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Abstract Although application of intraoperative computer
navigation technique had been integrated into placement of
pedicle screws (PSs) in thoracic fusion for years, its security
and practicability remain controversial. The aim of this study
is to evaluate the accuracy, the operative time consumption,
the amount of intraoperative blood loss, time of pedicle inser-
tion and the incidence of complications of thoracic pedicle
screw placement in patients with thoracic diseases such as
scoliosis and kyphosis. Pubmed, Web of Knowledge, and
Google scholar were searched to identify comparative
studies of thoracic pedicle screw placement between intra-
operative computer navigation and fluoroscopy-guided
navigation. Outcomes of malposition rate, operative time
consumption, insertion time, intraoperative blood loss, and
the incidence of complications are evaluated. Fourteen ar-
ticles including 1723 patients and 9019 PSs were identified
matching inclusion criteria. The malposition rate was lower
(RR: 0.33, 95 % CI: 0.28–0.38, P<0.01) in computer naviga-
tion group than that in fluoroscopy-guided navigation group;
the operative time was significantly longer [weighted mean
difference (WMD)=23.66, 95 % CI: 14.74–32.57, P<0.01]
in computer navigation group than that in fluoroscopy-guided
navigation group. The time of insertion was shorter
(WMD=−1.88, 95 % CI: −2.25– −1.52, P<0.01) in comput-
er navigation group than that in fluoroscopy-guided naviga-
tion group. The incidence of complications was lower
(RR=0. 23, 95 % CI: 0.12–0.46, P<0.01) in computer nav-
igation group than that in the other group. The intraoperative

blood loss was fewer (WMD=−167.49, 95 % CI: −266.39–
−68.58, P<0.01) in computer navigation group than that in
the other. In conclusion, the meta-analysis of thoracic pedicle
screw placement studies clearly demonstrated lower malposi-
tion rate, less intraoperative blood loss, and fewer complica-
tions when using computer navigation. This result provides
strong evidence that computer technology could be safer and
more reliable than fluoroscopy-guided navigation.
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Introduction

Although internal fixation has become a standard procedure
for the treatment of thoracic disease especially osteotomies for
scoliosis, kyphosis which generally involve multisegmental,
multi-screws and multi-rod fixation since pedicle screws were
first placed by Harrington, there is still some problems be-
cause of the smaller pedicle size than that of other regions,
more complex 3D anatomy and osteoporosis especially in
thoracic vertebra due to its complex anatomy and decreased
pedicle dimensions [22, 35].

Intraoperative computer navigation including ISO-C 3D
navigation, CT navigation, and 3D-visual guidance technique
as reported by Abe et al. [1] was first performed by Steinmann
et al. in the 1990s in Lumbar fusion [29], which provides a
good solution to these problems [5, 15, 21, 24, 26]. But like
every other techniques, computer navigation has its own
disadvantages such as the potential of causing various
complications to neurological, vascular and adjacent struc-
tures if misplacement [9, 12, 17] and excessively rigid
fixation may result in clinically adverse effects, such as
device-related osteoporosis [24, 25] which may reduce
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the fusion rate and adjacent segment degeneration [9, 11,
26]. Once the PSs are accurately placed, the foundation of
the procedure was established [34]. Recently, some research
[1, 11, 13, 41] have shown that screw placements navigated by
computer may have a longer operating time and a shorter
length of stay than fluoroscopy-guided navigation. However,
the effectiveness, safety, and biomechanics of screws for
placement still remain controversial. The purpose of this
meta-analysis is to evaluate the malposition rate, operative
time consumption, time of insertion, incidence of complica-
tions, and intraoperative blood loss of PSs placement in tho-
racic diseases and provide evidence for clinical practice.

Materials and methods

Identification and eligibility of relevant articles.
We searched Pubmed, Medline, Web of Knowledge, and

Google scholar for all randomized studies published using
Bthoracic^, Bpedicle screws placement^, Bintraoperative com-
puter navigation^, and Bfluoroscopy-guided navigation^ as
key words. One thousand five hundred eighty-four articles
were primely screened out and reviewed independently by
two authors. We imposed the following inclusion criteria for
the meta-analysis: (1) international published randomized
controlled trails and rigorous designed prospective studies;
(2) the preoperative diagnosis and the indications of poste-
rior pedicle screw fixation in patients with thoracic disease
is unmistakable; and (3) data for malposition rate. Exclu-
sion criteria were as follows: (1) retrospective study and
case report; (2) cadaver research, animal research, or in
vitro research; (3) the navigational location was not the
thoracic region or though the location was thoracic region,
it did not provide specific cases; and (4) comparison
among different navigation technology.

Outcomes

The malposition rate, the incidence of complications, time of
insertion, operative time consumption, the incidence of com-
plications, and intraoperative blood loss were sorted succes-
sively for further analysis.

Assessment of methodological quality

The methodological quality of the trials was independently
assessed by two authors using the Cochrane Handbook for
Systematic Reviews of Interventions 5.1. Disagreements were
resolved through discussion and consensus. We evaluated the
risk of bias of included studies using the Review Manager
software (RevMan Version 5.2; The Nordic Cochrane Center,

The Cochrane Collaboration, Copenhagen, Denmark), which
included the following key domains: random sequence gener-
ation; allocation concealment; blinding of participants and
personnel; blinding of outcome assessment; incomplete out-
come data; and selective reporting.

Meta-analysis

We performed all of the meta-analysis by the ReviewManager
software (RevMan 5.2). Risk ratios (RRs) and 95 % confi-
dence intervals (CIs) were used to evaluate the dichotomous
outcomes, such as the incidence of complications. A P value
of <0. 01 was considered statistically significant. The fixed
effect model was used when the test for homogeneity was
significantly (P> 0.1 and I2 < 50 %) while the random ef-
fect model was used when the test of statistical heteroge-
neity was significantly (P< 0.1 and I2 > 50 %). Studies with
high statistical heterogeneity were rejected by performing
the sensitivity analysis.

Results

Under the guidance of the search strategy, 1584 articles were
primely screened out. By following the inclusion and exclu-
sion criterias, we finally obtained 14 satisfactory articles pub-
lished from 2008 to 2013 [1, 3, 11, 13, 18, 20, 23, 27, 28, 33,
37, 38, 40, 41]. Ten of these studies were RCTs and the other
four were prospective studies. The study selection process was
presented in Table 1. Funnel plot graph was used to evaluate
the publication bias of malposition rate, the incidence of com-
plications, time of insertion, operative time consumption, the
incidence of complications and intraoperative blood loss be-
tween fluoroscopy-guided, and computer navigation groups,
the outcome which shows no obvious distribution of the scat-
ters, which indicated that all selected articles, had no publica-
tion bias [Fig. 1].

Meta-results

1. Malposition rate was available in all 14 studies and
random effect model (P= 0.01, I2 = 67 %) was used to
analyze the pooled data, the result is significantly dif-
ference between the two groups (RR=0. 33, 95 % CI:
0.28–0.38, P< 0.01) [Fig. 2] which points out that in-
traoperative computer navigation may significantly
lower the malposition rate than fluoroscopy-guided
navigation.

2. Operative time consumption was mentioned four studies
of all the 14 and fixed effect model (P=0.63, I2 =0 %)
was used to analyze the collected date which shows
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significant difference between computer and fluoroscopy-
guided navigation groups (RR=23.66, 95 % CI: 14.74–
32.57, P<0.01) [Fig. 3] that indicate intraoperative comput-
er navigation had longer operative time consumption than
fluoroscopy-guided navigation in thoracic PSs placement.

3. Time of insertion was mentioned four studies of all the 14
and random effect model (P<0.01, I2 =84%) was used to
analyze the collected date which shows significant differ-
ence between computer and fluoroscopy-guided naviga-
tion groups (RR = −1.88, 95 % CI: −2.25– −1.52,
P<0.01) [Fig. 4] that indicate intraoperative computer
navigation can lower operative time consumption than
fluoroscopy-guided navigation in thoracic PSs placement.

4. Incidence of complications was available in six of the
14 studies, most of the postoperative complications
were cerebrospinal fluid leakage, lower extremity pain,
numbness or motor deficit, infection and pneumonia,

and complications related to the placement of PSs were
lower extremity pain, numbness or motor deficit which
may mainly caused by intraoperative nerve injury. The
test of heterogeneity shows a P = 1.00, I2 = 0 %, so
fixed effect model was used to analyze the collected
date which shows significant difference between com-
puter and fluoroscopy-guided navigation groups
(RR=0.23, 95 % CI: 0.12–0.46, P< 0.01) [Fig. 5].

5. Intraoperative blood loss was mentioned in three studies
and fixed effect model (the heterogeneity test showed
P=0.98, I2=0 %) was used to analyze the collected date
which shows significant difference between computer and
fluoroscopy-guided navigation groups (RR=−167.49,
95 % CI: −266.39– −68.58, P<0.01) [Fig. 6] that indicate
intraoperative computer navigation can lower intraopera-
tive blood loss than fluoroscopy-guided navigation in tho-
racic PSs placement.

Fig. 1 Funnel plot of comparison of malposition rate, operative time consumption, insertional time, incidence of complications, and blood loss between
computer navigation technique group and conventional group (no obvious asymmetric distribution of scatters was shown)

Table 1 The study selection process

Author Nation Research type Publish year Sample number Number of screws

Experiment Control Experiment Control

Rajasekaran et al. [24] India RCT 2007 16 17 236 242

Shin et al. [29] Korea Prospective 2012 45 24 204 106

Allam et al. [3] Egypt RCT 2013 18 27 108 100

Abe et al. [1] Japan RCT 2011 15 15 222 207

Huang et al. [11] China RCT 2009 21 21 98 104

Laine et al. [14] Finland RCT 2000 50 41 219 277

Zhang et al. [41] China RCT 2006 14 13 70 65

Luther et al. [19] America RCT 2013 112 148 726 708

Wu et al. [39] China RCT 2010 20 22 84 92

Merloz et al. [21] France Prospective 1998 NA NA 48 48

Tormenti et al. [34] America RCT 2010 14 12 211 164

Waschke et al. [38] Germany Prospective 2013 501 505 2002 2422

Zong [42] China RCT 2009 12 24 64 132

Seller et al. [28] Germany Prospective 2005 8 8 24 36

Total – – – 846 877 4316 4703

Experiment: computer-assisted navigation group, Control: fluoroscopy-guided group

NA not available
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Discussion

This meta-analysis has shown that for patient with thoracic
diseases such as scoliosis, kyphosis, or vertebral fracture,
the accuracy of pedicle screw insertion was significantly
improved under the computer navigation. There have been
several meta-analyses [13, 31, 32, 36] since Gelalis [6],
who first conducted a systematic review to compare the
free-hand, fluoroscopic-guided and navigation techniques
and found that the accuracy of screw positioning was im-
proved when navigation assistance was used. However, no
meta-analysis was performed to assess the accuracy of tho-
racic PSs placement under computer guidance.

Interbody fusion for patients using fluoroscopy guid-
ance has achieved a high success rate of 90.3–94.1 %
[13, 38]. But place screws accuracy is influenced by
multi-factors including an experienced surgeon, complete
anatomical knowledge, and a careful preoperative plan.
The misplacement of PSs may lead to serious vascular or
neurological complications [4, 13] thus made a high mal-
position rate [19, 30, 39].

Computer navigation technology appears to be helpful
for surgeons since Steinmann first performed it in 1990s.
Although numbers of studies have demonstrated that place
PSs under computer navigation is a safer way in other

spinal regions, there is no specific research that conducts
systematic analysis in thoracic PSs placement, and the ef-
fectiveness, safety, and biomechanics of PS placement in
thoracic vertebra under computer guidance still remain
controversial, some studies reported that computer naviga-
tion has advantages such as higher accuracy and lower
blood loss [41], while other studies obtained the opposite
conclusion [2, 40]. Hence, a systematic assessment of cur-
rent studies should be done.

The result of this meta-analysis firstly showed that in
thoracic internal fixation, intraoperative computer naviga-
tion may significantly lower the malposition rate than
fluoroscopy-guided navigation in thoracic diseases by
summarizing all 14 articles. However, due to surgeon’s
inexperienced, misplacement rate, loose of the instruments,
and poor peeling of soft tissue still exists. The prone posi-
tion of patients during the process of image acquisition
also improves the accuracy of PSs [39].

Signally differences about incidence of complications
were also shown in this article that the intraoperative com-
puter navigation pedicle screw placement had a lower in-
cidence than the other group. Complications were reported
in five of the 14 articles which showed 48 cases [13, 18,
23, 28, 41], the most common one is nerve damage (20 of 38
cases) in the fluoroscopy-guided group and four of ten cases in

Fig. 2 Forest graph of meta-analysis of malposition rate between computer navigation technique group and conventional navigation group

Fig. 3 Forest graph of meta-analysis of operative time consumption between computer navigation technique group and conventional navigation group
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the computer navigation group and the most serious one is
infection (nine of 38 cases) in the fluoroscopy-guided group
which caused fatal consequences like pneumonia, and two of
ten cases in the other group which leads to deep infection
and healed after multiple lavations and removal of the in-
strumentation [13]. Two independent sample t tests show
markedly difference (P< 0.01). Percutaneously small inci-
sion and increased accuracy which reduce the damage of
juxtaspinal vessels or nerves and the time to re-adjust the
trajectories make it possible to lessen the incidence of com-
plications. However, there is a lack of long-term prognosis
in the literature currently, the terminal validity still need
further verification.

Though a signally difference of operative time consump-
tion is shown by meta-analysis between computer-guided
group and fluoroscopy-guided navigation group, it turns out
that the operative time may longer in computer navigation
group than that in fluoroscopy-guided navigation group in
thoracic PSs placement, this result is based on the analysis
of four studies in which the time of operation are men-
tioned and the reasons are as follows: compared with
fluoroscopy-guided navigation, operative procedure of
computer navigation contains a step of image registration,
which may cost a plenty of time, especially in the patient
with several degeneration or vertebral instability. In addi-
tion, the placement process often requires multiple regis-
trations, which may also increase operative time [10]. As
soon as the registration is done, surgeons can accurately
place the screws based on intuitive images combined with
experiences and feel, thus make repeatedly pause the

operation to check the accuracy of screws is not necessary
anymore, which reduced the total operative time [8].

Laine et al. (2000) concluded that the computer navigation
is somewhat time consuming. Three steps are included in
mean preoperative planning time and the second one is the
only obligatory one. A surgeon familiar with the system needs
4–6 min per vertebra to perform it [13]. This analysis includes
four studies and the outcome shows a longer operative time in
computer navigation group, matching problems were the main
reason that prolongs operative time [14] and since the intro-
duction of the surface-matching technique such problems are
resolved. There were article reports that the average time of
insertion of a single screw is lower in computer navigation
group [12] and the more familiar the surgeons are with the
navigation system, the more accurate the registered process
will be, which can reduce the total operated time.

Meanwhile this analysis shows the insertion time was
lower in computer navigation group than that in
fluoroscopy-guided group, as surgeons become familiar
with the navigation system, the registration process will
be more accurate, matches among devices will also be
more experienced, which lead to the reduction of insertion
time, thereby further increases the accuracy of placement.

Only three articles mentioned index about intraoperative
blood loss [13, 23, 41], the reasons may as follows: (1) the
reduce of total operative time especially time of insertion; (2)
the increased accuracy reduces the damage of juxtaspinal ves-
sels or nerves and the time to re-adjust the trajectories; (3) The
PSs placement through percutaneously small incision make it
possible to avoid intraoperative blood loss.

Fig. 4 Forest graph of meta-analysis of insertional time between computer navigation technique group and conventional navigation group

Fig. 5 Forest graph of meta-analysis of incidence of complications between computer navigation technique group and conventional navigation group
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Four of the 14 articles mentioned the high cost of
computer-guided navigation system [7, 11, 18, 33], which
limits the promulgation of the system, but detailed data
including equipment and materials costs and payment from
the patients, were not mentioned, so further studies in this
aspect should be conducted.

When performing meta-analysis of the effect of different
therapeutic interventions, it is recognized that randomized
controlled trials (RCT) as the best type of research that is
included. This article brings into 14 studies, ten of which
are RCTs and the other four are prospective researches.
However, due to ethical and technical issues, it is more
difficult to actualize the strict randomization and blinding
of the curative effect of surgery in methodology, so bias is
difficult to avoid even for the RCTs such as selection bias,
sampling bias, and literature search bias. Prospective stud-
ies that are rigorously designed were integrated into the
meta-analysis to offset the insufficient number of RCT ar-
ticles. Nonetheless, the problem caused by the combine is
the increase of the risk-related bias, such as measurement
bias. This is equally inadequate for the article.

Conclusion

Intraoperative computer navigation and fluoroscopy-guided
navigation of PSs placement have markedly differences in
malposition rate, incidence of complications, time of insertion,
and blood loss; operative time as computer-guided can lower
four of the above-mentioned indexes except the last one. We
inferred that intraoperative computer navigation may be safer
in patients who suffer from thoracic diseases such as scoliosis,
kyphosis, or vertebral fracture and undergo interbody fusion
using PSs. Since the unacceptably high cost of the equipment,
the time to be proficient in this technique is long, the radiation
exposure of patient or surgeons by some of the devices still
cannot be reduced, and computer navigation have a rate of
failure, the routinization of computer navigation in thoracic
vertebral surgery still need to be treated with caution. Mean-
while, as a new technology, large samples of clinical trial
designs are also expected.
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Comments

Kiyoshi Ito, Matsumoto, Japan
In recent years, the significant advances of the surgery supporting

device is remarkable in the field of the spinal surgery.
Authors showed the significant excellence of computer navigation

system from the previous report between two groups. As written in con-
clusion, I want to know if there is data on the differences of the radiation
exposure in both. It is very important to know the difference of the radi-
ation exposure in accordance to the advent of these devices.
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