacement of pedicle screw
- Study type not compatible (n=28)

Articles selected for full text
reading (n=25)

Studies included in
meta-analysis (n=11)

Figure 1. Search strategy for conducting the meta-analysis.
Table 1. Summary of selected articles.
Author

Year

Study

Sample

Type

Size

Spine Region

(Screws)
Amiot et al.

2000

Case

Assessment

Quality

of Screw

Assessment

Placement

838

Thoracolumbosacral

MRI

Weak

158

Thoracolumbar

CT

Weak

Control
Arand et al.

2001

Case
Control

Han et al.

2010

RCT

176

Thoracic

CT

Weak

Kotani et al.

2007

Case

138

Thoracolumbar

CT

Weak

Kraus et al.

2014

2003

Thoracolumbar

CT

Weak

Control
Case
Control
Laine et al.

2000

RCT

496

Thoracic

CT

Moderate

Merloz et al

2007

Case

278

Thoracolumbar

CT

Weak

Control
Rajasekaran

2007

RCT

478

Thoracic

CT

Weak

et al.
Seller et al.

2005

Tormenti et

2010

Case

60

Lumbar

CT and MRI

Moderate

375

Thoracolumbosacral

CT

Weak

4424

Thoracolumbosacral

CT

Weak

Control

al.
Waschke et
al.

Case

Table 2. Percentage of pedicle breach using fluoroscopy in each article.

- Non-comparative studies (n=407)

Table 3. Percentage of pedicle breach using neuronavigation in each article.
Author

N of Pedicle Screws

No of Pedicle
Breaches

Percentage

Amiot et al.

294

16

5.44%

Arand et al.

72

14

19.44%
4.35%

Han et al.

92

4

Kotani et al.

57

1

1.75%

Kraus et al.

934

196

20.99%

Laine et al.

219

10

4.57%

Merloz et al.

140

7

5.00%

Rajasekaran et al.

242

5

2.07%

Seller et al.

36

3

8.33%

Tormenti et al.

164

2

1.22%

Waschke et al.

2422

405

16.72%

Control
2013

Case
Control
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The overall odds ratio for pedicle perforation was 2.9 (p <
0.001). The I2 value obtained was 16.18 (Figure 2).

Figure 2. Forest plot of the odds of pedicle screw perforation, stratified by authors.

Finally, the odds ratio obtained for the thoracic and lumbar
spines separately was 3.1 and 2.7, respectively (Figures 3 and 4).

A total of 64 complications were described: 53 in surgeries
using fluoroscopy and 11 using neuronavigation. Fluoroscopyassociated complications comprised mainly nerve root injuries
and reoperations (20 due to neurological deficits and 5 due
to mechanical failure). While most complications observed
with the neuronavigation technique were also nerve root
injuries, only two required reoperation. One study reported six
complications (including 2 nerve root injuries, 1 case of severe
intraoperative bleeding, 1 death due to sepsis, 1 end-plate
fracture and 1 deep infection). Five of these complications,
including the nerve root injuries, occurred during surgeries that
used fluoroscopic guidance. According to the authors, these
complications were not related to pedicle screw insertion 6.
Further, we used a funnel plot to identify publication bias (Figure
5). We can infer from the plot that larger studies predominated
in our sample, as they are clustered mainly at the top of the
graph. It is likely that there was some degree of publication
bias, as the plot is asymmetric, with a gap in the bottom lefthand corner. This is probably because smaller studies without
statistically significant effects remain unpublished, which can
lead to an overestimation of the intervention effect.

Figure 3. Forest plot of the odds ratio of pedicle screw perforation in the thoracic
spine.

Figure 5. Funnel plot: log odds ratio by standard error.

Figure 4. Forest plot of the odds ratio of pedicle screw perforation in the lumbar spine.
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Discussion
Although several systematic reviews and meta-analyses
comparing fluoroscopy with neuronavigation have been
published 1-5, the current meta-analysis is different in that it
included a more methodologically homogeneous sample. In
fact, few meta-analyses concerning pedicle screw placement
control for study quality and methodological variations. In the
current analysis, two articles were excluded because we judged
the studies to be unacceptably divergent 7, 8. When we removed
the most divergent articles from our funnel plot, the I2 value
dropped from 94.23 to 16.18. Also, differently from other previous
meta-analyses and systematic reviews 2,3,5, we excluded studies
that used the Roy-Camille pedicle screw insertion technique
(laterally oriented insertion, as opposed to the classic medially
oriented technique). Again, this was to keep the group of studies
methodologically homogeneous, as we believe that comparing
different insertion techniques could lead to bias.
Considering the wide range of classifications used to assess
correct pedicle screw placement, in this study we opted
for dichotomy: screws were deemed adequate when totally
inserted into the pedicle, and inadequate when presenting any
degree of perforation. Some authors2 believe that dichotomy
may lead to publication bias, since most perforations that
occur both during neuronavigation and fluoroscopy are ≤ 2mm
and rarely symptomatic. However, the gold standard in spinal
fusion surgery is lack of any degree of perforation, and since
this study’s main goal was to compare accuracy between the
two techniques, we believe our choice for dichotomy is valid.
Our main interest was whether the improved accuracy obtained
with neuronavigation translates into better clinical outcomes.
Unlike our own analysis, a meta-analysis of 23 studies from
2010 reported no statistically significant differences between
clinical outcomes for the two techniques 5. Perhaps one
explanation for the discrepancy between those and our own
results is that associating symptoms or complications with screw
misplacement can be quite challenging 1, 2. Thus, symptoms may
not have been appropriately attributed to the technique used.
In the current analysis, fluoroscopy was always associated with
a greater risk of perforation than neuronavigation (average
odds ratio: 2.9, p < 0.001, for both thoracic and lumbar spine
surgeries; Figures 2-4).
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Since most of the perforations observed with fluoroscopy are
≤ 2mm and do not manifest clinically, some question the value
of routinely using neuronavigation, especially in surgeries that
are not particularly challenging2. Shin et al., in 2012, surveyed
3348 spine surgeons and found that only 10% routinely use
neuronavigation for screw implantation. In addition, while
many believe that neuronavigation is particularly useful for
less-experienced surgeons, the reality is that most surgeons
who use this technique perform a significant number of surgeries per
day at busy medical centers. Among the reasons cited for not using
neuronavigation are the lack of equipment and training, and the belief
that surgery time will increase2. Other reasons cited include excessive
preoperative planning and an alleged learning curve4.
Regarding operating time, results are contradictory: while some
authors reported longer surgery and screw insertion time with
neuronavigation relative to fluoroscopy6,7,9, others observed a
shorter average screw insertion time with neuronavigation 8,10.
For example, according to Laine et al., the mean operating
time for fluoroscopy was 160 ± 73 min against 179 ± 74 for
navigation, and the average insertion time per screw was 5.1
min for fluoroscopy and 7.5 min for navigation6. Clearly,
although significant, this relatively small difference should
not matter if it translates into better accuracy. In contrast,
Rajasekaran et al. and Han et al. found average screw insertion
times of 2.37 ± 0.72 min and 2.54 ± 0.63 min, respectively,
for neuronavigation, versus 4.61 ± 1.05 min and 4.56 ± 1.03
min, respectively, for fluoroscopy8,10. Finally, the only study
to address inpatient treatment found no significant differences
between the two techniques (15.8 ±9.2 days for conventional
cases vs. 16.0±9.7 days for navigated cases) 7.
As mentioned above, preoperative planning and/or
intraoperative registration have been deemed more timeconsuming in neuronavigation11,12. However, our group
has observed that the time for both of those activities tends
to shorten as the surgeon becomes more experienced with
navigation. In line with this observation, Kotani et al. reported
a 10-minute reduction in operating time once the learning curve
for registration has been overcome13. Furthermore, according to
Laine et al., a surgeon who is familiar with neuronavigation only
takes 4 to 6 minutes per vertebra to define anatomic landmarks
for the intraoperative paired-point matching procedure13.
Finally, radiation dose was assessed by only two of the selected
articles, and both reported relatively lower radiation exposure
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with neuronavigation. According to Merloz et al., radiation running
time was on average 11.5 s per vertebrae (range: 5.5-17.5 s) for
fluoroscopy versus 3.5 s (range: 1.7-7.5 s) for neuronavigation9.
In line with this finding, Rasajekaran et al. reported that
with neuronavigation, the C-arm entered the operating field
approximately 1.5± 0.25 times (range 1–3) per screw, and that
about 11.4 screws could be inserted without introducing the C-arm
into the operating field 8. According to Gebhard et al., intraoperative
CT-based guidance is associated with a lower median absorbed
radiation dose of 152 mGy, while conventional C-arm guidance
has a median absorbed dose of 1091 mGy 14.
One of the limitations of the current study was the quality of
the selected articles, which included nine ‘weak’ articles and
three ‘moderate’ ones, according to EPHPP criteria. Another
limitation was the publication bias revealed by the funnel
plot. However, the advantage of the current analysis lies in
the methodological homogeneity among the studies, which
increases the reliability of the comparisons.

Conclusion
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