Spine

SPINE Volume 48, Number 19, pp 1342-1347
© 2023 Wolters Kluwer Health, Inc. All rights reserved.

Comparison of Robotics and Navigation for Clinical
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Study Design. Retrospective cohort.

Objective. To compare navigation and robotics in terms of
clinical outcomes after minimally invasive transforaminal lumbar
interbody fusion (MI-TLIF).

Summary of Background Data. Although robotics has been
shown to have advantages like reduced radiation exposure, greater
screw size, and slightly better accuracy over navigation, none of
the studies has compared these two modalities in terms of clinical
outcomes.

Methods. Patients who underwent single-level MI-TLIF using
robotics or navigation and had a minimum of 1-year follow-up
were included. The robotics and navigation groups were compared
for improvement in patient-reported outcome measures (PROMs),
minimal clinically important difference, patient-acceptable symp-
tom state, response on the global rating change scale, and screw-
related complication and reoperation rates.

Results. A total of 278 patients (143 robotics, 135 navigation)
were included. There was no significant difference between the
robotics and navigation groups in the baseline demographics,
operative variables, and preoperative PROMs. Both groups showed
significant improvement in PROMs at below six and six months or
above, with no significant difference in the magnitude of
improvement between the two groups. Most patients achieved
minimal clinically important difference and patient-acceptable
symptom state and reported feeling better on the global rating
change scale, with no significant difference in the proportions
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between the robotics and navigation groups. The screw-related
complication and reoperation rates also showed no significant
difference between the two groups.

Conclusions. Robotics did not seem to lead to significantly better
clinical outcomes compared with navigation following MI-TLIF.
Although the clinical outcomes may be similar, robotics offers the
advantages of reduced radiation exposure, greater screw size, and
slightly better accuracy over navigation. These advantages should
be considered when determining the utility and cost-effectiveness
of robotics in spine surgery. Larger multicenter prospective studies
are required in the future to further investigate this subject.
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cross all fields of surgical practice, there has been a

significant shift toward the adaptation of new tech-

nologies in the operating room.! Spine surgery has
followed suit with the evolution of navigation and robotics
over the last two decades as new imaging and assistive
modalities.?™ In comparing the two modalities for lumbar
spine surgery, several studies have demonstrated the
potential benefits of robotics over navigation. Robotic-
assisted pedicle screws have been shown to have greater
accuracy'®!! and allow for greater screw diameter and
length when compared with navigation, resulting in more
optimal screw placement.!? Robotics has additionally been
shown to decrease intraoperative radiation exposure for
both the patient and surgeon compared with navigation.!3
However, although robotics may have certain advantages
over navigation, as previously described in the literature, no
prior study has assessed any resultant difference in clinical
outcomes between the two modalities.

The objective of this study was, therefore, to fill this gap
in the literature by comparing robotics and navigation to
identify any differences in patient-reported outcomes and
reoperation rates after minimally invasive transforaminal
lumbar interbody fusion (MI-TLIF).
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METHODS

Study Design and Patient Selection

This was a retrospective cohort study. After Institutional
Review Board approval, patients who underwent single-
level MI-TLIF (Qureshi-Louie class 2)'# for degenerative
lumbar spine conditions between April 2017 and January
2022 were included in the study. The data were derived
from a single-center multisurgeon prospectively maintained
database. All patients included had a minimum of one-year
follow-up. Patients were split up into two cohorts based on
the intraoperative modality: robotics (ExcelsiusGPS, Globus
Medical Inc., Audubon, PA) and navigation (Stryker
SpineMask, Stryker Corp., Kalamazoo, MI). The robotics
and navigation workflows!>131%16 and the MI-TLIF
technique!”22 were utilized, as previously described in the
literature by our group.

Data Collection and Outcome Measures

Data were collected and managed using REDCap (Research
Electronic Data Capture)?32* hosted at Weill Cornell
Medicine Clinical and Translational Science Center sup-
ported by the National Center For Advancing Translational
Science of the National Institute of Health under award
number: UL1 TR002384. Following data were analyzed:

1. Preoperative: demographic information (age, sex,
body mass index), age-adjusted Charlson Comorbid-
ity Index, and patient-reported outcome measures
(PROMs) [Visual Analog Scale (VAS) back and leg,
Oswestry Disability Index (ODI), 12-Item Short
Form Survey Physical Component Score (SF-
12 PCS)].

Comparison of the Robotics and

Navigation Groups in Demographics
and Operative Variables

Robotics Navigation P
Age (in years) 60.5+12.54 57.7+13.66 | 0.076
Sex, n (%) — — 0.253
Female 68 (47.5) 55 (40.7) —
Male 75 (52.5) 80 (59.3) —
BMI (in kg/mz) 28.52+5.43 28.22+6.45 | 0.674
Age-adjusted CClI 3.08+1.05 3+1.91 | 0.841
Type of surgery, — — 0.815
n (%)

Primary 102 (71.3) 98 (72.6) —
Revision 41 (28.7) 37 (27.4) —
Total OR time 14424 +27.62 139+34.21 | 0.232

(in min)
EBL (in mL) 67.53+78.16 | 55.62+74.32 | 0.195
Postoperative LOS 26.72+4.57 | 27.21+6.32 | 0.456
(in hours)
BMI indicates body mass index; CCl, Charlson Comorbidity Index; EBL,
estimated blood loss; LOS, length of stay; OR, operating room.
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2. Operative: modality of surgery (navigation, robot),
primary/revision surgery, total operating room (OR)
time (time from shift-in to shift out), estimated blood
loss, postoperative length of stay.

3. Outcome measures: PROMs (ODI, VAS-back and
leg, and SF-12 PCS), minimal clinically important
difference (MCID), patient-acceptable symptom state
(PASS), and global rating change (GRC).

PROMs were collected at two weeks, six weeks, 12
weeks, six months, one year, and two years after the sur-
gery. Two postoperative timepoints were defined, early
(below six months) and late (six months or above). Three
metrics for clinical improvement were utilized to analyze
postoperative outcomes—MCID, PASS, and GRC. MCID
achievement at less than six months and six months or
above was assessed by analyzing the differences in pre-
operative postoperative PROM scores. The thresholds uti-
lized for ODI, VAS-back, VAS-leg, and SF-12 PCS were
12.8, 1.2, 1.6, and 4.9, as previously described by Copay
et al>® PASS achievement was defined as an absolute
postoperative ODI score of <25.2 at six months or above
postoperatively, as previously reported by Shahi et al.2®
Finally, patient improvement at less than six months and six
months or above postoperatively was assessed via the
responses on the GRC scale?”: “Compared with pre-
operative, you feel (1) better, (2) same, or (3) worse?)”.

Statistical Analysis

Changes between preoperative and postoperative PROMs
were analyzed via paired ¢ tests. Differences in PROMSs and
other similar continuous, nonpaired variables between the
robotics and navigation groups were compared with inde-
pendent Student’s ¢ tests. Categorical variables (MCID/PASS
achievement rates, responses to GRC, complication-
[reoperation rates) were compared between groups with x*
tests or Fisher exact tests when applicable. Statistical sig-
nificance was taken at P-value <0.05. All analyses were
performed using the IBM Statistical Package for the Social
Sciences (SPSS) version 25 (IBM Corp., Armonk, NY).

RESULTS

Demographics and Operative Variables

A total of 278 patients were included. One hundred forty-
three patients (51.4%) were in the robotics cohort, and 135
(48.6%) were in the navigation cohort. No significant dif-
ferences were found between the two groups in age, sex, body
mass index, ASA class, age-adjusted Charlson Comorbidity
Index, primary/revision surgeries, total OR time, estimated
blood loss, and postoperative length of stay (Table 1).

Patient-reported Outcome Measures

There was no significant difference between the robotics
and navigation groups in the PROM scores at the pre-
operative and early and late postoperative timepoints. Both
groups showed significant improvement in all PROMs at
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Comparison of PROMs Between the Robotics and Navigation Groups

Robotics Navigation P*
VAS-back Preoperative 5.61+2.69 5.62+2.9 0.34
< 6 mo 2.8+2.33 2.88+2.48 0.793
(P<0.001)t (P<0.001)t
>6 mo 222+2.12 2.87+2.83 0.064
(P=0.01)t (P<0.001)t
VAS-leg Preoperative 5.78+2.98 5.35+3.31 0.41
< 6 mo 2.57+2.62 2.23+2.52 0.297
(P<0.001)t (P<0.001)t
>6 mo 2.18+2.59 2.01x2.81 0.666
(P<0.001)t (P<0.001)t
ODI Preoperative 40.24+17.98 39.94+£18.03 0.94
< 6 mo 24.62+18.04 27.47 +£19.43 0.234
(P<0.001)t (P<0.001)t
>6 mo 17.47 £16.3 20.48+18.22 0.21
(P<0.001)t (P<0.001)t
SF-12 PCS Preoperative 33.35+8.61 31.75+8.84 0.41
< 6 mo 37.22+9.73 37.68+10.11 0.723
(P<0.001)t (P<0.001)t
>6 mo 42.89+11,29 41.71+11.56 0.471
(P<0.001)t (P<0.001)t
*represents P-value comparing the preoperative to the postoperative values.
trepresents P-value comparing the robotics and navigation groups, bold values represent a significant P-value.
ODl indicates Oswestry Disability Index; PROMs, patient-reported outcome measures; SF-12 PCS, 12-Item Short Form Survey Physical Component Score; VAS,
Visual Analog Scale.

less than six months and six months or above compared
with preoperative (Table 2). The change scores for PROM:s
(preoperative minus postoperative) also showed no
significant difference between the groups at below six
months and six months or above, signifying a similar
magnitude of improvement (Table 3).

MCID/PASS Achievement Rates and Responses on
GRC

No significant difference was found in the MCID ach-
ievement rates for PROMs between the robotics and
navigation groups, with most patients achieving MCID at
below six months (range 53%-67%) and 6 months or

above (range: 57%-70%). PASS achievement rates at six
months or above were also statistically similar for the two
groups (robotics 73%, navigation 67%; P=0.282).
Responses on the GRC similarly showed no difference
between the groups, with most patients reporting feeling
“better” after surgery at less than six months (robotics
80%, navigation 69%; P=0.082) and six months or
above (robotics 86 %, navigation 82%; P=0.725). These
findings are demonstrated in Table 4.

Screw-related Complications/Reoperation
Only one patient in the robotics cohort (versus 0 in navi-
gation) returned to the OR for screw revision due to an

Comparison of Magnitude of Improvement Between Robotics and Navigation Groups

Robotics Navigation P
AVAS-back (mo) <6 -2.82+3.05 -2.75+3.35 0.86
>6 -3.14+2.68 -2.33+£3.62 0.08
AVAS-leg (mo) <6 -3.08+3.33 -3.21+3.71 0.774
>6 -3.44 +3.41 -3.12+4 0.55
AODI (mo) <6 -15.5+18.51 -12.74+20.41 0.283
>6 -18.67 +£16.38 -17.4+£18.96 0.616
ASF-12 PCS (mo) <6 3.63+10.91 6.25+11.8 0.09
>6 8.44+10.36 9.3+12.91 0.62
Arepresents change score (preoperative-postoperative).
,?nDall gédgcce‘zatlzs Oswestry Disability Index; PROMs, patient-reported outcome measures; 12 PCS, 12-Item Short Form Survey Physical Component Score; VAS, Visual
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Comparison of MCID/PASS
Achievement Rates and Responses on

the GRC Scale Between the Robotics
and Navigation Groups

Robotics | Navigation
(%) (%) P
<6 mo MCID ODI 56.3 52.8 0.584
MCID VAS-Back 66.6 65.6 0.863
MCID VAS-Leg 62.7 60.1 0.688
MCID SF-12 PCS 59.4 57.7 0.86
GRC
Better 80 69.3 0.082
Same 10.4 18.3 0.436
Worse 9.6 12.4 0.581
>6 mo MCID ODI 65.5 62.1 0.619
MCID VAS-Back 69.6 59 0.123
MCID VAS-Leg 63.6 57.2 0.364
MCID 62.1 66.3 0.55
SF-12 PCS
PASS 73.4% 66.6% 0.282
GRC
Better 85.7 81.7 0.725
Same 8.3 7.3 0.673
Worse 6 11 0.44
GRC indicates global rating change; MCID, minimal clinically important
difference; ODI, Oswestry Disability Index; PASS, patient-acceptable symp-
tom state; SF-12 PCS, 12-Item Short Form Survey Physical Component Score;
VAS, Visual Analog Scale.

inferior right LS pedicle breach that led to postoperative
neurological symptoms. Reoperation rates between the
robotics and navigation groups were not statistically dif-
ferent, though the rate of reoperation was lower for the
robotic group (5.5% wvs. 10.3%; P=0.14) (Table 5).

DISCUSSION

Spine surgery has seen the advent and evolution of navigation
and robotics as intraoperative enabling technologies over the
last two decades. Although a few comparative studies between
navigation and robotics have been conducted, they have
focused on differences in screw accuracy, screw size, radiation
exposure, and time demand, and none have assessed the
potential difference in eventual clinical outcomes.'%13 The
current study, therefore, attempted to compare these two
modalities in terms of clinical outcomes after one-level MI-
TLIF. The findings suggested that there were no significant
differences between navigation and robotics in the improve-
ment in PROMs, MCID/PASS achievement rates, responses on
the GRC scale, and reoperation rates.

There is reasonable evidence in the spine literature that
supports the proposed benefits of robotics. A recent sys-
tematic review conducted by McKenzie et al*® included
34 articles and reported superior pedicle screw accuracy
and less radiation exposure with robotics compared

Spine

with freehand. Similarly, two other meta-analyses also
demonstrated significantly better pedicle screw accur-
acy with robotic assistance compared with fluoroscopic
guidance.?’30 Bederman et al,3' in their retrospective
review of 36 patients undergoing revision spinal fusion
under robotic guidance, found a high pedicle screw accu-
racy and suggested the potential benefit of robotics in
navigating altered bony anatomy. Zhang et al*? conducted
a prospective cohort study of 100 patients undergoing
pedicle screw placement and reported significantly less
superior-level facet violations (5.8% vs. 27.3%) and larger
screw-facet distance (4.16 vs. 1.92 mm) with robotics
compared with fluoroscopic guidance. Recent meta-analy-
ses also reported decreased proximal facet violation
with robotic assistance compared with the freehand
technique.30-33

In addition to the literature on the comparison of
robotics with traditional fluoroscopy, a few recent studies
have also compared it with navigation. Yu et al'® con-
ducted a study on 24 spine models and concluded that
robotics was more accurate and efficient than navigation
in screw placement. In their preliminary results of a
randomized prospective study, Roser et al'' also showed
higher accuracy for robotic versus navigated pedicle screw
placement (99 vs. 92%). Although it has not been shown
to decrease dangerous breaches or screw-related compli-
cations compared with navigation, multicenter prospective
studies are required to provide evidence concrete enough
to make a definitive comment on this. Our group recently
published two retrospective cohort studies on the com-
parison of navigation and robotics for lumbar spine sur-
gery. The first study included 222 patients undergoing
MI-TLIF and compared navigation and robotics in terms
of pedicle screw accuracy, length, and diameter.!> We
found that robotics allowed for the placement of screws
with greater diameter and length. This, in turn, may
increase the stability of the construct and provide a more
optimal biomechanical environment for successful fusion.
The second study included 244 patients undergoing MI-
TLIF and compared navigation and robotics in terms of
intraoperative radiation exposure and time demand.'3 We
found that radiation exposure was significantly reduced
with robotics compared with navigation, and the total OR
time had no significant difference between the two
modalities. However, we did not analyze our patient
population for the potential difference between robotics
and navigation in the eventual clinical outcomes. The
current study attempted to do so and found that the
clinical outcomes at below six months and six months or
above after MI-TLIF were similar for the two modalities.
This shows that even though robotics in spine surgery may
have the advantages of higher screw accuracy, greater
screw size, and reduced intraoperative radiation exposure
over navigation, it does not lead to a significant difference
in patient-reported outcomes.

There are several limitations of this study. The retro-
spective design reduces the level of evidence. Data were
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Comparison of Robotics and Navigation Groups in Screw-related Complication and

Reoperation Rates

Robotics Navigation P

Return to OR for screw revision 1 0 —
Reoperation, n (%) 8 (5.5) 14 (10.3) 0.14

5—pseudarthrosis 8—pseudarthrosis —

3—ASD 4—ASD —

2—cage migration —

ASD indicates adjacent segment disease; OR, operating room.
collected at a single center, which limits the generalizability of 4. Alluri RK, Sivaganesan A, Vaishnav AS, et al. Surface navigation

the findings. Confounding variables may exist due to the

multisurgeon nature of the database. The minimum follow- 5
up in this study was one year (maximum two years), and
studies with longer follow-ups are required to assess long-
term outcomes and complications. Our outcome measures of
MCID, PASS, and GRC are associated with a few draw-

backs. MCID and PASS have been shown to be dependent on 7.

the preoperative baseline,>* and GRC has been associated
with recall bias.>’ Finally, we believe that spinal robotics is
still evolving and advancing and, as such, continuous
research is required to establish its full utility and potential.

In conclusion, robotics did not seem to lead to significantly 9.

10.

better clinical outcomes compared with navigation after MI-
TLIF. Although the clinical outcomes may be similar, robotics
offers the advantages of reduced radiation exposure, greater

screw size, and slightly better accuracy over navigation. These ~ 11-

advantages should be considered when determining the utility |,
and cost-effectiveness of robotics in spine surgery. Larger
multicenter prospective studies are required in the future to
further investigate this subject.

14.

> Key Points

Q This study compared navigation and robotics in

terms of clinical outcomes after minimally 1s.
16.

invasive transforaminal lumbar interbody fusion
(MI-TLIF).

O Robotics and navigation led to similar clinical

outcomes following MI-TLIF. 17.

O There were no significant differences between

the two groups in the improvement in PROMs, 18.

MCID/PASS achievement rates, responses on GRC,
and screw-related complication/reoperation rates.

19.
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