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ABSTRACT
Background: The aim of this study was to evaluate the time required for various parts of the procedure to insert
lumbar and sacral pedicle screws using navigation with an intraoperative, 3-dimensional imaging system. Comparison of
these timings was carried out for different surgical indications.
Methods: This was a single-surgeon prospective cohort study of 69 consecutive patients (between August 2013 and
June 2018) who underwent insertion of 380 pedicle screws into the lumbar and sacral vertebrae. Surgical indications,
average time required for surgical exposure and attachment of the reference frame, average time required until
completion of the first pedicle screw insertion, and average time required for insertion of a single pedicle screw were
evaluated.
Results: The average time required from skin incision to reference frame attachment was 28.3 6 20.4 (mean 6
SD) minutes, and the average time required from reference frame attachment to completion of first pedicle screw
insertion was 22.3 6 9.6 minutes. The average time required for insertion of a single pedicle screw was 7.8 6 2.7
minutes. When surgical indications were compared, the average time required for insertion of a single pedicle screw was
7.7 6 2.6 minutes in surgery for spondylosis-related stenosis, 8.1 6 2.8 minutes for degenerative scoliosis, and 8.2 6 3.6
minutes for metastatic tumor (P ¼ .89). There were no significant changes in these timings over consecutive 6-month
periods.
Conclusions: There is no significant learning curve and no significant difference in navigation setup and pedicle
screw insertion timings with intraoperative 3-dimensional navigation systems for surgeries of different pathologies and
levels of surgery.
Level of Evidence: 2.
New Technology
Keywords: navigation, O-arm, 3-dimensional fluoroscopy, lumbar spine, lumbar pedicle screw, degenerative scoliosis,
lumbar spondylosis

INTRODUCTION
Spinal instrumentation using pedicle screws has
become the standard of care in the treatment of
many spinal conditions because it offers an instrumentation construct with high biomechanical
strength for the support of the spinal column.1–4
Conventional methods of spinal instrumentation,
however, are prone to misplacement due to the
considerable variability in the human anatomy,
spinal deformities arising from various diseases,
and variability in the surgeon’s experience because
the screws are usually inserted ‘‘blind.’’4–6 Computer-assisted navigation using preoperative 3-dimensional (3D) computed tomography has been used

for guiding pedicle screw insertions but has been
demonstrated to be prone to navigation errors and
prolonged surgical time due to changes in intervertebral anatomical relationships when the patient is
prone, resulting in the need for point or surface
registration of each vertebra.7,8
Intraoperative 3D image–based navigation
avoids changes in anatomical relationships due to
patient positioning and can potentially provide
greater accuracy, improved safety, and reduced
surgical time for pedicle screw insertion.1,2,9–12 The
O-arm (Medtronic, Minneapolis, MN) is an intraoperative imaging system that provides high-deﬁnition 3D image reconstructions that can be
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automatically uploaded to the S7 Stealth Station
(Medtronic, Minneapolis, MN) navigation system.
Spinal tumor surgery and deformity correction
surgery have been shown to be associated with
increased surgical times, higher rates of complications, greater blood loss, and longer inpatient
stays.13,14
Our study aims to prospectively evaluate the time
required for various parts of the procedure to insert
lumbar and sacral pedicle screws using navigation
with the O-arm and Stealth Station. The study also
compares these timings for different surgical indications and increasing number of instrumentation
levels. Changes in these timings over consecutive 6month periods were also evaluated to provide
insight into the learning curve.

MATERIALS AND METHODS
This was a prospective longitudinal cohort study.
Patients were enrolled if they were admitted to our
institution for primary spine surgery by a single
surgeon involving up to a maximum of 3 levels in
the lumbar or lumbosacral spine between July 2013
and June 2018. Patient demographics, diagnoses,
and outcomes were recorded from patient interviews, physical examinations, and imaging studies.
Surgeries were performed for the following
indications: spinal stenosis related to lumbar spondylosis in 56 patients, degenerative scoliosis in 10
patients, and metastatic vertebral tumors in 3
patients. Two of the patients in the lumbar
spondylosis group had concomitant osteoporotic
vertebral body fractures, but the cause of spinal
stenosis was spondylosis. Extension of instrumentation to the sacral vertebrae was performed in 21
patients. Preoperative planning of screw length, size,
direction, and prediction of entry point was not
performed prior to surgery with preoperative
computed tomography (CT) or magnetic resonance
imaging scans.
Patients were induced under general anesthesia
and placed prone on a Jackson table. A posterior
midline or paramedian approach was used. After
obtaining adequate exposure, the navigation reference frame was attached rigidly to the spinous
process just above the level where the most cranial
pedicle screw insertion was planned. The patient’s
breathing was suspended temporarily by the anesthetist, and image acquisition was performed with
the O-arm. After image transfer to the Stealth
Station, navigable instruments such as the awl, bone

tap, and pedicle screwdriver were registered to the
Stealth Station by pointing them to a designated
point on the reference frame. A pedicle screw track
was then created by advancing the navigated awl
into the vertebra with the use of a mallet. The
dimensions of the pedicle and vertebral body were
measured with the Stealth Station software to
determine the optimum diameter and length for
the pedicle screw. The screw track was tapped if
required and the appropriate screw inserted with the
use of the respective navigable instruments. After
inserting a desired number of pedicle screws, 2dimensional and/or 3D images were obtained with
the O-arm to detect any malpositioned screws,
which were then revised accordingly. Decompression and spinal fusion were then performed as
necessary.
The times at 4 points of each surgery were
recorded by a clinical assistant who was trained to
measure the timings at different reference points and
was not involved in the surgery. Data on time of
skin incision, time of reference frame attachment,
time at completion of ﬁrst pedicle screw insertion,
and time at completion of last pedicle screw
insertion were recorded. From the data collected,
the following time periods were calculated: (1) time
required from skin incision to reference frame
attachment; (2) time required from reference frame
attachment to completion of ﬁrst pedicle screw
insertion; and (3) average time required for insertion
of a single pedicle screw (this was derived from total
time taken for inserting all the pedicle screws
divided by the total number of screws inserted—
any time taken to revise malpositioned screws was
also included in the total time taken).
We compared the above durations with the
following variables: (1) surgical indication (spondylosis-related stenosis, degenerative scoliosis, metastatic tumor); (2) number of levels of pedicle screw
instrumentation; and (3) consecutive 6-month periods based on the date of surgery. For cases where
the O-arm was unavailable, a C-arm was used
without a computerized navigation system.

STATISTICAL METHODS
All statistical analyses were done using Graph
Pad Prism 5 (GraphPad Software Inc, San Diego,
CA). The Pearson correlation coefﬁcient, r, was
used to look for correlation between continuous
variables. An r value between .7 and 1.0 indicates
variables that are highly correlated; between .5 and
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.7 indicates moderate correlation; and between .3
and .5 indicates variables with low correlation. Oneway analysis of variance (ANOVA) was used to
analyze the signiﬁcance of differences between
groups. A probability value of less than .05 was
considered statistically signiﬁcant.

RESULTS
A total of 74 patients underwent primary
instrumented lumbar or lumbosacral spine surgery
during the period between July 2013 and June 2018.
C-arm without navigation was used for 5 patients
due to unavailability of the O-arm or Stealth
navigation system. The 69 patients who underwent
O-arm imaging with the Stealth System–navigated
pedicle screw insertion included 27 men and 42
women with a mean age of 63.1 6 12.4 years at the
time of surgery. Fifty-six surgeries were performed
for spondylosis related stenosis, 10 for degenerative
scoliosis and 3 for metastatic tumour. There were 21
single-level, 32 two-level, and 16 three-level spinal
instrumentation surgeries performed. All surgeries
were primary operations for their respective pathologies and patient demographics, surgical indications
and levels of surgery are shown in Table 1.
For O-arm cases, the average time required from
skin incision to reference frame attachment was 28.3
6 20.4 (mean 6 SD) minutes. The average time
required from reference frame attachment to completion of insertion of the ﬁrst pedicle screw was
22.3 6 9.6 minutes. The average time required for
inserting a single pedicle screw was 7.8 6 2.7
minutes. For C-arm cases, the average time required
for inserting a single pedicle screw was 16.3 6 10.0
minutes (P ¼ .001).
There was no signiﬁcant difference in age or
gender between groups when categorized on the
basis of pathology and number of levels of surgery
performed. There was no signiﬁcant correlation
between age and the average time required from
skin incision to reference frame attachment, r ¼ .05;
from reference frame attachment to insertion of a
single pedicle screw, r ¼ .11; and average time
required for insertion of a single pedicle screw, r ¼
.04. When evaluating for the effect of gender on
surgical timings, the average time required from
skin incision to reference frame attachment was 32.3
6 29.6 minutes for men and 25.8 6 11.3 minutes for
women (P ¼ .20). The average time required from
reference frame attachment to completion of ﬁrst
pedicle screw insertion was 20.8 6 8.5 minutes for

Table 1. Patient demographics, surgical indications, number of levels of
pedicle screw instrumentation, and average time required for various parts of
the surgical procedure.

O-Arm Group
No. of patients
Age, y
Males / females, n
Surgical indications, n
Spondylosis-related stenosis
Degenerative scoliosis
Metastatic tumor
Pedicle screw instrumentation at each level, n
Single level
2 levels
3 levels
Average time required from skin incision to
reference frame attachment (min)
Average time required from reference frame
attachment to completion of first pedicle
screw insertion (min)
Average time required for insertion of single
pedicle screw (min)

69
63.1 6 12.4
27 / 42
56
10
3
21
32
16
28.3 6 20.4
22.3 6 9.6
7.8 6 2.7

men and 23.2 6 10.4 minutes for women (P ¼ .32).
The average time required for inserting a single
pedicle screw was 8.9 6 3.0 minutes for men and 7.1
6 2.2 minutes for women (P ¼ .005).
When comparing different surgical indications,
the average time required from skin incision to
reference frame attachment was 28.9 6 22.0 minutes
for spondylosis-related stenosis, 28.9 6 11.4 minutes
for degenerative scoliosis, and 15.3 6 13.5 minutes
for metastatic tumor (P ¼ .54). The average time
required from reference frame attachment to completion of ﬁrst pedicle screw insertion was 23.0 6
10.1 minutes for spondylosis-related stenosis, 18.7
6 8.0 minutes for degenerative scoliosis, and 21.0
6 5.0 minutes for metastatic tumor (P ¼ .43). The
average time required for inserting a single pedicle
screw was 7.7 6 2.6 minutes for spondylosis-related
stenosis, 8.1 6 2.8 minutes for degenerative
scoliosis, and 8.2 6 3.6 minutes for metastatic
tumor (P ¼ .89). The average time required for
various parts of the surgical procedure when
performed for different surgical indications are
shown in Table 2.
When comparing number of levels of pedicle
screw instrumentation, the average time required
from skin incision to reference frame attachment
was 23.4 6 8.2 minutes for single-level instrumentation, 28.3 6 28.0 minutes for 2-level instrumentation and 34.9 6 11.3 minutes for 3-level
instrumentation (P ¼ .25). The average time
required from reference frame attachment to completion of ﬁrst pedicle screw insertion was 20.3 6
9.3 minutes for single-level instrumentation, 24.4 6
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Table 2. Average time required for various parts of the surgical procedure when performed for different surgical indications.

Average time required from skin incision to reference frame
attachment, min
Average time required from reference frame attachment to
completion of first pedicle screw insertion, min
Average time required for insertion of single pedicle screw, min

10.9 minutes for 2-level instrumentation, and 20.7 6
6.8 minutes for 3-level instrumentation (P ¼ .24).
The average time required for inserting a single
pedicle screw was 8.4 6 3.2 minutes for single-level
instrumentation, 7.5 6 2.8 minutes for 2-level
instrumentation, and 7.4 6 2.1 minutes for 3-level
instrumentation (P ¼ .46). The average time
required for various parts of the surgical procedure
when performed for the increasing number of levels
of pedicle screw instrumentation are shown in Table
3. There was no signiﬁcant difference in pedicle
screw insertion timings when patients who required
sacral pedicle screw insertions were compared
against patients who only required lumbar pedicle
screw insertions. The time taken for pedicle screw
insertion was 8.02 6 2.21 minutes for patients
requiring sacral pedicle screw insertions and 7.68 6
2.84 minutes for those who required only lumbar
pedicle screw insertions (P ¼ .62).
The patients were divided into 9 groups of
consecutive 6-month periods based on their date
of surgery. For 1-way ANOVA to be performed,
each group required at least 2 readings. There were
no signiﬁcant differences among the 9 groups of
patients in average time required from skin incision
to reference frame attachment (P ¼ .76), average
time required from reference frame attachment to
completion of ﬁrst pedicle screw insertion (P ¼ .31),
and average time required for inserting a single
pedicle screw (P ¼ .41). A scatterplot of average time
required for insertion of a single pedicle screw over
consecutive 6-month periods is shown in Table 4.
Twelve patients required intraoperative re-siting
of screws due to unsatisfactory placement. There
was no statistically signiﬁcant correlation between
patients requiring re-siting of screws and pathology

Spondylosis-Related
Stenosis

Degenerative
Scoliosis

Tumor

P Value

28.9 6 22.0

28.9 6 11.3

15.3 6 13.5

.54

23.0 6 10.1

18.7 6 8.0

21.0 6 5.0

.43

7.7 6 2.6

8.1 6 2.8

8.2 6 3.6

.89

(P ¼ .37) or number of levels of surgery performed
(P ¼ .63). Re-siting of screws signiﬁcantly increased
pedicle screw insertion time, 11.9 6 1.86 minutes
when compared against patients who did not require
pedicle screw re-siting, 6.91 6 1.84 minutes (P ,
.001). None of the patients who required re-siting of
screws developed neurological deﬁcits or complications from screw misplacement after surgery.
There were 9 complications from surgery in this
cohort of patients; however, none of them were due
to screw misplacement or early loosening. Three
patients had dural tears requiring intraoperative
repair, and 1 patient had surgical site infection
requiring debridement and an extended course of
antibiotics. One patient developed deep vein thrombosis and required a course of anticoagulation until
resolution. Two patients had cage displacement
without loss of alignment or pedicle screw and rod
loosening. Both patients underwent revision of the
cage with a larger-sized cage without any further
complications. Two of the patients developed
adjacent segment disease requiring secondary surgery for decompression and extension of instrumentation and fusion.

DISCUSSION
Technological advances in spine surgery have
increased the interest in intraoperative, O-arm–
based navigation systems to improve the accuracy,
radiation safety, and efﬁciency of pedicle screw
placement. Multiple studies and meta-analyses have
reported the superior accuracy and outcomes of
intraoperative 3D imaging–based navigation when
compared against ﬂuoroscopy, C-arm–based navigation, and preoperative CT-based navigation for

Table 3. Average time required for various parts of the surgical procedure when performed for increasing number of levels of pedicle screw instrumentation.

Average time required from skin incision to reference frame
attachment, min
Average time required from reference frame attachment to
completion of first pedicle screw insertion, min
Average time required for insertion of single pedicle screw, min

Single Level

2 Levels

3 Levels

P Value

23.4 6 8.2

28.3 6 28.0

34.9 6 11.3

.24

20.3 6 9.3

24.4 6 10.9

20.7 6 6.8

.24

8.4 6 3.2

7.5 6 2.8

7.4 6 2.1

.46
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Table 4. Average time required for insertion of single pedicle screw over consecutive 6-month periods.

the insertion of pedicle screws.1,11,15–20 However,
few studies have prospectively analyzed the durations of the various parts of the procedure when
using an intraoperative 3D imaging–based navigation system.
Khanna et al21 evaluated whether setup time or
procedural time was increased with the use of Oarm–based navigation versus freehand techniques in
a retrospective series of 136 consecutive single-level
lumbar fusion surgeries. They found no signiﬁcant
difference in the setup times of the techniques, but
procedure time was signiﬁcantly shorter in navigated cases (3 hours 39 minutes vs 4 hours 4 minutes; P
¼ .0003). Their study, however, did not give details
of the time taken for procedural steps such as from
skin incision to reference frame attachment and
from reference frame attachment to completion of
insertion of the ﬁrst pedicle screw.
In our series, the average time required from skin
incision to reference frame attachment was 28.3 6
20.4 minutes. The average time required from
reference frame attachment to completion of insertion of the ﬁrst pedicle screw was 22.3 6 9.6
minutes. The average time required for inserting a
single pedicle screw was 7.8 6 2.7 minutes. The time
required from skin incision to reference frame
attachment was mainly to perform the surgical

exposure. The time required from reference frame
attachment to completion of insertion of the ﬁrst
pedicle screw was for positioning of the O-arm,
image acquisition, data transfer to the Stealth
Station, preparation of the pedicle screw track,
and insertion of the pedicle screw.
Shin et al20 reported an initial preparation time of
30 minutes for setting up of the O-arm and
navigation system, which eventually decreased to
an average of 19 minutes as compared with a setup
time of 4 minutes in the ﬂuoroscopy-guided C-arm
group. In our practice, the setting up of the O-arm
and navigation system occurs while the patient is
being positioned for surgery. Hence, we did not
separately record the setup time prior to skin
incision.
Zhang et al17 reported an average time of 10.2
minutes from anatomical registration to complete
insertion of 1 pedicle screw using preoperative CTguided navigation. For a single-level construct, the
process would have to be repeated 4 times, resulting
in an overall timing of 40 minutes for insertion of 4
pedicle screws, without including the time taken for
exposure and image acquisition.
In a cadaveric study, Tabaraee et al11 reported 4.8
minutes for placement of pedicle screws using Oarm imaging-based navigation. Zhang et al17
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reported a pedicle screw insertion time of 5.6 6 1.3
minutes, whereas Kotani et al1 reported 5.4 6 1.1
minutes in patients undergoing scoliosis surgery.
Shin and colleagues reported a pedicle screw
insertion time of 4.5 minutes20 in the initial
retrospective series in 2012 and 4.3 minutes19 in
the subsequent prospective randomized cohort
study between O-arm and ﬂuoroscopy guided
navigation in 2015. Liu et al22 reported an average
time of 5.3 6 2.8 minutes in the O-arm group and
6.6 6 3.6 minutes in the C-arm group for pedicle
screw insertion in patients with thoracic vertebral
fractures. For pedicle screw insertion using preoperative CT-based navigation systems, Laine et al5
reported a mean insertion time of 7.5 minutes, Meng
et al18 reported an average insertion time of 6.3 6
1.6 minutes, Rajasekaran et al23 and Han et al24
reported an average insertion time of 4.6 6 1.0
minutes, whereas Kapoor et al25 reported an
average time of 12.0 minutes.
Our study found no signiﬁcant difference in the
average time required for various parts of the
procedure to insert pedicle screws in patients with
spinal stenosis, degenerative scoliosis, or metastatic
tumor. Pedicle screw insertion timings appeared to
be signiﬁcantly increased for men than for women.
Jin et al26 reported an increased difﬁculty in placing
pedicle screws and a greater risk of screw malposition at the L5 segment due to the effect of erector
spinae and soft tissue extrusion by the iliac wing
toward the rear of the pelvis, which appeared to be
more signiﬁcant in men. Given that only 1 female
patient required surgery without L5 involvement,
we hypothesize that the difference in pedicle screw
insertion timings may be secondary to this effect as
surgical exposure timings and time from reference
frame attachment to insertion of the ﬁrst pedicle
screw was not affected by gender differences. We
acknowledge that the number of patients in our
series is relatively small, but the ﬁndings suggest that
the average time required does not signiﬁcantly
change with different surgical pathologies.
Khanna et al21 observed a time-dependent
decrease in operative time with the use of O-arm
navigation over 4 years, which they implied may be
due to an initial learning curve. The study, however,
did not take into account the different parts of the
surgical procedure. By analyzing the various parts
of the surgical procedure, we found no signiﬁcant
difference when the surgeries were categorized into
groups spanning 6 months of at least 4 surgeries.

The reasons may be related to plateauing of the
learning curve and the frequency (every 2 to 4
months) of change in surgical trainees assigned to
the operating theater.
Our study does have limitations. The study
protocol excluded patients with surgeries on greater
than 3 segments because that would have required
repositioning the machine and a repeat scan for the
additional levels. There were fewer patients undergoing surgery for metastatic tumor and degenerative
scoliosis than for degenerative spinal stenosis. Data
on curve measurements and spinopelvic parameters
to determine the severity of scoliosis were not
collected. There were also no patients who underwent surgery for vertebral fracture. This is because
our study protocol excluded patients whose instrumentation included the thoracic spine, and most
lumbar fractures tend to be at the thoracolumbar
junction. The lack of learning curve may have been
linked to the experience of the single surgeon, and
therefore it may not be possible to extrapolate the
results to junior surgeons embarking on the
technique.
Although our results may not be generalizable to
all surgical teams performing spinal navigation
surgery due to the differences in experience and
training, the study aims to provide a reference
timing for surgical teams to aim toward when using
navigation.

CONCLUSION
This prospective study provides an indication of
the time required for various parts of the procedure
to insert lumbar and sacral pedicle screws using
navigation with an intraoperative, 3D imaging
system. It adds to the growing pool of knowledge
about this type of surgery.
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