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ABSTRACT

Introduction: Incorrect placement of
traditional freehand pedicle screws may
result in dural rupture, nerve damage, and
other issues. Robot-assisted pedicle screw
insertion has significantly evolved in recent
years. However, there were still uncertainty
whether robot-assisted treatments are better
than freehand approaches in terms of post-
operative  clinical outcomes. This
metanalysis was conducted to compare the
short-term clinical outcome between the
robotic surgery and free hand screw
placement technique.

Methods: Systematic review was conducted
with the Preferred Reporting Items of
Systematic Reviews (PRISMA) guidelines
with studies i from 2018 until 2023. All
studies that compared the robotic surgery
and freehand pedicle screw placement in
spinal surgery will be included. Outcome
parameters analyzed were  Oswestry
disability index (ODI), visual analog scale
(VAS) score, duration of surgery, and
intraoperative blood loss. Heterogeneity was
assessed using 1° test, risk of bias was
assessed using funnel plot, and analysis of
comparison was done using the Review
Manager Version 5.4.

analysis showed VAS with MD=0.20
95%I1C=0.16-0.23 p<0.00001, ODI with
MD=4.92 95%IC=4.72-5.12 p<0.00001,
duration of surgery with MD=1.73
95%I1C=0.85-2.61 p=0.00001, intraoperative
blood loss with MD=-8.83 95%IC=(-11.56)-
(-6.10) p<0.00001). From the four
parameters, it  showed  statistically
significant differences but considerable
heterogeneity.

Conclusion: Robotic surgery gave better
result in terms of VAS, ODI, duration of
surgery, and intraoperative blood loss.
However, this study still could not be
applied extensively because of the
considerable heterogeneity.

Keywords: robotic spine surgery, pedicle
screw placement, minimally invasive
surgery

INTRODUCTION

Pedicle screw placement is crucial in spine
surgery because it provides stabilization in
the reconstruction and controlled the fixed
3-column control. The traditional freehand
technique is currently utilized as the primary
way of placing pedicle screws. However,
the operator's range of vision and posture
are constrained by the available space in the

Results: Eight studies involved in this study  traditional  freehand  screw insertion
with total samples of 2,381. Quantitative procedure. This might reduce screw
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placement accuracy and result in pedicle
violations. Incorrect placement of traditional
freehand pedicle screws may result in dural
rupture, nerve damage, and other issues. It
varies from 3% to 55% in the thoracic spine
and from 5 to 41% in the lumbar spine.
Moreover, robot-assisted pedicle screw
insertion has significantly evolved in recent
years and several clinical cases have
demonstrated its advantages over freehand
screw placement such as increased precision
and less intraoperative bleeding. The usage
of artificial intelligence in robot-assisted
machine had helped a lot in the spinal
surgery.t?

Nonetheless, uncertainty still persists on
whether robot-assisted treatments are better
than freehand approaches in terms of post-
operative clinical outcomes. Although,
several reviews and meta-analyses have
specifically addressed this problem. This
metanalysis was conducted in order to
ascertain if the robot-assisted pedicle screw
insertion approach delivers a benefit in
short-term clinical results compared to the
freehand screw placement technique.

MATERIALS & METHODS

This systematic review was conducted in
accordance with the Preferred Reporting
Items of Systematic Reviews (PRISMA)
guidelines.® Studies were identified through
an electronic systematic search of PubMed,
Embase (Elsevier), Cochrane Central
(Wiley), Scopus (Elsevier), and
ClinicalTrials.gov. The search keywords
used were related to “robotic”, “pedicle
screw”, “spinal surgery” using Boolean

operator AND and OR. We limited the
studies from 2018 until 2023 used in this
study to ensure the source was updated and
relevant with the current situation. Resulting
studies were screened by the relevance of
titles and abstracts. We excluded articles
that published in non-peer- reviewed
journals, lack of an abstract, and duplicates
of already included papers. All studies that
compared the robotic surgery and freehand
pedicle screw placement in spinal surgery
will be included.

Data that was extracted including authors’
name, publication year, region, sample, and
summary of outcomes. Qualitative data that
reported 95% confidence interval (Cl) and
significant p value < 0.05 from the summary
of outcomes will be analysed if there were
more than equal to two articles that had the
same measurements. Outcome parameters
analysed were Oswestry disability index
(ODI), visual analog scale (VAS) score,
duration of surgery, and intraoperative
blood loss. Heterogeneity was assessed
using 12 test, risk of bias was assessed using
funnel plot, and analysis of comparison was
done using the Review Manager Version
544

RESULT
There were eight studies involved in this
study. Five studies were randomized

controlled trial, while the other were
retrospective studies. Two studies used
Renaissance machine while the others used
Tianji Robot (TiRobot). Results could be
seen in Table 1.

Table 1. Tabulated study results

Study Study Design Country | Robot Type
Cui GY 2021° Randomized Controlled Trial | China TiRobot ®
Fan M 2020° Randomized Controlled Trial | China TiRobot ®
Feng S 20207 Randomized Controlled Trial | China TiRobot ®
Kim HJ 20188 Randomized Controlled Trial | Korea Renaissance ©
Lin S 2020° Retrospective study China TiRobot ®
Tian Y 2020% Retrospective study China Renaissance ®
Zhang QI 2019*! | Randomized Controlled Trial | China TiRobot ®
Zhang TT 2021*2 | Retrospective study China TiRobot ®
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Identifying literature through
PubMed, Embase (Elsevier),
Cochrane Central (Wiley), and
ClinicalTrial.gov (n=4830)

Excluding literature with
publication year above 5 years
and duplicated literature
(n=1930)

A 4

!

Literature screening publication year

Excluding through title and abstract
o | that didn’t meet inclusion and

(n=2900)

v

Literature screening of title and

Literature included in systematic
review (n=8)

abstract (n=25) —»{ inclusion criteria (n=9)
\4
Reports excluded:
Full text literature assessed for Did not compare head to head
eligibility (n=16) —_— (n=10)

exclusion criteria (n=2875)

Excluding literature that didn’t meet

Presented the data in median and
interquartile (n =7)

Figure 1. PRISMA Flowchart

Results

Visual Analog Scale (VAS)

Six studies with 410 samples from the
robotic group and 454 from the free hand
group were involved in the analysis of VAS.
It was found that there was a significant

difference (MD=0.20 95%IC=0.16-0.23
p<0.00001). Heterogeneity test showed
considerable heterogeneity and statistically
significant (1°=99% p<0.00001). It was
supported by the funnel plot that showed
asymmetry distribution.

Robotic Free Hand Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Cui Gy 2021 488 027 40 383 027 40 859%  0.85[0.83,1.07] -
Feng 5 2020 48 0.41 23 28 054 25 17%  200[1.73,2:27] I
Kim HJ 2018 26 31 33 31 31 37T 01% -0.50[-1.95 095
Lins 2020 21 029 132 17 035 158 229%  040[0.33, 047 L
Tiany 2020 417 025 160 416 021 170 48.8% 0.01 [-0.04, 0.06] [ |
Zhana TT 2021 286 018 22 2896 015 24 16.5% -0.10[-0.18,-0.01] *
Total (95% CI) 410 454 100.0%  0.20 [0.16, 0.23] f
Heterogeneity, Chi*= 45574, df= 5 (P = 0.00001); F=949% 52 |1 b 15 é

Testfor overall effect: Z=11.03 (P = 0.00001)

Robotic Free Hand
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Oswestry Disability Index (ODI) p<0.00001). Heterogeneity test showed

Five studies with 280 samples from the
robotic group and 300 from the free hand
group were involved in the analysis of ODI.
It was found that there was a significant

considerable heterogeneity and statistically
significant (1°=100% p<0.00001). It was
supported by the funnel plot that showed
asymmetry distribution.

difference  (MD=4.92 95%IC=4.72-5.12
Robotic Free Hand Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% Cl
Cui GY 202 |z 23 361 203 24 28% 310([1.93,4.27] -
Feng 5 2020 4815 1.36 40 1 184 40 8.4% 4714 [46.51, 47.79] -
Kim HJ 2018 W02 154 33 18 13T a7y 01%  -1.60[859, 539 1
Lin 52020 158 2941 24 a0 293 28 1.8% 5.80([4.21,7.39] -
Tian 2020 20061 1.09 160 2024 0.84 170 B62% 0.37[016, 0.58] .
Total (95% Cl) 280 300 100.0% 492 [4.72,512] |
Heterogeneity, Chi =l185?8.56, df=4 (F=0.00001) F=100% -'SD _2-5 b 2|5 Sﬁ
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Duration of surgery
Seven studies with 241 samples from the
robotic group and 257 from the free hand

group were involved in the analysis of
surgery duration. It was found that there was

a

significant

difference

(MD=1.73
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95%I1C=0.85-2.61

p=0.00001).
Heterogeneity test showed considerable
heterogeneity and statistically significant

distribution.

(1?=96% p<0.00001). It was supported by
the funnel plot that showed asymmetry

Robotic Free Hand Mean Difference Mean Difference
Study or Subgroup  Mean  SD Total Mean  SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Cui GY 2021 1381 112 23 1022 74 25 27% 3290[27.54, 38.26] -
Fanm 2020 220 7508 61 210 5268 BB 0.2% 10.00F1272 3277 E
Feng 52020 196.29 6285 40 23063 55.06 40  01% -34.38[60.27,-8.49]
Lin & 2020 130 21 24 110 18 28 0.7%  2000[9.27 30.73] m—
Tian ¥ 2020 9865 12.01 28 10264 1114 30 2.2% -3.99 [-9.96, 1.98] -
Zhang @1 2019 1653 588 43 1547 46 44 0.2% 10.60[11.64, 32.84] S —
Zhang TT 2021 11731 183 22 11646 105 24 94.0% 0.85[-0.06, 1.76] .
Total {95% CI) 241 257 100.0% 1.73[0.85, 2.61] 1
S iR _ R , , , ;
Heterageneity: Chi -l156.91,df-B(P<D.DDDD1),I = 96% 20 R 0 B a0
Testfor overall effect 2= 3.85 (P=0.0001) Robatic Free Hand
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Intraoperative blood loss 6.10) p<0.00001). Heterogeneity test

Six studies with 210 samples from the
robotic group and 229 from the free hand
group were involved in the analysis of VAS.
It was found that there was a significant

difference (MD=-8.83 95%IC= (-11.56) -(-

showed considerable heterogeneity and
statistically significant (12=99% p<0.00001).
It was supported by the funnel plot that
showed asymmetry distribution.

Robotic Free Hand Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% Cl
Cui GY 2021 18756 184 16 3321 235 26 4A% -14460[157.49,-131.71] -
Fanh 2020 220 7AO0E B1 210 5286 BB 1.4% 10,00 [-12.75, 32.74] T
Feng 5 2020 165 102.03 40 2375 16747 40 02%  -7250[133.27,-11.73 I
Tiany 2020 10868 1481 28 11001 1556 30 12.4% -0.33F8.07, 7.41] 1
Zhang Q12019 1872 952 43 3732 3203 44 0% -186.00[-284.83,-87.17]
Zhang TT 2021 9609 518 22 8875 A28 24 814% -2 Bfi [-5.68, 0.36] [ |
Total {95% Cl) 210 229 100.0% -8.83 [-11.56, -6.10] |
Heterageneity: Chi* = 466.02, df= § (P = 0.00001); F= 99% -2’00 ; IDD ] 150 250

Testfar overall effect: £=6.34 (P <= 0.00001)

Robotic Free Hand
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DISCUSSION

During spinal surgery, a spine surgeon
needs to have a steady hand and thorough
skills. The complex surgical procedures
could reduce the accuracy of the pedicle
screw placement.'® Robotic surgery was an
approach where surgeon would be assisted
with robot to place the pedicle screw.
Therefore, this robot would not replace fully
the operator. There was other several
systems including Mazor X Stealth Edition
Robotic Guidance System® by Medtronic,
TiRobot® system  TINAVI  Medical
Technologies Co. Ltd., ROSA® robot by
Medtech, ExcelsiusGPS® robot by Globus
Medical, and the SurgiBot® and ALF-X
Surgical Robotic® systems from
TransEnterix ~ which depended on
navigation-based systems that need an
optical tracking device or relied on the
preoperative plan. An artificial intelligence
program aided the preoperative planning
that ran on the workstation. While leaving
the actual execution of the surgical process
in the surgeon, robot-assisted systems guide
the surgeon to the proper position and aid in
improving precision. 4

There were eight studies involved in this
study with total samples of 2,381. From the
four parameters, it showed differences
which was statistically significant. The
author inferred from this quantitative
analysis that robotic surgery gave better

100 200

result in terms of VAS, ODI, duration of
surgery, and intraoperative blood loss.

This study was accordance with a meta-
analysis by Li Y in 2023 that showed
robotic gave better result in terms of VAS,
intraoperative blood loss, and the length of
hospitalization.®™® However, a study by Fu W
in 2020 showed that robot-assisted
techniques gave shorter postoperative stay,
lower intraoperative blood loss. But in terms
of surgical, VAS, and ODI scores, there
were not significant differences.'® Although
both of these studies compared the same
parameters,  there  were  significant
difference. Study by Li compared the
difference of pre and post operative
parameters, while study by Fu compared the
post operative parameter head to head.

Injuries to vessels, neural structures, and the
dura could happen from screw misplaced
more than the tolerable distance (>2mm),
particularly if the patient's anatomy has been
changed.™® If the neural structures was
injured, a misplaced screw might affect the
VAS and ODI score since both of them
were related. Then, if the wvessels were
injured, then the volume intraoperative
bleeding will be higher. Moreover,
misplaced screws may also result in
instability, fractures, weak biomechanical
structure, and decreased fusion rates.!’
Although some studies have reported
complication rates for pedicle screws
ranging from 1% to 54%10,34-36, there is
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insufficient data that differ real screw
malposition rates from specific clinical

https://doi.org/10.1371/journal.pmed.10035
83

problems.** According to Hu et al. in 2013, ~ 4. Review Manager (RevMan) [Computer
960 screws were misaligned and ten of program]. ~Version 54. The Cochrane
those were identified quickly and manually Collaboration. 2020 .
corrected intraoperatively. But in several o Cul G, Han XG, Wei ¥, Liu ¥J, He D,
X . ' . Sun YQ, Liu B, Tian W. Robot-assisted
occasion, an L3 radiculopathy developed in minimally invasive transforaminal lumbar
the misplaced screw patient which was not interbody fusion in the treatment of lumbar
immediately noticed.** spondylolisthesis. Orthop
However, the heterogeneity of this study Surg. 2021;13(7):1960-1968.
was considerable. Hence, further evaluation doi: 10.1111/0s.13044.
was needed since this study was limited in 6. Fan M, Liu Y, He D, Han X, Zhao J, Duan
samples and also there were two studies that F, Liu B, Tian W. Improved Accuracy of
used different robots. Operator experiences Cervical  Spinal Surgery With Robot-
also played important factor here since the é:iﬁ;?gizigre&ni?gﬁgéog;u C’f}‘/ g;?ﬁge(cém;
L‘I’;’r?; only assist with the preoperative Pa 1976). 2020 Mar 1:45(5):285-291. doi:
' 10.1097/BRS.0000000000003258. PMID:
31568094.
CONC_:LUS|ON ) 7. Feng S, Tian W, Wei Y. Clinical effects of
Robotic surgery gave better result in terms oblique lateral interbody fusion by
of VAS, ODI, duration of surgery, and conventional open versus percutaneous
intraoperative blood loss. However, this robot-assisted minimally invasive pedicle
study still could not be applied extensively screw placement in elderly patients. Orthop
because of the considerable heterogeneity. Surg. 2020;12(1):86-93.
doi: 10.1111/0s.12587.
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