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Does robot-assisted navigation influence pedicle screw
selection and accuracy in minimally invasive spine
surgery?
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OBJECTIVE The accuracy of percutaneous pedicle screw placement has increased with the advent of robotic and sur-
gical navigation technologies. However, the effect of robotic intraoperative screw size and trajectory templating remains
unclear. The purpose of this study was to compare pedicle screw sizes and accuracy of placement using robotic naviga-
tion (RN) versus skin-based intraoperative navigation (ION) alone in minimally invasive lumbar fusion procedures.

METHODS A retrospective cohort study was conducted using a single-institution registry of spine procedures per-
formed over a 4-year period. Patients who underwent 1- or 2-level primary or revision minimally invasive surgery (MIS)-
transforaminal lumbar interbody fusion (TLIF) with pedicle screw placement, via either robotic assistance or surgical
navigation alone, were included. Demographic, surgical, and radiographic data were collected. Pedicle screw type,
quantity, length, diameter, and the presence of endplate breach or facet joint violation were assessed. Statistical analysis
using the Student t-test and chi-square test was performed to evaluate the differences in pedicle screw sizes and the
accuracy of placement between both groups.

RESULTS Overall, 222 patients were included, of whom 92 underwent RN and 130 underwent ION MIS-TLIF. A total of
403 and 534 pedicle screws were placed with RN and ION, respectively. The mean screw diameters were 7.25 + 0.81
mm and 6.72 £ 0.49 mm (p < 0.001) for the RN and ION groups, respectively. The mean screw length was 48.4 + 4.48
mm in the RN group and 45.6 £ 3.46 mm in the ION group (p < 0.001). The rates of “ideal” pedicle screws in the RN and
ION groups were comparable at 88.5% and 88.4% (p = 0.969), respectively. The overall screw placement was also simi-
lar. The RN cohort had 63.7% screws rated as good and 31.4% as acceptable, while 66.1% of ION-placed screws had
good placement and 28.7% had acceptable placement (p = 0.661 and p = 0.595, respectively). There was a significant
reduction in high-grade breaches in the RN group (0%, n = 0) compared with the ION group (1.2%, n = 17, p = 0.05).

CONCLUSIONS The results of this study suggest that robotic assistance allows for placement of screws with greater
screw diameter and length compared with surgical navigation alone, although with similarly high accuracy. These
findings have implied that robotic platforms may allow for safe placement of the “optimal screw,” maximizing construct
stability and, thus, the ability to obtain a successful fusion.

https://thejns.org/doi/abs/10.3171/2021.10.FOCUS21526
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strumentation has become the mainstay of fixation

in patients with thoracic or lumbar spinal deformity,
degeneration, or instability.'? Pedicle screws offer three-
column fixation of the spine; while their pullout strength
depends largely on bone quality, the screw length, diam-
eter, and thread pitch are also contributing parameters.>
Therefore, the efficacy of pedicle screw constructs, with
or without interbody devices, hinges on both appropriate

S INCE its approval in the mid-1990s, pedicle screw in-

screw selection and accuracy of placement. In general, in-
serting the longest and widest screw that may be safely
placed within the confines of the pedicle and vertebral
body will optimize fixation strength. Nevertheless, the
benefits of larger screws must be weighed against the risks
of iatrogenic pedicle fracture or injury to surrounding neu-
rovascular structures.?>~’

Screw malposition, namely, a screw with biomechani-
cally insufficient purchase or a screw that violates neuro-

ABBREVIATIONS ASA = American Society of Anesthesiologists; CCl = Charlson Comorbidity Index; ION = intraoperative navigation; MIS = minimally invasive surgery;
REDCap = Research Electronic Data Capture; RN = robotic navigation; t-EMG = triggered electromyography; TLIF = transforaminal lumbar interbody fusion.
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logical or vascular structures, remains a concern with the
use of percutaneous techniques.® The advent of surgical
navigation systems has helped mitigate these risks. More
recently, robotic navigation (RN) surgery has demonstrat-
ed safe and accurate pedicle screw placement, streamlined
workflow, and decreased radiation exposure and operative
times.>* Several studies have demonstrated the increased
accuracy of RN pedicle screw placement compared with
fluoroscopy-based techniques. However, the effect of this
technology on screw size selection has not been fully eval-
uated. Several robotic platforms allow for intraoperative
stereotactic trajectory planning, allowing surgeons to vi-
sualize screw trajectory and assess pedicle fill in real time.
The purpose of this study was to determine whether RN
screw planning allows for selection of larger and longer
screws. Additionally, the accuracy of RN screw placement
was compared with skin-based intraoperative navigation
(ION) alone.

Methods

Patient Selection

Following IRB approval, a retrospective review of a
prospectively maintained database of spine surgeries was
conducted to identify patients who underwent minimally
invasive surgery (MIS)—transforaminal lumbar interbody
fusion (TLIF). Procedures were performed between April
2017 and June 2021 via either RN or ION alone. Patients
with symptomatic single- or multilevel spinal stenosis,
with or without spondylolisthesis, or recurrent disc her-
niation, who underwent primary or revision MIS-TLIF
were included (Qureshi-Louie class II).> Those patients
with neoplasm/malignancy, fracture, or a history of trau-
ma were excluded. Bilateral percutaneous pedicle screw
instrumentation was performed in all cases, and all cases
were performed by the senior author (S.Q.). Preoperative
demographic variables, including age, sex, BMI, type of
insurance, Charlson Comorbidity Index (CCI) score, and
American Society of Anesthesiologists (ASA) classifica-
tion, were obtained.

Surgical Data

All ION procedures were performed using Stryker
SpineMask Tracker, Stryker SpineMap 3D Software, and
the Stryker NAV3i Platform (Stryker Corp.), a noninva-
sive, skin-based navigation system. All RN procedures
were performed using the ExcelsiusGPS (Globus Medical,
Inc.) RN platform. Following introduction of robotic tech-
nology at our institution in February 2019, all MIS-TLIF
cases were subsequently performed with RN by default,
unless maintenance, technical issues, or availability pre-
cluded its use. In all cases, MIS-TLIF was performed us-
ing tubular retractors and an expandable interbody cage
with iliac crest autograft with posterior pedicle screw/rod
fixation. Triggered electromyography (t-EMG) monitoring
was performed following placement of all screws, using a
nasopharyngeal EMG monitoring probe to stimulate the
screw at 10.0 mA, as an early assessment for the presence
of a breach.'®!” Final anteroposterior and lateral fluoro-
scopic images were obtained after placement of all instru-
mentation.
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The surgical data obtained included primary versus re-
vision procedure; levels instrumented; and pedicle screw
type, quantity, length, and diameter. Screw dimensions
were obtained from the patients’ electronic health record
(Epic Systems), to which all operative implant records are
uploaded. All data were collected, stored, and managed us-
ing Research Electronic Data Capture (REDCap) hosted at
Weill Cornell Medicine Clinical and Translational Science
Center supported by the NIH’s National Center for Ad-
vancing Translational Science under award number ULI
TR002384. REDCap is a Health Insurance Portability and
Accountability Act (HIPAA)—compliant web-based soft-
ware platform created to provide an organized framework
for data collection when conducting research studies.'®

ION Operative Technique

Following induction of general anesthesia and intuba-
tion, patients were positioned prone on a radiolucent table
(Jackson table with a Wilson frame). Sterile preparation
and draping were performed, and the skin-based naviga-
tion tracker was placed. A 3D fluoroscopic spin was then
performed using the Ziehm Vision RFD 3D (Ziehm Imag-
ing, Inc.) to register surgical landmarks and anatomy. The
remainder of the procedure, including pedicle screw and
interbody placement, was performed using ION guidance
with a calibrated pointer. Specifics regarding our prefer-
ence of skin-based navigation and surgical steps have been
detailed in previous literature.!*->?

RN Operative Technique

For the RN technique, induction of anesthesia, patient
positioning, and intraoperative 3D fluoroscopic spin were
similarly performed as described above. The intraop-
erative scan was then uploaded to the robotic platform,
which provides navigation and real-time instrumentation
planning software. The robot was operated in a “shared-
control” mode, allowing for both the surgeon and robotic
arm to dictate motions.”* Pedicle screw dimensions were
templated using the patient-specific intraoperative plan
and then placed using the floor-mounted robotic arm for
guidance. The remainder of the procedure was performed
using RN interbody cage placement, as described in prior
publications.*24-26

Radiographic Measurements

All patients underwent postoperative lumbar CT with
sagittal, axial, and coronal plane reconstructions. The ra-
diographic metrics evaluated included pedicle screw ac-
curacy and facet joint and/or endplate violation. For each
screw, the presence of a superior/lateral breach, inferior/
medial breach, and tip breach was assessed and graded
according to the Gertzbein-Robbins classification, the full
description of which is included in Fig. 1.8 Facet violation
and endplate breach were reported as dichotomous vari-
ables (yes/no). Lastly, each screw was assessed for overall
placement and graded according to the simplified screw
grading system?’ (Table 1). A “good” pedicle screw had
no pedicle (Gertzbein-Robbins grade A), tip, endplate, or
facet breach. An “acceptable” screw had pedicle breach
within a radiographic “safe zone” (< 4 mm superior/lat-
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FIG. 1. Representative CT scans illustrating the Gertzbein-Robbins
classification of an “ideal” intrapedicular trajectory. Grades A-E were
assigned based on deviations of a screw from this trajectory. A: Grade A
screws have no breach of the pedicle cortex in any direction. B: Grade B
delineates a screw that violates the cortex of the pedicle with <2 mm of
breach. C and D: Grade C screws involve a 2- to 4-mm cortical breach
(C), whereas grade D reflects 4-6 mm of cortical penetration (D). E:
Grade E describes a screw that contains > 6 mm of cortical breach. Re-
printed from Schatlo B, Molligaj G, Cuvinciuc V, Kotowski M, Schaller K,
Tessitore E. J Neurosurg Spine. 2014;20(6):636—643.8 Copyright AANS.
Published with permission.

eral breach or < 2 mm inferior/medial breach) or any
distance of tip breach, whereas a “poor” screw contained
any breach outside of the “safe zone” or facet joint viola-
tion involving the superior unfused level, or an endplate
breach into an unfused level. CT scans were evaluated by
three independent reviewers, an orthopedic spine fellow
and two orthopedic surgery residents, who were blinded
to cohort assignment.

Statistical Analysis

Descriptive statistics for the demographic and surgical
data include means, standard deviations, and proportions.
Pearson’s chi-square test was used to analyze categorical
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TABLE 1. Simplified screw grading system

Score Description
Good No tip, endplate, pedicle, or facet breach
Acceptable Pedicle breach w/in the radiographic safe zone

<4 mm superior/lateral pedicle breach
<2 mm inferior/medial pedicle breach
Any distance of tip breach
Poor Any breach outside of radiographic safe zone
=4 mm superior/lateral pedicle breach
=2 mm inferior/medial pedicle breach
Facet violation affecting the superior unfused level
Endplate breach into an unfused level

variables, including breach and Gertzbein-Robbins grades
to compare patients who underwent RN with those who
underwent ION MIS-TLIF. Continuous variables, includ-
ing pedicle screw diameters and lengths, were compared
using independent Student t-tests and were reported as
means with standard deviations and minimum and maxi-
mum dimensions. No nonparametric tests were used for
comparison as all continuous data were determined to be
normally distributed. All analyses were conducted using
IBM SPSS Statistics version 26.0 (IBM Corp.). All p val-
ues < 0.05 were interpreted as statistically significant.

Results
Patient Sample

Overall, 222 patients who underwent a 1- or 2-level pri-
mary or revision MIS-TLIF were included in the study.
Baseline demographic data were comparable between both
the RN and ION groups (Table 2). The RN cohort included
92 patients, most of whom underwent primary procedures
(68.5%, n = 63). The ION cohort included 130 patients,
the majority of whom also underwent primary procedures
(754%, n = 98). In both the RN and ION groups, most
cases involved 1 level (RN 82.6%, n = 76; ION 86.9%, n
= 113); L4-5 was the most commonly involved level (RN
57.4%,n = 62; ION 61.2%, n = 90), followed by L5-S1 (RN
40.7%,n = 44; ION 38.7%, n = 56) (Table 3).

Pedicle Screw Dimensions

There were 403 screws placed in the RN cohort and 534
placed in the ION cohort. Screws placed with robotic as-
sistance had both a larger screw diameter (RN 7.25 + 0.81
mm [range 5.5-8.5 mm]; ION 6.72 + 0.49 [range 5.5-8.5
mm]) and screw length (RN 48.4 +4.48 mm [range 40—60
mm]; [ON 45.6 + 3.46 mm [range 35-55 mm]) compared
with screws placed with navigation alone (p < 0.001, 95%
CI) (Table 3).

Pedicle Screw Accuracy

Based on the Gertzbein-Robbins classification of the
“ideal” intrapedicular trajectory, pedicle screw accuracy
was similar among cohorts; 88.5% (n =270) of RN screws
and 88.4% (n = 1217) of ION screws were grade A (p =
0.969). There was no statistically significant difference in
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TABLE 2. Demographic data for patients who underwent RN and
ION-alone MIS-TLIF

TABLE 4. Gertzbein-Robbins grades for RN and ION-alone MIS-
TLIFs

RN(n=92) ION(n=130) p Value Grade A GradeB GradeC GradeD GradeE

Mean age, yrs (SD) 505(121)  585(129) 0552 RN, n (%) 270(885) 27(8.9) 6(0) 2(06) 0(0)
Male sex 47 (51.1) 69 (53.1) 0.770 ION, n (%) 1217 (88.4) 95(6.9) 31(23) 16(1.2) 17(1.2)
Mean BMI (SD) 275(49)  27.9(64)  0.665 p value 0969 0235 0758 0436  0.051
Insurance type 0.208 Overall p value 0.217

Commercial/private 62 (67.4) 100 (76.9) - Pearson chi-square test statistic 5.766, df 4, p = 0.217.

Medicare 29 (31.5) 25(19.2) -

Medicaid 0 1(0.8) -

Workers’ compensation 1(11) 3(23) - 6). Similarly, there were more facet joint violations in the

Other 0 1(0.8) - RN cohort, with a rate of 5.0% compared with 1.3% in the
CCl score 0.403 ION-alone group (p = 0.0017).

01 74(80.4)  111(85.4) -

2-3 17(185)  17(13) - Discussion

24 1(11) 2(1.6) - This retrospective analysis demonstrated that pedicle
ASA class 0.881 screws with a larger diameter (mean RN 7.25 mm vs ION

I 10 (10.9) 14 (10.8) - 6.72 mm, p < 0.001) and length (mean RN 48.4 mm vs

Il 78 (84.8) 112 (86.2) - ION 45.6 mm, p < 0.001) were used in RN MIS-TLIF

m 4(43) 4(31) B compared W{th ION MIS-TLIF. Of note, this series dem-
No. of TLIF levels 0373 onstrated a higher rate of both endplate breaches and facet

: : joint violations in the RN cohort, with rates of 6.9% versus

1 76(82.6)  113(86.9) - 1.3% (p < 0.001) and 5.0% versus 1.3% (p < 0.001), respec-

2 16 (17.4) 17 (13.1) - tively. However, there were no Gertzbein-Robbins grade E
Revision 7(76) 12(9.2) 0.670 scores (= 6 mm) in the RN group, whereas there were 17

Values represent the number of patients (%) unless stated otherwise.

grade distribution across cohorts (p = 0.217). Of note, there
were no grade E screws in the RN group, while there were
17 in the ION group (p = 0.051) (Table 4). Of the screws
that were not “perfectly” intrapedicular (grades B-E),
there was a higher percentage of superior/lateral breaches
in the ION group (54.7% vs 31.4%, p = 0.243), whereas
there were significantly more inferomedial breaches in
the RN group (45.7% vs 17.0, p = 0.002) (Table 5). There
was no statistically significant difference in overall screw
placement; 63.7% and 31.4% of RN screws had good or
acceptable placement, respectively, while 66.1% of ION
screws had good placement and 28.7% had acceptable
placement (p = 0.661 and p = 0.595, respectively). Of note,
there was a 6.9% rate of endplate breach in the RN group
and a 1.3% rate in the ION-alone group (p = 0.001) (Table

TABLE 3. Pedicle screw sizes for RN and ION-alone MIS-TLIFs

in the ION group (p = 0.051). With regard to the simpli-
fied screw grading system, the rates of screws classified as
good (RN 63.7% vs ION 66.1%, p = 0.661) or acceptable
(RN 31.4% vs ION 28.7%, p = 0.595) were comparable
between both groups; there was no statistically significant
difference in overall screw placement (p = 0.839). The re-
sults from this study suggest that RN allows for the place-
ment of both larger-diameter and longer screws and that
RN systems allow for a similarly high safety and accuracy
profile when compared with ION.

The goal in pedicle screw instrumentation, regardless
of technique, is to obtain maximal osseous purchase, par-
ticularly in aging patients with poor bone quality. While
bony architecture plays a significant role in the pullout
strength of pedicle screws, prior studies have demon-
strated increased fixation strength with increasing screw
outer diameter and length.® A cadaveric study of 39 os-
teoporotic lumbar spines by Kueny et al. reported an in-
creased pullout force of 24% with a 1-mm increase in size

Total L4-5 L5-S1
RN ION p Value RN ION p Value RN ION p Value
No. of fusions 108 147 62 90 44 56
No. of screws 403 534 249 350 184 217
Mean screw diam-  7.25 (5.5-8.5) 6.72(5.5-8.5) <0.001 7.11(5.5-8.5) 6.74(6.0-8.5) <0.001 7.52(5.5-8.5) 6.68(5.5-8.5) <0.001
eter (range), mm
Mean screw length 48.4 (40-60)  45.6 (35-55) <0.001 47.8 (40-60) 45.5(35-55) <0.001 49.0 (40-60) 45.5(35-50) <0.001

(range), mm

Boldface type indicates statistical significance.
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TABLE 5. Screw deviations for RN and ION-alone MIS-TLIFs
No. of Screws (%)

Deviation RN ION p Value
Superior/lateral 11 (31.4) 87 (54.7) 0.243
Inferior/medial 16 (45.7) 27 (17.0) 0.002
Tip 8(22.9) 45 (28.3) 0.783

Boldface type indicates statistical significance. The direction of deviation is re-
ported for all screws that were not perfectly intrapedicular (Gertzbein-Robbins
grades B-E; Table 4).

(5.4 mm—6.4 mm).? Similarly, a biomechanical model by
Viezens et al. demonstrated that increasing pedicle screw
diameter, from 6 mm to 8, 9, or 10 mm, resulted in a 36%
mean increase in fatigue load; this effect was more dra-
matic in osteoporotic specimens.* While these examples
are limited in their cadaveric nature, they support the
well-accepted notion that using larger screws can enhance
construct stiffness. The effect of circumferential fixation
on obtaining successful radiographic fusion in the lumbar
spine has been well demonstrated in the literature.’*-2 In
the setting of 1- and 2-level MIS-TLIF, placement of the
“ideal” pedicle screw may maximize construct stability
and, thereby, prevent undue motion in the time it takes to
obtain interbody fusion.

Placement of larger pedicle screws entails unique con-
siderations. Namely, intraoperative fluoroscopic interpreta-
tion of pedicle screw position must consider screw length,
starting position, and trajectory. Classically, screws cross-
ing the midline on an anteroposterior fluoroscopic image
were thought to have a medial breach.’*** However, it is
the senior author’s experience that, with an “optimized”
intrapedicular path and length, clinically safe and accept-
able screws may indeed cross the midline. In Fig. 2, an
exemplary case shows intraoperative anteroposterior im-
aging demonstrating that the left L3 pedicle screw crossed
the midline lateral to medial; however, a postoperative CT
demonstrated no evidence of a medial breach. In addition,
t-EMG stimulation was performed with no response at 20
mA for the L4 or LS screws bilaterally.

Results from the present study support the growing
body of evidence demonstrating the high accuracy of
pedicle screw instrumentation with modern technology.
Historical rates of pedicle screw malposition vary signifi-
cantly, depending on the technique employed (either open
or percutaneous), the anatomical region in question, and
the use of fluoroscopy or navigation.>*-3" The definition of
a “malpositioned” screw is similarly heterogeneous. While

Shafi et al.

there are several reported grading systems, many screws
that deviate from a categorized “ideal” trajectory have
excellent biomechanical purchase. Several studies have
reported Gertzbein-Robbins grades of A and B to be clini-
cally acceptable (< 2 mm of pedicle breach).®3# Given this,
the results from this series were comparable with the prior
rates of acceptable screw placement of 80% to 100%.8:13-37:%
Interestingly, we found an increased rate of both end-
plate breach and facet joint violation in the RN group com-
pared with the ION group, with rates of 6.9% versus 1.3%
(p <0.001) and 5.0% versus 1.3% (p < 0.001), respectively.
Facet joint violation, specifically at the terminal ends of a
construct, carries the risk of increased loading, stress, and
more rapid degeneration of adjacent levels.’7404! Despite
a higher rate of facet joint violation and endplate breach
in the present RN cohort, only 4.9% (n = 5) of all the RN
screws were graded as poor; therefore, the majority of vio-
lations or breaches occurred within the fusion construct,
making their placement clinically acceptable. The rate of
poor screws was 5.2% (n = 24) in the ION group. This dif-
ference did not reach statistical significance (p = 0.882),
again demonstrating the similarity in safety profiles be-
tween the RN and ION cohorts. While the present analysis
demonstrated a higher rate of facet joint violation in the
RN cohort, these results are comparable to those of other
reported series. A recent meta-analysis assessed the safety
of robot-assisted pedicle screw placement compared with
a traditional, freehand technique. From the four included
studies, the authors reported 92% fewer facet joint viola-
tions with robotic assistance.*> Similarly, Katsevman et al.
reported a facet joint violation rate of 3.7% for 54 roboti-
cally placed screws in the lumbar spine, compared with
11.9% (5/42 screws) in their freehand, control group.’’
The present study is not without limitations. First, the
clinical impact of the larger-diameter and longer screws
used in the RN cohort remains uncertain. The biome-
chanical advantages of larger screws are well accepted
and become more essential when using interbody fusion
techniques. Obtaining successful fusion depends largely
on the stability of the overall construct, as a low-strain
mechanical environment must be maintained to facilitate
the healing process.” Optimizing this environment dur-
ing MIS-TLIF is critical since performing concomitant
posterolateral fusion is not an option, as is often used
with open TLIF#* Furthermore, prior studies have dem-
onstrated limited interbody space preparation with MIS
techniques compared with open technique.*** As such,
posterior pedicle fixation becomes more critical dur-
ing the reparative/remodeling phase following interbody
placement in MIS-TLIF. Placement of the largest screws

TABLE 6. Endplate breach, facet violation, and overall placement grades for pedicle screws for RN and ION-alone MIS-TLIFs

Endplate Breach Facet Violation Overall Placement
Yes No Yes No Good Acceptable Poor
RN, n (%) 7(6.9) 95 (93.1) 5 (5.0) 96 (95.0) 65 (63.7) 32 (31.4) 5(4.9)
ION, n (%) 6 (1.3) 449 (98.7) 6(1.3) 453 (98.7) 301 (66.1) 131 (28.7) 24 (5.2)
p value 0.001 0.0017 0.661 0.595 0.882
Boldface type indicates statistical significance.
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FIG. 2. Imaging obtained in a 72-year-old male who underwent RN MIS-TLIF for symptomatic spinal stenosis at L4-5 with as-
sociated degenerative scoliosis. A: Intraoperative posteroanterior fluoroscopic image demonstrating crossing of the midline by
the left L4 screw. B-D: Intrapedicular position was confirmed in a lateral fluoroscope image (B) as well as postoperative standing
anteroposterior (C) and lateral (D) radiographs. Again, the left L4 screw is visible crossing the midline (D). E: Postoperative axial
CT section demonstrating an intrapedicular trajectory without evidence of cortical violation.

technically possible should, in theory, provide the most fa-
vorable environment to support healing. However, future
high-fidelity studies are warranted to establish both the
clinical and radiographic utility of larger screws.

Second, all surgeries in this series were performed by
a fellowship-trained attending spine surgeon, with more
than 10 years of experience with these techniques. Simi-
larly, only one robotic platform and one navigation system
were utilized. While this provides homogeneity in surgical
workflow and screw selection, the generalizability of the
above findings may be limited. Familiarity with both the
surgical technique and robotic interface may be a require-
ment to confidently place “optimal” screws. Given the
range of experience among spine surgeons, not every user
may be able to maximize the benefits of robotic platforms
to the same extent.

Conclusions

These findings highlight the ability to visualize and op-
timize screw trajectories and dimensions intraoperatively
with robotic assistance. This may allow surgeons to better
select and place the “optimal” screw, while maintaining a
high level of safety and accuracy. While the clinical sig-
nificance of these findings will need to be fully elucidated,
the biomechanical properties offered by larger screws may
provide a more stable environment for achieving success-
ful fusion and, subsequently, improved clinical outcomes.
Furthermore, as robotic platforms become more popular,
surgeons should be comfortable and confident in their
screw selection, particularly when using sizes that they
may have previously thought too large.
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