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sizes while still improving safety as indicated by elevated triggered
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Abstract

The present study used triggered electromyographic (EMG) testing as a tool to determine the safety of pedicle screw place-
ment. In this Institutional Review Board exempt review, data from 151 consecutive patients (100 robotic; 51 non-robotic)
who had undergone instrumented spinal fusion surgery of the thoracic, lumbar, or sacral regions were analyzed. The sizes of
implanted pedicle screws and EMG threshold data were compared between screws that were placed immediately before and
after adoption of the robotic technique. The robotic group had significantly larger screws inserted that were wider (7 +0.7
vs 6.5+0.3 mm; p<0.001) and longer (47.8 +6.4 vs 45.7+4.3 mm; p <0.001). The robotic group also had significantly
higher stimulation thresholds (34.0+11.9 vs 30.2+9.8 mA; p=0.002) of the inserted screws. The robotic group stayed in
the hospital postoperatively for fewer days (2.3 +1.2 vs 2.9+ 2 days; p=0.04), but had longer surgery times (174 +37.8 vs
146 +£41.5 min; p <0.001). This study demonstrated that the use of navigated, robot-assisted surgery allowed for placement
of larger pedicle screws without compromising safety, as determined by pedicle screw stimulation thresholds. Future studies
should investigate whether these effects become even stronger in a later cohort after surgeons have more experience with
the robotic technique. It should also be evaluated whether the larger screw sizes allowed by the robotic technology actually
translate into improved long-term clinical outcomes.
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Introduction

Pedicle screw fixation in spinal surgery is a widely accepted
procedure to correct spinal alignment, provide stabilization
following neural decompression, and allow fusion to occur
[1-6]. Pedicle screw placement in the lumbar and lower
thoracic areas provides spinal fixation while decreasing the
risk of postoperative complications [2, 7]. However, the
pedicle is surrounded by many sensitive biological entities
such as the nerve roots, and these are usually not completely
visualized during pedicle screw insertion. Pedicle screw
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misplacement may therefore lead to peripheral nerve injury
in the lumbosacral spine [7, 8]. This occurs in approximately
4.2% of patients, and nerve injury may lead to serious post-
operative motor and sensory deficits along with patient
immobility, discomfort, and pain [7-9].

Computer-assisted navigation and surgical robotics are
becoming increasingly common because they offer the
abilities to direct and confirm pedicle screw placement with
increased accuracy. These technologies also may decrease
radiation exposure to the surgical staff, and decrease surgery
and recovery time [10-12].

Triggered electromyograph(ic) (EMG) or pedicle stimula-
tion is a technique that involves the electrical stimulation of
a pedicle opening or screw to evoke muscle action potential
and subsequent contractions of muscle fibers that can be
recorded by carefully placed electrodes [13]. The number of
milliamps required to evoke a muscle response can be meas-
ured as a threshold value, and this value will differ depend-
ing on the proximity of the stimulation source to the nerve
root, as well as the conductivity of the intervening tissue.
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High stimulation thresholds indicate a safe screw place-
ment due to increased resistance to current flow, whereas
low stimulation thresholds are indicative of a pedicle screw
breach, or proximity to an exiting or traversing nerve root
[14—16]. Studies have shown that the use of EMG monitor-
ing may increase the safety of pedicle screw placement by
detecting pedicle wall breaches, and may thereby minimize
the risk of patient injury [14, 17] (Fig. 1).

Although previous studies in the literature have inves-
tigated the accuracy of screws placed with the assistance
of robots [18-20], studies exploring the safety of robotic-
assisted screw placement are limited. To the authors’ knowl-
edge, this is the first study to compare EMG stimulation
threshold (STIM) data of patients who underwent spinal
fusion surgery with robot-navigated assistance to that of
patients who had spinal fusion surgery without the use of
robotic technology. The purpose of this study is to retro-
spectively compare the sizes of inserted pedicle screws and
STIM measurements between robotic versus non-robotic
cohorts.

Materials and methods

A retrospective institutional review board-exempt study
was conducted of 151 consecutive patients who underwent
instrumented spinal fusion surgery of the thoracic, lumbar,
or sacral regions at a single facility. The first 100 patients
who underwent surgery at this location with navigated,
robotic assistance utilizing the ExcelsiusGPS® robot (Globus

Fig. 1 Stimulation of a travers-
ing nerve root in the spinal
canal by the probe through a
medial pedicle wall breach.
The muscles innervated by the
nerve root will have an evoked
potential picked up by electro-
myogram
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Medical, Inc., Audubon, PA, USA) were compared to the 51
patients who underwent free-hand/fluoroscopically guided
surgery immediately prior to adoption of this robotic tech-
nique. All of the surgeries occurred between May 2017 and
December 2018. The robotic technique was implemented
in December 2017, and so all surgeries in the study after
that point were performed with robotic assistance. All adult
patients who had undergone spine surgery with posterior
stabilization were included in the study to encompass the
first 100 robotic patients and as far back as possible prior
to robot adoption for which triggered EMG threshold val-
ues were able to be obtained. A midline open surgical tech-
nique was performed in all 51 non-robotic and in 69 of the
100 robotic surgeries, while the remaining surgeries used a
Wiltse paraspinal minimally invasive approach [21]. Data
were collected retrospectively from patient records without
any identifying information. Patient demographics, intra-
operative, and EMG threshold data were analyzed. STIM
measurements were obtained by placing the stimulation
probe on the shaft of the screw after the screw had been
inserted. STIM measurements that were recorded intraop-
eratively as a range were entered in the final analysis as the
lowest value in the range.

Navigated, robot-assisted pedicle screw positioning
system

All screws in the robotic group were inserted utilizing the
robot positioning system (Excelsius GPS®; Globus Medi-
cal, Inc. Audubon, PA, USA). This system uses real-time
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surgical navigation and robotic direction in conjunction with
a dynamic reference base and positioning camera to guide
pedicle screw placement. This system allows for preopera-
tive planning, followed by robotic-assisted intraoperative
implant placement with navigated instruments.

Statistical analysis

Data were analyzed using SPSS v20.0.0 software for Win-
dows (IBM Corp., Armonk, New York). Demographic data
such as age and body mass index (BMI) were reported as
averages, while gender and diagnosis were reported as fre-
quencies. Intraoperative data such as surgical time, radiation
time, blood loss, and length of stay were reported as aver-
ages, while treatment type, surgical level and intraoperative
complications were reported as frequencies. Parametric and
nonparametric tests were used to assess differences between
groups. Statistical significance level was set at 0.05.

Results

The most common indications for fusion surgery were
degenerative spondylolisthesis and stenosis (64%) followed
by iatrogenic instability (16%).

Demographic characteristics were similar between the
robotic and non-robotic groups (Table 1). Fifty-four percent
of patients in the robotic and 55% in the non-robotic group
were female. The mean patient ages were 63 and 64 for the
robotic and non-robotic groups, respectively. The mean
patient BMIs were 31.2 and 29.7 kg/m? for the robotic and
non-robotic groups, respectively.

Operative data and differences between groups can
be found in Table 2. No significant differences between
groups were observed for fluoroscopy time or blood loss.
Postoperative hospital stays for the robotic group were sig-
nificantly shorter than for the non-robotic group (2.3+1.2
vs 2.9 + 1.9 days; p=0.04), while the non-robotic group
had significantly shorter operative times (174 +37.8 vs

Table 1 Patient demographics

Robot No robot p value

Number of patients 100 51
Gender

Female, n (%) 54 (54%) 28 (55%)

Male, n (%) 46 (46%) 23 (45%)
Age (mean +SD) 63+112 64+122 0.64
BMI (mean + SD) 31+6.3 30+6.7 0.19
Mean number of screws/case 4.5 4.7 0.83
Mean number of vertebrae/case 2.3 24 0.77

n number, BMI Body mass index, SD standard deviation

1009
Table 2 Surgical data
Robot Non-robotic p value
Operative time (minutes) 174 +37.8 146 +41.5 <0.001%*
Fluoroscopy time (sec- 14+6.5 13.4+7.1 0.66
onds)
Blood loss (cc) 129.1+83.31 111.76+98.42 0.26
Days in hospital 23+12 29+19 0.04
Screw diameter (mm) 7+0.7 6.5+0.3 <0.001*
Screw length (mm) 47.7+6.4 45.7+4.3 <0.001*
STIM threshold (mA) 34+11.9 30.2+90.8 0.002%*

Data presented as mean +standard deviation. Values were considered
significant if p <0.05

STIM stimulation

146 +41.5 min; p <0.001). The robotic group had a mean
of 4.5 screws and 2.3 vertebrae per patient, whereas the non-
robotic group had a mean of 4.7 screws and 2.4 vertebrae
per patient.

There were 434 pedicle screws analyzed in the robotic
group and 243 screws analyzed in the non-robotic group.
The screw diameter and length were significantly greater
in the robotic group compared to the non-robotic group
(p <0.001). Of the pedicle screws with STIM data avail-
able (619 screws), STIM threshold values for the robotic
group were significantly higher than for the non-robotic
group (n=432;34.0+11.9 mA, and n=187; 30.2+9.8 mA,
respectively; p=0.002).

No complications occurred that were attributable to
robotic technique. There were no implant failures and no
revision or removal of implants within 1 year after the sur-
gical dates for any patients. Within 1.5 years of the surgical
dates, 1 patient in the non-robotic group suffered bilateral
S1 pedicle screw fractures with pseudoarthrosis and required
revision fusion surgery. No robotic surgery patients required
hardware revision within 1.5 years of follow-up.

Discussion

The present study compared pedicle screw sizes and place-
ment safety using threshold stimulation measurements in
patients who had surgery with or without robotic technol-
ogy. Based on STIM values, it appears that robotic guidance
allows for safe placement of pedicle screws as demonstrated
by average STIM threshold. This held true even though, on
average, 0.5 mm larger screws, which have the greatest risk
of pedicle breach, were placed in the robotic group.

It is a common strategy to utilize pedicle screw fixation
to stabilize the thoracic and lumbar spine in the instru-
mented correction of spinal pathologies [2, 22, 23]. Mispo-
sitioned pedicle screws may lead to a number of potentially
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life-threatening complications such as neurovascular dam-
age, dural tearing, pain, and excessive bleeding, among oth-
ers [24]. The free-hand technique with fluoroscopic guid-
ance is currently the most utilized method of pedicle screw
implantation. However, there are numerous disadvantages
to this approach such as increased intraoperative radiation
exposure and the potential of violation of facet joint during
screw insertion (with less accurate screw positions) com-
pared to robot-assisted surgery [24, 25].

Intraoperative validation of pedicle screw position is
an extremely useful strategy for verifying screw position.
One technique to check screw position is triggered EMG
testing. Numerous studies have investigated the reliability
of triggered EMG testing for identifying potential mispo-
sitioned screws, reporting a specificity of 0.94 [26]. Using
triggered EMG testing provides the surgeon with real-time
monitoring of potential hazards. Electrical stimulation near
anerve causes a subsequent muscle action potential from the
myotomes innervated by the nerve roots close to the stimu-
lated instrument [13]. Therefore, a positive response at a
relatively low threshold is indicative of pedicle wall breach,
and is considered a warning sign of poor implant position
and potential neurologic injury [14, 15].

In recent years, robotic guidance systems have been
developed as a means to decrease pedicle screw misposition-
ing. This is accomplished through the robot’s ability to use
real-time image guidance and navigational capabilities [10,
20, 27-29]. Many studies claim that robotic guidance during
surgery allows for improved screw placement with up to 99%
screw placement accuracy, while others have reported equal
or less accurate placement when comparing other methods
of screw insertion with robotic technology [18-20, 30, 31].
These inconsistencies necessitate the need for studies such
as this one to investigate the safety of using robotic technol-
ogy in spinal surgery.

Results of the present study suggest that the use of
robotic technology increases operative time by about
30 min. However, it should be noted that this study focused
on the initial 100 consecutive patients after adoption of
robotic technology. There is likely a learning curve associ-
ated with incorporating robotic technology, and operative
times typically decrease with more experience and newer-
generation software. For example, there was a significant
difference (p <0.01) in the average operative time in the
robotic group between the first 14 cases of minimally inva-
sive, one-level transforaminal fusion (TLIF) (177 min) and
the last 14 cases (131 min). Additionally, by adopting the
robotic technology, the surgeon could do more MIS sur-
geries so that a remarkable number of minimally invasive
surgeries (one-third of the cohort) were performed in the
robotic group, and that could have influenced the change
in operative times. Patients who underwent surgery with
the use of robotic technology had fewer postoperative days
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in the hospital compared to the non-robotic group. This
finding is likely mostly due to the presence of minimally
invasive cases in the robotic group, as minimally invasive
approaches have been associated with shorter-length hos-
pital stays [32]. While there was no significant difference
in the length of hospital stays between robotic and non-
robotic open cases (p =0.18), the MIS robotic patients had
significantly shorter lengths of stay compared to the open
non-robotic cases (2.3 vs 2.9 days, respectively; p =0.04).

This is the first study to use triggered EMG thresholds
to compare pedicle screw placement in spinal surgery
between robotic and non-robotic surgical patients. These
thresholds can be seen as a surrogate marker of the safety
of the implanted screw position. Based on the operative
findings (Table 2), screw diameter and length were sig-
nificantly greater in the robotic group. The use of larger
screws is advantageous because it allows for increased sta-
bility [33, 34]. However, larger screw size can translate
to increased risk of screw misplacement because there is
less room for error [35]. Additionally, screws with wider
diameters also have less electrical resistance, and this also
could potentially lower the STIM threshold. Despite this,
the robotic group still had significantly higher STIM val-
ues compared to the non-robotic group (p =0.002), sug-
gesting that surgeons may be able to use larger pedicle
screws without compromising safety by utilizing robotic
technology.

There are inconsistencies in the literature with regard to a
STIM safety threshold [36, 37]. However, it does appear that
most authors hover around 8 mA as a threshold to denote
what is considered safe for the patient, with anything below
8 mA being potentially harmful, especially with the lumbar
pedicle screws in which the test has a higher sensitivity and
specificity [13, 37, 38]. Screw placement was acceptable
and considered safe in both cohorts based on the average
STIM thresholds (34 and 30 mA). Howeyver, since there were
significantly higher STIM scores in the robotic group even
though the screws were significantly larger, these results
suggest that robotic assistance allows for larger screws to be
placed without compromising patient safety.

These results should be interpreted within the confines
of study limitations. The generalizability of these results
is limited, as the current study is a retrospective review of
data from a single surgeon at a single facility. These data
suggest that the robotic technique may limit future problems
and the need for additional surgery, since one patient in the
non-robotic group required revision surgery within 1.5 years
after the primary surgery, while no robotic surgery patients
required revision within the same time frame. Future stud-
ies are needed, however, to determine conclusively if the
larger pedicle screw sizes made possible with robotic tech-
nology actually translate into improved long-term clinical
outcomes. The high STIM thresholds in this study suggest
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that the robotic technique allows for insertion of large screws
without compromising safety.

Conclusion

The results of the present study indicate that the use of
robotic navigation and guidance during spinal surgery allows
larger pedicle screws to be inserted without compromising
safety, as determined by the surrogate marker of STIM
threshold values.
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