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ABSTRACT

Background: We used a cross-sectional study design (questionnaire) to investigate the use of image-guided

navigation (IGN) in Saudi Arabia and explore possible differences in implementing IGN for daily practice.
Methods: An internet-based survey was sent to all spine surgeons who are practicing in Saudi Arabia (orthopedics

or neurosurgery). The survey is composed of 12 items that collected demographic and academic data.

Results: Ninety-nine answered the questionnaire from 197; 80% were from Riyadh, the capital, and 50% were
consultants (attending physicians). Orthopedic surgeons were almost 60% of responders compared to 40%
neurosurgeons. The use of navigation in Saudi hospitals was high (76.8%). There was a significant difference between

specialties in the preference of using navigation (23.2% for orthopedics versus 81.4% for neurosurgery, P , .001) and
routine use in surgical spine cases (88.4% for neurosurgery versus 50.0% orthopedics, P , .001). The majority of
responders from neurosurgery learned to use navigation during residency compared to orthopedics responders (51.2%

versus 28.6%, P¼ .001). More than 30% of orthopedics responders expressed they never learned navigation compared
to only 4% of neurosurgery responders. The comfort level of . 75% with performing surgery using navigation was
significantly different between specialties (25% for orthopedics versus 46.5% for neurosurgery, P , .001).

Conclusion: Saudi spine surgeons are among the highest users of IGN systems. The strong healthcare

infrastructure and the availability of these devices across the country are among the most important factors for its
prevalence. Enhancing surgical exposure and education of postgraduate trainees to use these tools, especially within
orthopedics, could increase use and comfort level rates.
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INTRODUCTION

The accurate placement of the spine pedicle screw

is of utmost significance and researchers have been

urging spine surgeons and specialists to enhance the

approaches to enable accurate and safe instrumen-

tations.1 As evidence has supported the use of

pedicle screws instrumentation in the correction and

stabilization of various spine conditions, misplace-

ment complications (neurologic deficits, dural tears,

pedicle fractures and vascular injuries) have been

increasing.1–5 Since navigated spine surgeries were

first described in the 1990s, image-guided surgeries

have revolutionized the field of spinal instrumenta-

tion and opened a new era of safe spine surgery. The

employment of intraoperative 3-dimensional neuro-

navigation systems in spine surgeries has become a
critical adjunct for spine surgeries and helps
surgeons to ensure accurate screws placement rather
than relying on anatomical landmarks and preop-
erative planning, with less radiation exposure.6–9

With the advancement of medical technology,
market industries started playing an integral role in
evolving state-of-the-art innovations, as evident by
the increased use of image-guided navigation (IGN)
over conventional methods.10,11 Several studies
indicated that pedicle screw insertion accuracy could
be significantly improved with IGN systems com-
pared with conventional approaches.12 Several
reports and meta-analysis studies documented the
advantage of IGN compared to conventional
modalities in decreasing the perforation risk,
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cerebrospinal fluid leakage, and radiation exposure
with slightly increased operative time.13,14

Although IGN outcomes are reported by multi-
center studies and meta-analyses, the adoption of
this technology at a country level is still unknown.
The Kingdom of Saudi Arabia is presently receiving
an enormous support for its healthcare budget,
creating a paradigm shift in the standards of health
care and training of postgraduate medical trainees,
especially within the ‘‘2030 Saudi Vision.’’ There-
fore, we aim in this study to investigate the current
use of IGN in Saudi Arabia and explore possible
differences in implementing IGN in spine surgery
among orthopedic and neurosurgery faculty and
trainees.

METHODS

With the assistance of clinical epidemiologists
and spine surgery experts, we developed a 12-item
survey (Table) in English (official study language in
all Saudi medical schools) to assess the Saudi spine
surgeons’ use of IGN surgery as part of their clinical
practice and to evaluate their attitudes toward it.
The study was approved by our Research Ethics
Committee at King Faisal Specialized Hospital and
Research Centre. Surgeons were interviewed over a
period of 6 months in 2017 through a web-based
survey questionnaire, using Google Documents, and
paper-based surveys distributed to all spine sur-
geons who are currently practicing in Saudi Arabia,
through the Saudi Spine Society. Surgeons included
in the study comprised both orthopedic surgeons
and neurosurgeons.

The final questionnaire framed response options
with closed-ended questions from which the respon-
dent could choose 1 answer. An email was sent to all
the spine surgeons within the Saudi Spine Society
database, and a reminder email was sent few months
following the initial email. As for the paper
questionnaire, it was reserved for the surgeons
who did not respond to the web-based questionnaire
and were able to have the survey delivered to them
in person (fewer than 10 surgeons). Data were
gathered according to demographics (region, sub-
specialty), and other specific information (surgeon’s
level: resident, fellow, or consultant [attending
physician], type of IGN used, government/private
hospital practice).

Survey responses were deidentified and then
collected into a Microsoft Excel database. Respons-
es were converted to nominal categorical or ordinal

variables. Pearson v2tests or Fisher exact tests were
employed for comparisons between categorical
variables. Statistical significance was set at P ,

.05. All tests were 2-tailed. All statistical tests were
performed using SPSS (version 21; IBM, Chicago,
Illinois).

RESULTS

Demographics

From 197 surveys sent to all practicing spine
surgeons (consultants, fellows, residents) we got 99
responses (response rate 50.2%); among those
responders, 79 were from Riyadh, the capital
(Figure 1). The majority of responders (50%) were
consultants (attending physicians), while 30% were
assistant consultants or fellows. Orthopedic sur-
geons constituted almost 60% of responders com-
pared to 40% who were neurosurgeons. Sixty-nine
responders had more than 5 years in clinical
experience and 70% worked in government hospi-
tals.

Use and Preference

The use of IGN in Saudi hospitals was high
(76.8%) among responders. There were no differ-
ences between specialties (orthopedics versus neu-
rosurgery) in the availability of IGN at their
hospitals (81.4% versus 73.2%, P ¼ .472; Figure
2). However, there were statistically significant
differences between specialties in the preference of
IGN use (81.4% for neurosurgery versus 23.2% for
orthopedics, P , .001) and routine use during spine
cases (88.4% for neurosurgery versus 50.0% for
orthopedics, P , .001; Figure 3). The type of IGN
device did not differ between specialties. Orthopedic
surgeons had a higher preference rate of using IGN
in revision cases (20% versus 7%).

Learning Time and Comfort Level

The majority of neurosurgeons learned to use
IGN during residency compared to orthopedics
responders (51.2% versus 28.6%, P ¼ .001). More
than 30% of orthopedic surgeons expressed that
they ‘‘never learned to use navigation systems’’
compared to only 4% of neurosurgery responders.
Interestingly, the comfort level (. 75%) with
performing surgery using IGN was significantly
different between specialties (46.5% for neurosur-
gery versus 25.0% for orthopedics, P , .001).
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Table. The 12-item questionnaire used in the study.
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Accuracy Level

Of all the responders, 38.4% reported an
accuracy in their pedicle screw placement . 75%
of the time; however, we don’t know how this was
determined by every responder. On the other hand,
37.4% said that such an answer was not applicable.

IGN as Standard-of-Care Adjunct

Most neurosurgeons (58%) supported imple-
menting IGN as a standard-of-care adjunct in spine
surgery compared to only 20% of orthopedic
surgeons. According to various open responses with
this question, IGN was thought to be underused due
to several factors: increased associated costs, lack of

early exposure and training, and increase in the

operating room time. Accuracy and radiation

exposure were also a concern for responders and

many surgeons were questioning its validity and

whether it was cost efficient or not.

DISCUSSION

The use of IGN has become an essential part of

the armamentarium for cranial surgeons for the past

few decades. However, its adoption among spine

surgeons remains largely limited. For decades,

spinal fixation has been established using the

freehand technique, which may lead to devastating

errors and has inherent limitations. As the implica-

Figure 1. Map of Saudi Arabia showing the response rate per region.

Figure 2. Bar chart demonstrating that there were no differences between

specialties (orthopedics versus neurosurgery) in the availability of navigation at

their hospitals.

Figure 3. Bar chart showing preference of using navigation between

specialties (orthopedics versus neurosurgery).
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tions of spinal fixation continues to rise for various
conditions, including degenerative spinal disease,
vertebral fractures, and deformity, the call for better
placement strategies that limit iatrogenic neurovas-
cular injuries was essential.

Since the introduction of spinal IGN in the early
1990s, the employment of IGN during spine
surgeries has been steadily increasing, especially
among complex deformity cases.6,8 Various studies
and meta-analyses have documented the accuracy
and safety profiles of IGN during spine surgeries.
Tian et al depicted that computed tomography
navigation, 2-dimensional fluoro-navigation, and
3-dimensional fluoro-navigation are significantly
more accurate than the freehand technique. Similar
results were reproduced by Du and colleagues.15,16

However, many spine surgeons remained reluctant
regarding its use citing concerns with costs,
radiation exposure, and operative time.17 Interest-
ingly, IGN demonstrated significant reduction of
intraoperative radiation exposure compared with
the other conventional and navigation modali-
ties.18 Moreover, it was found that IGN increased
the surgical time by only 10 minutes, which is not
significant compared to the major advantage of
better anatomical delineation, improved accuracy,
and reduced complications.18 This increased oper-
ative time is also learner-dependent with various
studies documenting significant reduction of surgi-
cal time from 16 to 7 minutes over the course of 2
years as the learning curve of the surgeon
improved.19

Despite the obvious advantage of IGN during
spine instrumentation, the degree of its use among
spine surgeons is still largely unknown. Our study
aimed to identify the degree of its use and the
factors that spine surgeons consider when employ-
ing this technique. Saudi Arabia is the largest
Middle Eastern country by area and has an evolving
healthcare system and strong infrastructure. There-
fore, exploring the degree of IGN use will shed the
light on the use of such relatively new advanced
system in a developing nation and on important
hidden factors related to its use among Saudi spine
surgeons.

The survey included both orthopedic spine
surgeons and neurosurgeons that perform spinal
instrumentation procedures. The response rate was
50%. As expected, the majority of responders (80%)
were located in the capital of Saudi Arabia, Riyadh,
since it is known to have some of the best medical

centers in the country. Interestingly, orthopedic
surgeons were more likely to respond to the survey
questionnaire compared to neurosurgeons (60%
versus 40%). This observation is in accordance with
Härtl et al who performed a worldwide survey
among spine surgeons to assess the degree of IGN
use across 5 geographic locations.17 The authors
had a 20% response rate, with the majority of
responders being orthopedic surgeons.

The use of the IGN system in Saudi Arabia was
interestingly high (76.8%), which is in the contrary
to what Härtl and colleagues found in their study.
The authors found that 66% of the surveyed
surgeons never used IGN for spinal fusion
surgery, 9% were routine users, and 25% were
only selective users. This might be attributed to
the strong healthcare budget in Saudi Arabia and
the availability of IGN systems across the
hospitals in the country in addition to the high-
level educational courses conducted for faculty
and trainees.

Härtl and colleagues found that more than 40%
of neurosurgeons use IGN frequently compared to
28% of orthopedic spine surgeons.17 Similarly, we
found a statistically significant difference among
the use rate between neurosurgeons and orthopedic
surgeons (88.4% versus 50.0%, respectively, P ,

.001), which might be attributed to early exposure
of neurosurgeons to IGN devices during their
residency compared to orthopedic surgeons (51.2%
versus 28.6%, P ¼ .001). Despite the increasing
popularity using IGN, a few issues remain for
many spine surgeons worldwide including the
operating time and its effect on the workflow. In
their retrospective study, Miller and Fabiano
compared the results between IGN and traditional
use of fluoroscopy. The authors found similar
operative time between the 2 groups, with less
blood loss when IGN was used.20

Our study is, however, limited by several factors.
First, we adopted a closed-ended survey with
predesigned answer options, which may not detect
the different opinions among Saudi spine surgeons.
Second, we intended to send the survey to all spine
surgeons and trainees across the country; however,
we realize that we might have missed some surgeons
who therefore did not have the opportunity to
complete the survey. Third, surgeons’ experience is
variable among our responders with some surgeons
having more than 20 years of experience and others
still in their training. Fourth, the incidence of
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malpositioned hardware was not included in our
questionnaire. Fifth, the data collected about the
use of IGN did not include the type of surgery
performed (trauma, deformity, degenerative disease,
etc). Finally, the response rate was 50%; thus, the
possibility that surgeons with a specific opinion may
have been more likely to respond cannot be
eliminated.

CONCLUSION

The advancement of medical technology and
navigation techniques for spinal instrumentation
has resulted in better accuracy and reduced compli-
cations and radiation exposure compared to the
traditional freehand instrumentation. Our results
documented that Saudi spine surgeons are among
the highest users of IGN systems during spine
surgeries and highlight significant differences in the
use of IGN among specialties in Saudi Arabia. The
strong healthcare infrastructure and the availability
of these devices across the country, along with the
educational courses, are among the most important
factors for its prevalence among Saudi spine
surgeons.
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