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Spinal Navigation during Orthopedic Residency
Training: A Double-Edged Sword?
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Background: Orthopedic residents in our institute have the opportunity to participate in navigation-assisted spine surgery during
their residency training. This paves the way for a new dimension of learning spine surgery, which the previous generation was not
exposed to. To study this in detail, we conducted a cross-sectional descriptive survey among our residents to analyse their percep-
tion, understanding, and competency regarding pedicle screw application using spinal navigation.

Methods: We selected orthopedic residents (n = 20) who had completed 3 years of training that included at least one rotation (4—6
months) in our spine division. They were asked to respond to a four-part questionnaire that included general and Likert scale-based
questions. The first two parts dealt with various parameters regarding spinal navigation and free-hand technique for applying
pedicle screws. The third part dealt with residents’ opinion regarding the advantages and disadvantages of spinal navigation. The
final part was an objective analysis of residents” ability to identify the pedicle screw entry points in selected segments.

Results: We found that our residents were better trained to apply pedicle screws using spinal navigation. The mean Likert scale
score for perception regarding their competency to apply pedicle screws using spinal navigation was 3.65 + 0.81, compared to only
2.8 +0.77 when using the free-hand technique. All residents agreed that spinal navigation is an excellent teaching tool with higher
accuracy and greater utility in anatomically critical cases. However, 35% of the residents were not able to identify the entry points
correctly in the given segments.

Conclusions: All selected residents were perceived to be competent to apply pedicle screws using spinal navigation. However,
some of them were not able to identify the entry points correctly, probably due to overreliance on spinal navigation. Therefore,
we encourage residents to concentrate on surface anatomy and tactile feedback rather than completely relying on the navigation
display monitor during every screw placement. In addition, incorporating cadaveric and saw bone workshops as a part of teaching
program can enhance better understanding of surgical anatomy.

Keywords: Computer-assisted surgery, Internship and residency, Neuronavigation, Pedicle screws, Spine

revolutionised spine surgery.” Its fundamental purpose is
to have an interactive three-dimensional real-time feed-
back during spine procedures to facilitate appropriate

Spinal navigation is a relatively new technology that has
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instrumentation. With the intraoperative, full-rotation,
three-dimensional, O-arm-based spinal navigation, great-
er control and manoeuvrability is achieved, thereby allow-
ing secure and safer implant placement in anatomically
critical areas and difficult scenarios.” Its implications keep
evolving and currently, not just limited to spinal instru-
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mentation, but include interbody fusion, bony resection,
and deformity correction of the spine.”

Even though spinal navigation is not universally
available, some institutions have opted for its use by
trained spine surgeons. In such institutions, young sur-
geons, especially orthopedic residents, have the oppor-
tunity to participate in navigation-assisted spine surgery
during their residency training. This paves way for a new
dimension of learning spine surgery, which will definitely
have an influence on their practice; however, it was not
previously studied whether this would positively affect
their understanding and competency to perform spinal
instrumentation. Therefore, we conducted an anonymised
survey among orthopedic residents to study their percep-
tion about learning spinal navigation during their resi-
dency training and its influence on their competency.

METHODS

A cross-sectional descriptive survey was formulated to
assess the perception of spinal navigation among orthope-
dic residents who had the opportunity to participate and
learn navigation-assisted pedicle screw application during
their residency training. We selected residents who had
completed 3 years of training with at least one rotation in
our spine division and were actively involved in applying
pedicle screws under supervision using spinal navigation
during their rotation. We excluded the residents with un-
der 3 years of training and those who were yet to be posted
for a rotation in our spine division.

Our selected sample represents a unique set of
young orthopedic surgeons who start their spine career
by learning navigation-assisted spine surgery. A four-part
questionnaire was formulated and distributed among the
selected sample through an online portal to maintain ano-
nymity. Responding to the questionnaire was voluntary
and submission of response was interpreted as residents’
implied consent to participate. The first part of the ques-
tionnaire is Likert scale-based and contains statements
and questions dealing with resident’s perception regard-
ing spinal navigation. The residents had to give their level
of agreement to the provided positive statements on a
5-point Likert scale, where 1, strongly disagree; 2, disagree;
3, neutral; 4, agree; and 5, strongly agree.

The first part deals with perception of understand-
ing the concepts, level of exposure, instrumentation,
confidence about screw placements, intraoperative stress
anxiety, and overall satisfaction of the procedure. In addi-
tion, residents had to scale their perception of competency
to apply pedicle screws on their own using spinal naviga-

tion on a scale of 5. With this data, the mean Likert scale
score for all statements included in part 1 was calculated.
In addition, we studied the correlation between resident’s
perception regarding various aspects of spinal navigation
and their competency to apply pedicle screws at the end
of their training by using the Spearman’s correlation coef-
ficient (p).

The second part of the questionnaire was drafted
to learn about each resident’s understanding of the entry
point and trajectory during free-hand pedicle screw inser-
tion and whether they believe that they were competent to
apply pedicle screws on their own using free-hand tech-
nique. If the residents felt that they were not competent,
the reason for such lack of competency was recorded.

In the third part of the questionnaire, residents were
asked whether they believe that spinal navigation has ad-
vantages as a teaching tool. They were also asked to state
two advantages and disadvantages of spinal navigation. In
addition, residents were asked to choose one of the meth-
ods of pedicle screw application, either the free-hand tech-
nique or the navigation-assisted pedicle screw application,
as the best according to their personal opinion.

In the final part of our questionnaire, images of the
posterior aspect of the lumbosacral and thoracic spine
models were provided, and the residents had to identify
the most appropriate pedicle screw entry points for right
L4, right S1, and left T8 pedicles. Responses were then re-
viewed by a senior spine surgeon to check if they were cor-
rect. This was done to assess each resident’s understanding
about the surface anatomy of the entry points.

All statistical analyses were done using Graph Pad
Prism 5 (Graphpad software Inc., San Diego, CA, USA).
The study was performed in accordance with the ethical
standards laid down in the most recent version of the 1964
Declaration of Helsinki, or comparable ethical standards.
This study (ref. No. 2018/00699) was reviewed by the Na-
tional Healthcare Group (NHG) Domain Specific Review
Board (DSRB), Singapore, and an exemption was granted.

RESULTS

Orthopedic residents (n = 20) who had completed 3 years
of training that included at least one rotation (4-6 months)
in our spine division constituted our sample. During their
spine postings, all included residents actively participated
in spine procedures and had real-time experience in apply-
ing navigation-assisted pedicle screws under supervision.
Even though all residents were aware about both naviga-
tion-assisted and free-hand pedicle screw application, six-
teen of them (80%) were more familiar with pedicle screw
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application using spinal navigation. The remaining four
residents (20%) were familiar with both spinal navigation
and free-hand pedicle screw application.

The mean Likert scale score for statements included
in the first part of the questionnaire reveals a positive
agreement for all included statements (Table 1). The over-
all residents’ perception regarding their competency to

apply pedicle screws on their own using spinal navigation
was 3.65 * 0.81 on a 5-point Likert scale. Their perception
of understanding the concepts, level of exposure, knowl-
edge of instrumentation, confidence about screw place-
ments, feeling of decreased anxiety, and overall satisfaction
of the procedure positively correlated with their compe-
tency at the end of their training (Table 2).

Table 1. Questionnaire Responses with Mean Likert Scale Scores and Percentages

Serial No. Given statement Value
Part 1
1 Spinal navigation technology has revolutionized spine surgery. 43+057
2 | understand the concepts of spinal navigation. 415+0.75
3 | am predominantly exposed to surgeries using spinal navigation. 3.95+094
4 | am sure about the anatomy of the spine and possible anatomical variants. 3.65+0.67
5 | feel that the instrumentation for spinal navigation is simple. 355+094
6 | can achieve precise placement of pedicle screws using spinal navigation. 4.15+0.81
7 | am confident of screw placements using spinal navigation even in deformed vertebras. 34+£1.05
8 | am not worried about pedicle breach during surgery. 3.95+0.69
9 | am extremely satisfied with the surgery using spinal navigation. 4.05+0.60
10 At the end of your training, how competent are you in applying pedicle screws on your own 3.65+0.81
using spinal navigation (on a scale of 5)?
Part 2
1 Have you applied or assisted for a free-hand pedicle screw? Yes, 85%; no, 15%
2 Did you understand the entry point for free-hand pedicle screw placement? Yes, 95%; no, 5%
3 Did you understand the trajectory during free-hand pedicle screw placement? Yes, 70%; no, 30%
4 At the end of your training, how competent are you in applying pedicle screws on your own 28+0.77
using free-hand technique (on a scale of 5)?
5 If you feel that you are not competent to apply free hand pedicle screws, please give your reason?  Lack of exposure, 90%;
others, 10%
Part 3
1 Do you think spinal navigation has advantages as a teaching tool giving you direct feedback? Yes, 100%
2 In your opinion, what are the two main advantages of spinal navigation? Accuracy;
utility in deformity cases
3 In your opinion, what are the two main disadvantages of spinal navigation? Cost; availability
4 In your opinion, which is the best technique? Spinal navigation, 100%
Part 4
1 Please mark your entry point for the right L4 pedicle screw in the spine model provided. Correct, 65%
2 Please mark your entry point for the right S1 pedicle screw in the spine model provided. Correct, 70%
3 Please mark your entry point for the left T8 pedicle screw in the spine model provided. Correct, 70%

Values are presented as mean + standard deviation of Likert scale score or in percentage.
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Table 2. Correlation Matrix for Resident’s Responses to Questionnaire’s Part 1 Components

Variable a1 Q2 a3 04 a5 a6 a7 a8 Q9 Q10
Q1 1 0.831 0.633 0.484 0.579 0.617 0.407 0.002 071 0.628
Q2 0.831 1 0.581 0.524 0.516 0.469 0.288 —0.095 0.592 0.507
03 0.633 0.581 1 0.286 0.241 0.346 0.268 -0.097 0.474 0.596
04 0.484 0.524 0.286 1 0.575 0.561 0.567 0.089 0.321 0.518
Q5 0.579 0.516 0.241 0.575 1 0.643 0.633 —0.041 0.396 0.317
Q6 0.617 0.469 0.346 0.561 0.643 1 0.617 =0.111 0.477 0.347
a7 0.407 0.288 0.268 0.567 0.633 0.617 1 0.250 0.314 0.483
08 0.002 -0.095 -0.097 0.089 -0.041 =0.111 0.250 1 0.388 0.221
Q9 071 0.592 0.474 0.321 0.396 0.477 0.314 0.388 1 0.392
Q10 0.628 0.507 0.596 0.518 0.317 0.347 0.483 0.221 0.392 1

Values represent Spearman’s rank correlation coefficient (p). Correlation is considered stronger when p values are close to 1.

Only 17 residents (85%) had assisted for a free-hand
pedicle screw application. However, 19 residents (95%)
admitted that they are aware about the entry point, and 14
(70%) understood the trajectory during free-hand pedicle
screw application. Even so, their overall perception re-
garding their competency to apply pedicle screws on their
own using free-hand technique was only 2.8 + 0.77 on a
5-point Likert scale. A majority of the residents denoted
lack of exposure as the main reason for their perception of
incompetency.

All residents agreed that spinal navigation is an ex-
cellent teaching tool giving direct feedback during pedicle
screw application. Accuracy and utility in difficult or de-
formed cases were the top two advantages of spinal navi-
gation mentioned by the residents. Cost and availability
were the top two disadvantages mentioned. When asked
for their personal opinion regarding which technique
among the two was the best, all of them unanimously
chose navigation-assisted pedicle screw application as the
best technique.

Objective analysis of their efficiency to identify the
most appropriate entry point for L4, S1, and T8 showed
that only 65% of residents were correct with their entry
point for L4 and 70% of residents were correct with their
entry points for S1 and T8.

DISCUSSION

Since the advent of pedicle screws, spine surgery has
grown rapidly with technological advancements to reduce
the risks associated with surgery.” Today, navigation-as-

sisted spine surgery is gaining popularity for its precision,
safety, and reduced radiation exposure for the surgeon.*""
It has made complex procedures relatively easier and risk-
free.”™” Due to its increasing availability, young orthopae-
dic and neuro surgeons are starting to grow up with spinal
navigation as a critical tool to aid spine surgery.

During residency, they usually get the opportunity
to participate and obtain real-time experience in apply-
ing navigation-assisted pedicle screws. Guiding them to
achieve perfect placement of every screw they perform is
extremely important. For this reason, the real-time feed-
back visualized in the navigation display monitor itself is
the guide. Moreover, the surgeon can also manipulate as
required and take over if necessary.

From our survey, it was evident that almost all our
orthopedic residents felt easy to use the navigation system
and even agreed that the instrumentation is relatively sim-
ple. They perceived to understand the concepts of spinal
navigation and be competent to apply pedicle screws on
their own under supervision at the end of their training.
We also noticed that our residents took only a short time
to understand, learn, and be confident about navigation-
assisted pedicle screw application. This implies that
navigation-assisted pedicle screw application is simple,
straightforward, and easy to learn.

Some would argue that overreliance on such tech-
nology will make budding spine surgeons to lose their
skill in conventional techniques like the free-hand pedicle
screw application. It requires a lot of precalculations to
achieve flawless placement of screws using the free-hand
technique." Precise knowledge of the surface anatomy



174

Kaliya-Perumal et al. Impact of Spinal Navigation on Training Residents

Clinics in Orthopedic Surgery * Vol. 11, No. 2, 2019 * www.ecios.org

and probable trajectory is mandatory;'> however, this is
not always as predefined and needs modifications accord-
ing to intraoperative circumstances, tactile feedback, and
surgeons’ perception.M’l(’) Repeated intraoperative imaging
may be required at times, which could increase the radia-
tion exposure to the surgeon.”'¥ Yet, the procedure is not
risk-free and potential pedicle breaches still remain a pos-
sibility.'”

However, all the above said difficulties of free-hand
technique of applying pedicle screws can be overcome
when the procedure becomes navigation-assisted. On
using the O-arm spinal navigation technology, the most
important axial cut is visualized in addition to the other
three-dimensional real-time views. This makes screw
placements accurate and the entire procedure become
stress-free.”” This could make young surgeons increas-
ingly dependent on spinal navigation as they grow up to
be a spine surgeon. Moreover, they completely rely on the
navigation display monitor rather than surface anatomy
and tactile feedback.

It should be remembered that accuracy of naviga-
tion needs to be checked once in a while considering that
the spine is mobile and the trackers may have moved. In
that situation, if an additional spin of computed tomogra-
phy scan must be avoided, the free-hand technique is the
only rescue. From our survey, we noticed that our resi-
dents were neither adequately trained nor confident with
the free-hand technique. Therefore, their perception of
competency using spinal navigation for pedicle screw ap-
plication was higher than using free-hand technique.

Furthermore, only 65% of residents identified the
entry point correctly in the given segments and 35% could
not do so; this was in spite of everyone admitting that they
were aware about the entry points. We believe that this
is due to overreliance on the navigation display monitor.
With growing use of spinal navigation, it is vital to prevent
this overreliance by adequately training young surgeons
on free-hand technique, so that they better understand the
entry point and trajectory.

For this, spinal navigation itself could be a better
pedagogical tool compared to other methods of teach-
ing as the residents get to visualize in real time of what
happens exactly during pedicle screw application. Con-
sidering spinal navigation as a key demonstration tool,
learning free-hand technique becomes much easier; this is
because those exposed to navigation-assisted surgery not
only know the exact anatomy of the spine but also are fa-
miliar with the possible anatomical variants. Therefore, it
becomes easy to judge the trajectory of the pedicle screw.
The only thing that they need to be familiar with is the

surface anatomy for the entry point. Once that is done,
surgical dexterity will significantly increase, and potential
complications can be avoided.

Even though this study is first of its kind, there are
certain limitations that could not be overcome. We could
only select a small cohort who were adequately trained
with spinal navigation during residency. Most of their
learning was done during surgery and an intraoperative
objective assessment of their individual ability to use spi-
nal navigation was not possible as the surgery is of high
risk and potential complications cannot be tolerated.
We also did not assess individual performance in silent
mentors (cadavers) or saw bone models. Despite these
drawbacks, our study highlights the overreliance of spinal
navigation among a selective group of residents who start
using advanced technology early in their career. This may
not be favorable under circumstances where technology
fails. Therefore, we believe it is necessary to incorporate
saw bone or silent mentor workshops to achieve compre-
hensive learning. In addition, we also encourage residents
to concentrate on surface anatomy, tactile feedback, and
finally the navigation display monitor during every screw
placement.

In summary, a survey was conducted to assess
orthopedic residents’ perception regarding navigation-
assisted pedicle screw application. All residents invariably
agreed that they understood the concepts and instrumen-
tation related to spinal navigation. They perceived to be
competent to apply pedicle screws on their own using
navigation by the end of their training. They believed
that the advantages certainly outweigh the disadvantages.
However, we noticed that they were over reliant on spinal
navigation. This may not be favorable under circumstanc-
es where technology fails. Therefore, we believe it is neces-
sary to incorporate saw bone or silent mentor workshops
to enhance understanding of anatomy. In addition, we also
encourage residents to concentrate on surface anatomy,
tactile feedback, and finally the navigation display moni-
tor during every screw placement. This will improve their
skill, performance and overall satisfaction in growing up
as a spine surgeon.
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