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Abstract
Background

Robot-assisted surgery of the spine has emerged as an alternative to frechand surgery but the effects on

patient-related long-term outcomes are unclear.

In this systematic review, we set out to evaluate the evidence for pain, disability and QoL at 26 months.
Secondary outcomes were accuracy of screw placement, duration of surgery, radiation and complica-

tions/reoperations.

Methods

A systematic search was done by librarians at the Medical Library, Orebro University, in MEDLINE,
Cochrane Library and Embase on May 31 2022. (Protocol: CRD42022330513, May 2022). We inclu-
ded peer reviewed RCTs published 2012-2022, comparing robot-assisted to frechand surgery on adult
subjects. Two researchers independently screened and included studies. The risk of bias was indepen-

dently assessed by the reviewers using RoB 2. Any disagreements were resolved in consensus.

Results

Out of 583 initial hits, 11 RCTs in 13 publications were included, on four different robot models.

Three RCTs reported on pain and function at 6 months, 1 and 2 years, respectively. One RCT reported
on QoL. No significant differences between robot-assisted vs freehand surgery were observed. There was

a high risk of bias for all primary outcomes.

All 11 RCTs investigated the accuracy of screws according to the Gertzbein-Robbins classification. For
3 of 4 robots, no difference in accuracy compared to freechand surgery was reported. Concerning the
duration of surgery, radiation and complications/reoperations, data was very limited or poorly reported.
For the secondary outcomes, two RCTs had a moderate risk of bias, and it was high for the remaining

studies.

All included RCTs were associated with conflict of interest. No attempt of synthesizing the extracted

data was carried out.

Conclusion

Data on long-term outcomes of robot-assisted surgery of the spine are scarce and insuficient to demon-

strate any difference from freehand surgery.



Region Orebro lan En systematisk Gversikt om robotassisterad vs sedvanlig ryggkirurgi

Populdrvetenskaplig sammanfattning
Bakgrund

Det finns ett okat intresse for robotassisterad kirurgi pa ryggraden. Bidragande orsaker ir férvintade
mojligheter till 6kad precision i arbetet och bittre ergonomiska forhallanden. Det dr dock oklart om
langtidsresultaten f6r patienter ar béttre 4n vid sedvanlig frihandskirurgi. Syftet med denna systematis-
ka oversike var dirfor att kartlagga studier som jaimfért smirta, funktion och livskvalitet efter minst 6

manader for de tva kirurgiska metoderna.

Metod

En systematisk sokning av bibliotekarie vid Medicinska biblioteket, Orebro universitet gjordes i tre
medicinska databaser i maj 2022. Urvalsprocessen f6ljde forutbestimda kriterier och genomférdes av
tva forskare som arbetade oberoende av varandra. Relevanta studier inkluderades och bedomdes sedan
avseende risk for snedvridna resultat (bias). Resultat fran de inkluderade studierna inhimtades, bade for

de patientrelaterade langtidsresultaten och mer operationstekniska resultat.

Resultat

Totalt 583 publikationer patriffades, 52 lastes i fulltext och 11 relevanta randomiserade kontrollerade
studier (i 13 publikationer) inkluderades. Fyra olika robotmodeller hade kartlagts i studierna.

Tre studier rapporterade om smirta och funktion efter antingen 6 manader, 1 eller 2 ar. En studie rap-
porterade om livskvalitet. Inga statistiske sikerstillda skillnader mellan robotassisterad- och frihandski-

rurgi observerades. Studierna hade hog risk f6r snedvridna resultat.

Vad giller noggrannhet i placeringen av skruvar visade studierna pa 3 av fyra robotar ingen skillnad
mellan robotassisterad och vanlig kirurgi. For 6vriga viktiga resultat sisom komplikationer och reopera-

tioner var data mycket knapphindiga.

Alla studier var behiftade med intressekonflikter.

Slutsats

Brist pa jamforbara resultat fran vilgjorda studier gor att det inte gar att avgéra om robotassisterad
kirurgi gor ndgon skillnad f6r patienter vad giller smirta, funktion eller livskvalitet sex manader eller
mer efter operation. Aven vad giller de mer tekniska operationsresultaten gar det inte att dra nigra sikra

slutsatser.
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Faktaruta om ryggkirurgi
Overliikare Freyr Sigmundsson och Ewald Ornstein, Ortopediska kliniken, Universitetssjukhuset Orebro

Modern ryggkirurgi innefattar ett antal olika omréaden. I Sverige utfors drligen ca 10 000 operationer pa
grund av degenerativa lindryggsbesvir sasom diskbrack och spinala stenoser. Till detta kommer ca 1500
operationer orsakat av degenerativa besvir i halsryggraden och ca 300 skolioser hos barn. (Se Appendix

1 for data 6ver region Orebro)

I dillagg krivs specialiserad rekonstruktiv ryggkirurgi orsakat av trauma, metastaser, infektioner och
avancerad deformitetskirugi hos bade barn och vuxna. Det ir for denna grupp robotassisterad kirurgi

ar akeuell.

Den vanligaste orsaken till deformitet hos vuxna 4r progressiva degenerativa forindringar (de novo
skolios) eller att ungdomsskolioser progredierar i sent skede och orsakar smirta. Posttraumatiska defor-

miteter forekommer ocksd men ir inte lika vanliga.

Oavsett etiologi ar rekonstruktiv kirurgi i dessa fall associerad med komplikationer. Samsjuklighet, grad
av deformitet och inte minst osteoporos okar risken for komplikationer och reoperationer. I vissa studier
har reoperationsfrekvensen inom 2 ar varit 40-60 % och frekvensen djupa infektioner har legat mellan
5-9 %. Under senare dr har komplikationer och reoperationsfrekvens minskat successivt men den ar
fortfarande hog. Neurologiska komplikationer varierar men vid vissa typer av kirurgi r den runt 10 %.

Bortfallssymptomen blir dock sillan bestdende.

Det ir teknologisk utveckling under de senaste 20 aren som méjliggjort korrektioner av mycket kom-
plexa spinala deformiteter av olika etiologi. Det har 4ven tillkommit moderna implantat med egen-
skaper som tillater stor flexibilitet vid rekonstruktion av ryggrader. Ultraljudsskalpeller har medf6rt att
osteotomier pd kotpelaren kan genomf6ras mycket nira ryggmirgen med mindre risk f6r blédningar

och skada pa hjirnhinnor och ryggmirg.

Det storsta paradigmskiftet har dock dgt rum inom "intraoperativ navigation”. Vid borjan av en ryg-
goperation fister kirurgen en antenn till patienten som direfter skannas med en tomograf eller CT.
Med antenn och rontgenbilder som bas bildar datorn en tvidimensionell bild pé en skirm och olika
verktyg kan kalibreras mot bilderna. Nir kirurgen opererar med dessa kalibrerade verktyg framtrider
den exakta placeringen av anatomiska delar och verktyg pa skidrmen vilket medfér hog precision i arbe-
tet. Kort sagt medfor det hogre sikerhet vid t ex osteotomier och nerviriliggning och vid placering av

implantat och skruvar.

Det kvarstar dock en del utmaningar, framfor allt vad giller planering vid deformitetskirurgi. Specifi-
ka robotarmar som tilldgg till navigation har utvecklats under de senaste dren, vilka ir linkade till ett
planeringsverktyg som underlittar for kirurgen att genomfora operationen. Till robotapplikationer finns

ocksa mojlighet att efter planering bestilla prefabricerade implantat.
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Bakgrund

Robotassisterad kirurgi pa ryggraden har borjat introducerats i sjukvarden men det ir oklart i vilken
omfattning det medfor en forbittring av patientrelaterade utfall, i synnerhet vad giller lingtidseffekter

pa smirta, funktion och livskvalitet i jimforelse med sedvanlig kirurgi.

Syfte

Syftet med denna systematiska Gversikt var att i forsta hand kartlagga langtidseffekter av robotassisterad

kirurgi pa ryggraden i jimfrelse med frihandskirurgi.

Fragestallning

Mir patienter som opererats med robotassisterad ryggradskirurgi bittre in de som fitt sedvanlig kirurgi

> 6 ménader efter operation?
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Metod
Ett protokoll (CRD42022330513) registrerades i PROSPERO 22 maj 2022.

Féljande PICO formulerades:
B  Population Patienter frin 12 irs dlder med indikation for kirurgi pa kotpelaren
B Intervention Robotassisterad kirurgi
®  Control Sedvanlig frihandskirurgi

B  Qutcome Primira:
Langtidseffekter (>6 man) pa smirta (validerade instrument)
Langtidseffekter pa funktion (validerade instrument)
Langtidseffekter pd QoL (validerade instrument)
Sekundira:
Precision i skruvarnas placering
Operationstid
Exponering for stralning
Komplikationer

Frekvens reoperationer

B  Studies Randomiserade kontrollerade studier
Engelska eller nordiska sprik
Publicerade frin 2012 och framat

Peer review

Litteratursékning

Litteraturs6kning gjordes av bibliotekarie vid Medicinska biblioteket, Orebro universitet 31 maj 2022
i foljande databaser: MEDLINE, Cochrane Library och Embase. Tids-begrinsning bakat bestaimdes till
10 ér fran sokdatum med motivering att studier pa tidigare modeller av robotar inte skulle tillféra nagot

av intresse. Sokstringar redovisas i Appendix 1.

Selektion

Relevansbedomning av samtliga triffar gjordes av tvd medarbetare (AS, KS) i tva steg utifran projektets
fragestillning, PICO och uppstillda kriterier. I en forsta omgang selekterades de triffar som bedomdes
relevanta utifran titel och abstrakt. En publikation som bedémdes relevant av nigon av granskarna gick
vidare till lasning i fulltext. Relevansbedomningen upprepades sedan pa samma sitt pa fulltextniva.
Eventuella oenigheter avseende inklusion av studier pé fulltextniva 16stes i konsensus. Referenslistor
frin inkluderade studier och fran patriffade systematiska oversikter gicks igenom for att identifiera korsrefe-

renser. Samtliga studier som inkluderats pa fulltextniva samt selektionsprocessen redovisas i resultatdelen.
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Bedomning av risk for bias
Risk f6r bias (RoB) i de inkluderade studierna bedomdes utifrain Cochrane’s granskningsmall RoB 2 [1]

for randomiserade studier 6versatt och validerad av SBU[2]. Risk for bias f6r de primira utfallen med

> 6 man uppfoljningstid beddmdes separat fran de sekundira utfallsmatten med kort uppféljningstid,
dvs de som inhdmtats under eller strax efter operation. Orsaken ir att risk for snedvridna resultat (bias)
pa grund av kinnedom om grupptillhérighet (bristfillig blindning) kan 6ka vid lingre uppféljningstid.
Bedomningarna utférdes av oberoende bedémare (AS, ML, KS, KS, PN) - tva {6r varje studie - och fast-

stilldes vid konsensusmoten.

Extraktion av data

Data extraherades av en granskare (AS), och kontrollerades av annan (ML).

Langtidsresultat avseende smirta rapporterades enligt VAS, dir 0 motsvarar ingen smirta och 10 vérsta tink-
bara smirta [2]. For funktion anvindes ODI dir 0-10% motsvarar mild dysfunktion och 81-100% motsva-
rar mycket allvarlig dysfunktion/singbundenhet [1]. For hilsorelaterad livskvalitet anvindes SF-36. Skalan
har tva delar om 0-100 poing avseende dels en fysisk (PCS) och dels en mental bedémning (MCS) [4, 5].

Vad giller de sekundira utfallsmatten anvindes Gertzbein-Robbins klassifikation for att beskriva pre-
cisionen i placeringar av skruvar i pediklarna (strukturen mellan kotkropp och kotbage) [3]. Skalan
innefattar fem steg A-E utifrin hur skruven (skruvspetsens) lidge i relation till cortex i pedikeln. Grad

A innebir att skruven ir helt inne i benet, B innebir att skruven gitt igenom cortex men sticker ut < 2
mm, C innebir att skruven sticker ut 2-4 mm, D innebir att skruven sticker ut 4-6 mm och E innebir
att skruven sticker ut >6 mm eller 4r helt utanfér pedikeln. Vid kategori C-E kan neurologiska symtom
uppkomma. Det finns ingen kliniskt relevant skillnad mellan skruvens lige i A eller B; bada kan bedo-
mas som ett tillfredsstillande operationsresultat. Férdelningen mellan de olika stegen anges ofta som
procentuell andel. Om enbart exakt antal redovisats i de inkluderade studierna har det sa lingt mojligt

det riknats fram.

Vidare extraherades data kring operationstid och exponering for stralning. Si langt mojligt extraherades
uppgifter redovisade i samma enhet eller riknades de om till jimforbara enheter. Aven information om

komplikationer, frekvens reoperationer och intraoperativ korrektion av skruvar inhimtades.

Analys

En narrativ sammanvigning beddmdes som mest trolig men om tillrickliga data patriffades planerades

for en metaanalys.

Pagaende studier

Pagiende studier och systematiska dversikter eftersoktes 2022-09-27 i databaserna Prospero [3], Clinical
trials [4] och ISRCTN [5].

Tillagg till plan

Ett utfallsmétt avseende exponering f6r rontgenbestralning lades till under projektets ging. Detta utfall

var ursprungligen tinkt inga som en del av utfallsmattet "komplikationer” men nu redovisas det separat.
prunglig g p P
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Resultat

Litteratursdkning och genomgang av korsreferenser genererade totalt 583 publikationer, varav 55 listes
i fulltext och 13 publikationer inkluderades. Urvalsprocessen redovisas i Figur 1. Orsak till exklusion pa

fulltextniva redovisas i Appendix 2.

Records identified through Additional records identified
database searching in cross references
(n=583) (n=8)

| l

Records after duplicates removed

(n=379)
Records screened Records excluded
(n=379) I (n=329)
Full-text articles assessed Full-text articles excluded
for eligibility —) with reasons (n=37)
(n=50)

Wrong intevention =3
Wrong outcome =1

Wrong population type =26
Wrong language =5

Wrong study design =2

v

Included publications
n=13
(11 RCT)

Figure 1. Study Flow Chart

De 13 inkluderade publikationerna baseras pa 11 randomiserade kontrollerade studier (Table 1). Studi-
erna var genomfoérda mellan 2012 och 2021. De tva dldsta studierna var genomforda i Tyskland medan

samtliga darefter i Sydkorea och Kina.
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Fyra olika robotmodeller utvirderades i de inkluderade studierna. Den senast utvecklade modellen Ort-
hbot (Intelligent Orthopedic Minimally Invasive System, Xin Junte Surgical Technologies) [6, 7] skiljer
sig fran ovriga dd den arbetar autonomt under operationen. De tre vriga robotmodellerna innebir
delad kontroll mellan kirurg och robotarm: Ti-Robot (TI-ROBOT Medical Technologies Co., Ltd.) [8-
11], Mazor Renaissance (Mazor Renaissance Surgical Guidance Robot, Mazor Robotics Ltd., Caesarea,
Israel) [12-16] samt Mazor Spine Assist (Spine Assist Mazor Surgical Technologies [HQ] Ltd, Caesarea,
Israel) [17, 18]. Frihandskirurgin genomférdes med hjilp av fluoroskopi (genomlysning) vilket rappor-
terades i alla utom tva studier [14, 17]. Studierna var genomférda av en forskargrupp per robotmodell,
dvs samma forskare lag bakom samtliga studier av en viss modell. Det enda undantaget ér for den ildsta

robotmodellen som utvirderats i tva studier av tvd olika forskargrupper [17, 18].

Generellt baserades studierna pé ett litet antal patienter och endast tvé studier hade dver 100 deltagare
[9, 10]. Medeléldern i studierna varierade frin 49 [10] till 68 ar medan konsfordelningen i stort sett var
lika. Studiepopulationerna var svagt karaktiriserade vad giller komorbiditet och likemedel. Rapporte-
ringen av indikation for ryggkirurgi varierade, t ex framgick det inte alls i den senast publicerade studien
[7] och en studie [10] beskriver endast generella diagnoser och det gar inte att lisa ut sjilva operations-

indikationen.
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Table 1. Basic characteristics of included studies (n=13), presented per robot trademark.

Author Mean age
Year yrs.
RCT Country N Female (F) % Indications for surgery Recruitment period
Orthbot
. Age 50
1 gk:i’nzao[ﬂ 24 F1:54% NR Jan-Oct, 2018
C:63%*
Li z, 2020 Age 50 Degenerative disc disease: 11 i
2 China [6] 17 F 59% Lumbar spinal stenosis: 6 Aug-Dec, 2018
Ti-Robot
Lumbar spinal stenosis: 40
3 feng, 2020 go Age 64 Degenerative spondylolisthesis: 32 Jan, 2017-April, 2018
China [11] F 61% . P!
Lumbar instability: 8
Fan, 2020 Age 49 )
4 China [10] 127 F35% Aug, 2015-Aug, 2018
Degenerative disk disease: 40
Feng, 2019 Age 68 Degenerative spondylolisthesis : 22 i
> China [8] 80 F 69% Spondylolisthesis: 12 June, 2016-July, 2018
Degenerative scoliosis: 7
Han, 2019 Age 55 Degenerative: 158 )
®  China[9] 234 £529 Trauma:76 Jan, 2016-5ept, 2017
Mazor Renaissance
Hyun, 2017
' Age 67
7 [5103u]th Korea 60 F 70%/73% NR Dec, 2013-Jan, 2015
Kim, 2017 [14] Degenerative listhesis: 22
. Agel: 65 C:66 . 2 o
Kim, 2018 [15] o Lytic listhesis: 11 i
8 Park, 2018 [16] /8 Fa7% Foraminal stenosis: 13 Dec, 2013-Oct, 2014
All South Korea Central stenosis: 32
Kim, 2015 Degenerative listhesis: 14
South Korea Age 64 Lytic listhesis: 11 .
? [12] 0 52% Foraminal stenosis: 24 Dec, 2013-April, 2014
Central stenosis: 23
Mazor SpineAssist
o203 Ve e,
10 Germany [18] 37 postspondyiod ! "12-month period”
degenerative instability or tumor,
destruction of the vertebral body
11 Germany [17] 60 1:67C:68 dication for bi ) | lurmb "Within 13 months”
F579% Indication for bisegmental lumbosa-

cral stabilization: 29

*Studies lacking total mean are reported by I=intervention group C= control group.
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Primara utfallsmatt

Tre publikationer, baserade pa tva RCT, rapporterade lingtidsresultat f6r smirta, funktion och livskva-
litet [11, 15, 16] (Table 2). Tvé av publikationerna [15, 16] var uppf6ljning efter 1 respektive 2 ar av
samma studie [14]. Mitningarna utférdes 6-24 manader efter operation. I studien av Park, 2018 [16]
angavs inte exakta punktestimat utan enbart en summerande statistisk berikning. Det bor noteras att
bade VAS och ODI pa ett oegentligt sitt presenterades som medelvirden av en kontinuerlig variabel i
studierna (vilket kommenteras vidare i diskussionsavsnittet). Sammantaget observerades inga signifikan-
ta skillnader for smirta, funktion eller livskvalitet vid minst 6 manaders uppfoljning mellan robotassis-

terad och sedvanlig frihandskirurgi pa ryggraden.

Table 2. Pain, function and QoL 6-24 months after robot-assisted vs freehand surgery.

Pain back Pain legs

VAS VAS Function SF-36 SF-36
RCT  Study Follow-up (mean) (mean) ODI (mean) PCS MCS
Ti-Robot
I: 1.20 [: 1.05 [: 14.90
3 Feng, 2020 [11] 6 months C:1.23 C:1.02 C:15.25 NR NR
ns ns ns
Mazor Renaissance
|: 3.2 [: 2.6 [: 20.29 [: 45.0. I: 42.6
Kim, 2018 [15] 1 year C:35 C: 3.1 C:21.74 C: 38.4. C:42.9
ns ns ns ns ns
8
Park, 2018 [16] 2 years NR NR NR NR NR
ns ns ns

* VAS and ODI was presented as mean values of 100 points in the studies.

I intervention (robot-assisted), C: control (freehand) NR: not reported

Sekundara utfallsmatt

Precision i appliceringen av skruvar mittes i anslutning till operationen vid genomlysning och klassific-
erades enligt Gertzbein-Robbins i 11 RCT (Table 3). Alla studier utom en [7] rapporterade antal skru-

var. De flesta studier rapporterade p-virden baserade pa andel skruvar i kategori A i jimforelse med alla
andra, men i tre RCT hade dock kategori A och B slagits samman infor statistisk utvirdering. En studie
saknade korrekt rapportering av medelvirde [9].

Andelen skruvar i kategori C-E var generellt ligt. Enda undantaget 4r studierna pa Ti-Robot dir place-

ringen av skruvar generellt var simre i frihandsgruppen.

Samtliga fyra studier pa Ti-Robot rapporterar ett signifikant bittre utfall f6r denna robotmodell jamfort
med frihandskirurgi. I dvriga studier inte rapporteras nagon skillnad vad giller skruvarnas placering

enligt Gertzbein-Robbinsklassifikationen, forutom i den forst publicerade studien av Ringel et al 2012
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som visade en signifikant bittre férdelning av skruvarnas placering till f6rman for frihandskirurgi. Den

senast publicerade studien frin 2021 visade ocksd en anmirkningsvirt lag andel av skruvarna i kategori

A (skruven enbart inne i benet) [7].

Table 3. Accuracy of pedicle screws reported according to Gertzbein-Robbins classification A-E.

Number of Screws

Accuracy, (N) percent

Study Robot-assisted  Freehand Robot-assisted  Freehand p-values
Orthbot
1 LiJ,2021[7] Mean=4.92, M=4.36 A (NR) 72% A (NR) 67 % ns
A(29) 91% A (39) 78%
2 Liz, 2020 (6] 32 50 B (3) 9% B (10) 20% ns
co C()2%
Ti-Robot
A (167) 98% A (162) 93%
3 Feng, 2020 [11] 170 174 B(3)2 % B(11)6% p < 0.05
co C(1)0,5%
A(163)88% A (124)61%
B(21) 1% B (62) 30% p=0.001*
4 Fan, 2020 [10] 186 204 C2)1% C (15) 7%
DO D(3)1,5%
A (199) 99% A (206) 91%
5 Feng, 2019 [8] 202 225 B(33)1% B (18) 9% p < 0.002
co C (1)0.4%
A (507)95% A (503) 86%
B (18) 4% B (43) 7%
6 Han, 2019 [9] 532 584 C(5)1% C(27)5% p=0.001
D(2)03 % D (8) 1%
EO E (3)0.5%
Mazor Renaissance
A(127)98%  A(133)95%
B (3) 2% B (5) 3% .
7 Hyun, 2017[13] 130 140 co C1)1% ns
DO D(1)1%
A (148)94% A (158)93%
8 Kim, 2017 [14] 158 172 B (9) 5% B(13) 7% ns
C(1)0.6% C(1)0.5%
A (76) 95% A(73)91%
9 Kim, 2015 [12] 80 80 B (4) 5% B (6) 8% NR
co CM1%
Mazor Spine Assist
10 Roser, 2013 [18] 72 40 A (NR) 99% A (NR)97.5% NR
A (NR) 56% A (NR) 68%
B (NR) 29% B (NR) 25% ~0.019*
11 Ringel, 2012 [17] 146 152 C(NR) 11% C (NR) 3% p=v.
D (NR) 3% D (NR) 3%
E (NR) 1% E (NR) 1%

*Category A and B combined
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Operationstid rapporterades i 10 RCT men de flesta definierade inte nir mitningen bérjade eller slu-
tade. Endast tva studier anvinde samma definition for borjan och slut pa operationen [13, 14]. I fem
RCT rapporterades exponering for stralning men olika enheter anvindes, t ex antal sekunder bestrl-
ning under hela operationen eller per skruv. Olikheterna i rapportering gor att resultaten inte gar att

sammanfatta men extraherade data redovisas i Appendix 3.

De flesta av publikationerna rapporterade inte komplikationer pa ett systematiske sitt. Det férekom en-
staka rapportering om infektioner relaterat till kirurgi [11], stérre komplikationer utan nirmare beskriv-
ning vid 4 veckors uppfoljning samt enstaka fall av f6rdr6jd sarlikning [10] och lickage av bencement

[8]. En studie redovisade tre fall av konvertering fran robotassisterad- till frihandskirurgi [9].

I fyra RCT rapporteras peroperativa korrigeringar av skruvar och i 6 RCT reoperationer (Table 4). Antal
skruvar som behévde korrigeras var generellt ligt men tva studier hade testat skillnaden mellan interven-
tions- och kontrollgrupp statistiskt. I den ildsta studien [17] korrigerades 10 skruvar i robot- mot ingen
i kontrollgruppen. I studierna pa Ti-Robot noteras ett storre antal korrigerade skruvar i kontrollgrup-

pen. Antalet reoperationer dr mycket lagt och det gir inte att dra nigra slutsatser.

Table 4. Correction of screws intraoperatively and reoperations in 8 RCTs.

Study Intraoperative correction of screws Reoperations
Orthbot

1 LiJ, 2021 [7] 0, C:0 [0, C:0
Ti-Robot

3 Feng, 2020 [11] 1,C: 6 -

4 Fan, 2020 [10] 0, C: 1 [0, C: 1

5 Feng, 2019 [8] l:0,C:7; ns -

6 Han, 2019 [9] - l:0,C:2
Mazor Renaissance

7 Hyun, 2017 [13] - [1,C 1

8 Kim, 2017 [14] - [0, C: 1
Mazor SpineAssist

1T Ringel, 2012 [17] l: 10, C: 0; p=0.003 l:0,C:2; ns

I: intervention (robot-assisted), C: control (freehand)
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Bedomning av risk for bias

Samtliga primira utfallsmétt angiende langtidseffekter bedomdes vara associerade med hog risk for bias

(Figure 2). En studie bedomdes ha hég risk for bias i samtliga dominer.

Randomization Deviation Missing data Measurement Reporting Summary
Feng, 2020 [10] o o (] (
Kim, 2018 [15] o [ o o [
Park, 2018 [16] o o o o [ ]

Low @ Medium @ High @

Figure 2. Risk of bias for primary outcomes with follow-up =6 months.

For flera sekundidra utfallsmétt utfordes datainsamling i anslutning till operationen, t ex avstindsberik-
ning av skruvar i relation till benytan utifrin rontgenbilder. I flera av studierna beddmdes dessa data av
personal som var blindad for grupptillhérigheten hos patienten. I négra studier var insamling och be-
démning av data dock utférda av samma personer som utfort operationen och risken for bias i mitning
av resultaten blev foljaktligen hog i de studierna. Den sammanvigda bedomningen f6r de sekundira ut-

fallen blev hog risk for bias for alla studier utom tvd, som bedémdes ha mattlig risk for bias (Figure 3).

Randomization Deviation Missing data Measurement Reporting Summary
LiJ, 2021 [7] °® ) o ® ®
Li Z, 2020 [6] ® ) o
Fan, 2020 [11] ® ) o ] (]
Feng, 2020 [11] () o
Feng, 2019 [8] ( ]
Han, 2019 [9] PY ® ) ) [
Hyun, 2017 [13] PY ® ) o o
Kim, 2017 [14] ® ) o ([
Kim, 2015 [12] ® ) o [
Roser, 2013 [18] PY °® Y ) () o
Ringel, 2012 [17] ® ) o [
Low @ Medium @ High @

Figure 3. Risk of bias for secondary outcomes.
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Jav
For samtliga publikationer utom tva, Fan 2020 [10] och Kim 2015 [12], fanns en jivsdeklaration och

samtliga deklarerade avsaknad av jiv. Uppgifter om finansiering

saknades for fyra studier. Flera av studierna pi Mazor Renaissance har bekostats av foretaget Mazor
Robotics. For samtliga studier pd Orthobot och Ti-Robot som utvecklats i Kina, hade forskargrupperna
dven arbetat med utvecklingen av robotarna [6, 7, 19]. Se Appendix 4 f6r detaljerad redovisning.

Beddmning av evidenslaget fér de primara utfallen

Outcome N RCT Follow-up Trustworthiness
1 6 months
Pain Back 1 year
2 years
6 months

High heterogeneity

1
1
1

Pain Legs 1 1 year SRR )
: 2 years High r!sk of .blas

and conflict of interest

1 6 months

Function 1 1 year
1 2 years

QoL 1 1 year

Rapporterade langtidseffekter pa smirta och funktion var uppmitta vid olika tidpunkter efter operation.

Livskvalitet rapporterades i endast en studie. Samtliga studier hade hog risk for bias och for samtliga £6-
reldg intressekonflikter. Med nuvarande underlag gir det inte avgdra om robotassisterad kirurgi har mer

positiva lingtidseffekter avseende smirta, funktion och livskvalitet 4n frihandskirurgi.

Beddmning av evidenslaget fér sekundara utfallen

RCT Outcome Trustworthiness

High heterogeneity
11 Accuracy High risk of bias
and conflict of interest

10 Duration of surgery Not applicable*
5 Radiation Not applicable*
8 Correction of screws peroperatively Not applicable*
4 Reoperations Not applicable*

*Data were too limited
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Operationstid, exponering for stralning, korrektion av skruvar peroperativt, komplikationer samt reoperatio-

ner var samtliga ofullstindigt eller inadekvat rapporterat och det gar inte att summera kunskapsliget.

Endast for precision i skruvarna placering fanns ett tillrickligt underlag men pa grund av hég risk for
bias, heterogenitet, frimst vad giller kontrollgrupp och robotmodell samt risk for jiv gir det inte att dra

nagra slutsatser av evidensliget.

Pagaende studier

Det pétriffades totalt sju pigdende primirstudier och systematiska 6versikter inom omrédet vilka redo-

visas i Appendix 5.
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Diskussion

For endast tva av totalt 11 patriffade RCT finns langtidsresultat rapporterade men de visade ingen sig-

nifikant skillnad avseende smirta, funktion eller livskvalitet efter 6 minader eller mer.

Vad giller de sekundira utfallsmatten patriffades inte heller ndgon skillnad kring precision i skruvarnas
placering vid robotassisterad vs frihandskirurgi, vilket redovisas i studierna baserade pa robotarna Orth-
bot och Maizor Renaissance. Det var endast i fyra studierna fran Kina om Ti-Robot som det rapportera-
des signifikanta skillnader till f6rdel f6r robotgruppen. Dessa studier redovisar generellt simre precision
i placeringen av skruvar i frihandsgruppen som fatt frihandskirurgi vilket gor att éverforbarheten till t ex

svenska forhdllanden maste ifrdgasittas.

Ovriga sekundira utfallsmétt var undermaligt rapporterade med oklarheter kring operationstid, ex-
ponering for stralning och for komplikationer. Antalet skruvar som maste korrigeras preoperativt och
reoperationer 4r s pass fa att det 4r omaijligt att dra ndgra sikra slutsatser. Andra svagheter i studierna dr

den magra kliniska karaktiriseringen av de inkluderade patientpopulationerna.

Vidare rér det sig om olika robotmodeller dir dtminstone den senaste skiljer sig fran de tidigare genom
att arbeta autonomt. Den tidigast patriffade roboten, Mazor Spine Assist var utvirderad i tva studier
publicerade 2012 och 2013 med stora metodologiska brister [17, 18]. Dessa studier forefaller ha varit
de forsta ddr man utvirderat robotassisterad kirurgi pé ryggraden i en RCT och de citeras ofta som stéd
for detta. Men i studien frin 2012 finns endast ett signifikant resultat som visar pé en fordel f6r frihand-
skirurgi [17]. Nir det giller studien frin 2013 s beskrev forfattarna den som en pilotstudie och ytterst

fd data rapporterades [18].

Mazor Renaissance utvirderades i tre primdra RCT med tvd uppfoljande publikationer for en av dem.
Studierna ir gjorda av samma forskargrupp i Sydkorea. Samtliga studier rapporterar ocksi samma start-
datum fr rekrytering av deltagare (december, 2013). Deltagarantalet i studierna 6kade successivt frin
40 personer ar 2015 [12], ill 78 &r 2017 [12-14]. I fyra av dessa publikationer [12, 14-16] hinvisar
man till samma studieprotokoll. Det fanns inga uppgifter om det rorde sig om samma deltagare i studi-

erna eller inte. En fraga mailades till férfattarna 2022-11-11, men den ir dnnu obesvarad.

Det noterades ocksa att rapporteringen kring VAS och ODI inte helt foljer vad som ir brukligt. I bigge
fallen har dessa ordinalskalor riknats om till kontinuerliga skalor med 100 poing istillet for de steg

och nivaer som anvisats [20, 21]. Resultaten f6r samtliga undersokningsgrupper lag vil inom det ligsta
steget for alla utom ett gillande ODI som var pd grinsen mellan den ldgsta kvintilen (0-20 procent) och
nista (21-40 procent) [15]. Aven for livskvalitet var rapporteringen SF-36 osiker [15]. Dels bor skalan
enligt upphovsminnen beriknas med sirskilda algoritmer [22], dels rader delade meningar om de tvé

delskalorna PCS och MCS ska rapporteras var for sig eller tillsammans [22, 23].

Utover bristen pa langtidsresultat 4r det en svaghet inom forskningsfaltet att respektive robotmodell till
storsta delen enbart utvirderats av en och samma forskargrupp, samt de risker for intressekonflikter som

identifierats. Vidare dr utfallsmatten tdmligen begrinsade. Anvindning av Gertzbein-Robbins klassi-
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fikationen som mictt pa precision i skruvarnas placering kan majligen ha sina begrinsningar, men det
var den klassifikation som anvinds i de flesta studier. Ingen av studierna resonerade kring ergonomiska

fordelar eller hilsoekonomiska aspekter.

Denna sammanstillning och granskning av litteraturen ir inte i linje med tidigare systematiska 6versik-
ter [24-27]. En mojlig orsak kan vara att bedémningen av de inkluderade studiernas risk for bias strike
har foljt metodanvisningar frin Cochrane [1]. En nirmare granskning av 6vriga redan publicerade syste-

matiska Gversikter pa omridet kommer dirfor att goras och presenteras i en separat HTA-rapport.

Viar litteratursokning strickte sig fram till maj 2022 men det finns nyare robotmodeller som exempelvis

Mazor Stealth som inte finns representerade bland studierna.
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Kunskapsluckor

Denna systematiska 6versikt har identifierat flera kunskapsluckor:

B Effekt av robotassisterad kirurgi jamfort med frihandskirurgi avseende smirta, funktion och

livskvalitet efter sex manader eller mer.

B Effekten av robotassisterad kirurgi jimfort med frihandskirurgi avseende precision, operations

tid, stralning, komplikationer och antal reoperationer.
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Appendix

Appendix 1 Search strategy

Medline via Ovid 220531

Searchterms Results
Spinal/vertebral diseases
1 exp Spine/ or exp Spinal Fusion/ or Spondylosis/ or Laminectomy/ or exp 172086
Diskectomy/ or Laminoplasty/ or total disc replacement/
2 (spine™ or spinal™ or lumbar™ or vertebra® or intravertebral or lumbosacral 616292
or spondylosis or “degenerative joint disease*” or “adjacent segment dis-
ease™" or laminectomy or spondylodes™ or spondylosynde™ or coccygectomy
or corpectomy or discectomy or facetectomy or “intradiscal electrothermal
therapy” or laminoplasty or laminotomy or “percutaneous vertebroplasty” or
sacrectomy or “total disc replacement” or “odontoid process” or kyphoplasty
or microdiscectomy).ab, kf,ti.
3 1or2 654603
Robotic surgery
4 Robotic Surgical Procedures/ 13198
5 (robot* and (surg* or operat* or peroperat™ or perioperat* or intraoperat* or 33319
procedure™)).ab, kf ti.
Combined sets
6 4or5 35664
7 3and 6 1137
Search filter for Systematic reviews, a combination of 3 search filters
8 (Systematic Review/ or Meta-Analysis/ or Cochrane Database Syst Rev.ja.or 554104

meta-analysis as topic/ or network meta-analysis/ or Technology Assessment,
Biomedical/ or Systematic Reviews as Topic/ or ((systematic* adj4 review™)

or (systematic* adj4 bibliographic*) or (systematic* adj4 literature) or (com-
prehensive™ adj4 literature) or (comprehensive™ adj4 bibliographic*) or
(integrative adj4 review) or (integrative adj4 review) or (meta-analy* or meta-
analy™) or (information adj3 synthesis) or (data adj3 synthesis) or (data adj3
extract®) or (medline or pubmed or psyclit or cinahl or (psycinfo not “psycinfo
database”) or “web of science” or scopus or embase)).ab,bt,ti. or (“sys-
tematic overview™" or “systemic review™*" or “scoping review" or “scoping
literature review"” or “mapping review” or “umbrella review*" or “review of
reviews"” or “overview of reviews" or meta-review or “integrative overview”
or meta-synthesis or metasynthesis or “quantitative review” or "quantita-
tive synthesis” or meta-ethnography or “research synthesis” or “systematic
literature search” or “systematic literature research” or “evidence-based
review” or “evidence synthesis”).bt,ti. or ("“research overview*" or “collab-
orative review*" or “collaborative overview™" or “technology assessment*"
or "technology overview*" or “technology appraisal*" or HTA or HTAs or
"methodological overview*" or “methodologic overview™" or “methodologi-
cal review* " or “methodologic review*"” or "quantitative overview*").ab,bt,-
ti.) not (editorial/ or letter/ or case reports/)
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Searchfilter for RCT-studies*

9 (randomied or placebo or randomly).ab. 1075854
10 trial.ti. 263108
11 clinical trials as topic.sh. 199944
12 (controlled clinical trial or randomized controlled trial).pt. 659221
13 9or10o0r11or12 1491166
14 8or13 1906697
15 7 and 14 136

16 limit 15 to (yr="2012 -Current” and (danish or english or norwegian or 123

swedish))

*Cochrane Handbook for Systematic Reviews of Interventions Version 6.3 (updated February 2022)

4.51 Technical Supplement to Chapter 4: Searching for and selecting studies, page 62.
https://training.cochrane.org/technical-supplement-chapter-4-searching-and-selecting-studies-v63

“Rad 10-16 consists of Cochrane Highly Sensitive Search Strategy for identifying randomized trials in MEDLINE:
sensitivity- and precision-maximizing version (2008 revision)(1) which, however, has been modified with a wild-

card on line 10 to cover alternate spellings.

Embase.com 220531

Searchterms Results
Spinal/vertebral
1 'spine surgery'/exp OR lumbar spine’/exp OR ‘spine’/exp OR ‘spine stabiliza-
tion'/de OR "spondylosis'/exp OR ‘adjacent segment disease’/de 286072
2 spine:ti,ab,kw OR spinal™:ti,ab,kw OR lumbar*:ti,ab,kw OR lumbosa-

cral:ti,ab,kw OR ‘degenerative joint disease*":ti,ab,kw OR 'adjacent segment
disease™*":ti,ab,kw OR vertebra*:ti,ab,kw OR intervertebral:ti,ab,kw OR ‘odon-
toid process':ti,ab,kw OR microdiscectomy:ti,ab,kw OR kyphoplasty:ti,ab,kw
OR spondylosis:ti,ab,kw OR coccygectomy:ti,ab,kw OR corpectomy:ti,ab,kw
OR discectomy:ti,ab,kw OR facetectomy:ti,ab,kw OR ‘intradiscal electrother-
mal therapy':ti,ab,kw OR laminectomy:ti,ab,kw OR laminoplasty:ti,ab,kw OR
laminotomy:ti,ab,kw OR "percutaneous vertebroplasty”:ti,ab,kw OR sacrecto-
my:ti,ab,kw OR "total disc replacement’:ti,ab,kw OR spondylodes*:ti,ab,kw

OR spondylosynde*:ti,ab,kw 788782

3 10R2 835223
Robotic surgery

4 'robot assisted surgery'/exp 24138
5 robot™:ti,ab,kw AND (surg™*:ti,ab,kw OR operat*:ti,ab,kw OR proce-

dure*:ti,ab,kw OR perioperat*:ti,ab,kw OR intraoperat*:ti,ab,kw OR peroper-

at™*:ti,ab,kw) 58166
6 40R5 64361

Combined Sets

7 3AND 6 1751
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Searchfilter for Systematic reviews, a combination of 3 different searchfilters

8

(‘'systematic review'/de OR ‘meta analysis'/de OR [cochrane review]/lim

OR "biomedical technology assessment’/de OR ((systematic* NEAR/4 re-
view*):ti,ab) OR ((systematic* NEAR/4 bibliographic*):ti,ab) OR ((systematic*
NEAR/4 literature):ti,ab) OR ((comprehensive* NEAR/4 literature):ti,ab) OR
((comprehensive® NEAR/4 bibliographic*):ti,ab) OR ((integrative NEAR/4
review):ti,ab) OR ‘meta analy*":ti,ab OR metaanaly*:ti,ab OR ((informa-
tion NEAR/3 synthesis):ti,ab) OR ((data NEAR/3 synthesis):ti,ab) OR ((data
NEAR/3 extract*):ti,ab) OR medline:ti,ab OR pubmed:ti,ab OR psyclit:ti,ab
OR cinahl:ti,ab OR (psycinfo:ti,ab NOT “psycinfo database”:ti,ab) OR ‘web of
science':ti,ab OR scopus:ti,ab OR embase:ti,ab OR ‘systematic overview*"ti
OR ‘systemic review*":ti OR ‘scoping review":ti OR ‘scoping literature re-
view":ti OR ‘mapping review":ti OR "'umbrella review*":ti OR ‘review of
reviews':ti OR “overview of reviews':ti OR ‘meta review':ti OR ‘integrative
overview":ti OR 'meta synthesis’:ti OR metasynthesis:ti OR 'quantitative re-
view':ti OR "quantitative synthesis":ti OR ‘meta ethnography’:ti OR ‘research
synthesis':ti OR 'systematic literature search’:ti OR 'systematic literature
research’:ti OR "evidence-based review":ti OR "evidence synthesis":ti OR
'research overview™*":ti,ab OR "collaborative review*":ti,ab OR ‘collabora-
tive overview™":ti,ab OR "technology assessment™":ti,ab OR "technology
overview™*":ti,ab OR "technology appraisal™":ti,ab OR hta:ti,ab OR htas:ti,ab
OR 'methodological overview™":ti,ab OR ‘methodologic overview™":ti,ab OR
"'methodological review*":ti,ab OR ‘'methodologic review*":ti,ab OR ‘quanti-
tative overview*":ti,ab) NOT ('case report'/de OR "editorial’/it OR ‘letter'/it OR

'note’/it) 750930
Searchfilter for RCT-studies*

9 ‘randomized controlled trial’/de OR “controlled clinical trial'/de 888905
10 random™:ti,ab, tt 1792575
11 ‘randomization’/de OR ‘intermethod comparison'/de 377338
12 placebo:ti,ab, tt 342170
13 compare:ti,tt OR compared:ti,tt OR comparison:ti, tt 588717
14 (evaluated:ab OR evaluate:ab OR evaluating:ab OR assessed:ab OR as-

sess:ab) AND (compare:ab OR compared:ab OR comparing:ab OR compari-

son:ab) 2502105
15 (open NEXT/1 label):ti,ab, tt 96811
16 ((double OR single OR doubly OR singly) NEXT/1 (blind OR blinded OR blind-

ly)):ti,ab,tt 258748
17 ‘double blind procedure’/de 195818
18 (parallel NEXT/1 group™):ti,ab,tt 29415
19 crossover:ti,ab,tt OR ‘cross over':ti,ab,tt 116813
20 ((assign™ OR match OR matched OR allocation) NEAR/6 (alternate OR group

OR groups OR intervention OR interventions OR patient OR patients OR sub-

ject OR subjects OR participant OR participants)):ti,ab,tt 419436
21 assigned:ti,ab, tt OR allocated:ti,ab, tt 448091
22 (controlled NEAR/8 (study OR design OR trial)):ti,ab,tt 416815
23 volunteer:ti,ab,tt OR volunteers:ti,ab,tt 269636
24 'human experiment'/de 578988
25 trial:ti, tt 365641
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26 90OR100R 11 OR120R130R140R150R 16 OR 17 OR 18 OR 19 OR

200R210R220R 23 0R 24 0R 25 5824378
27 ((random™ NEXT/1 sampl* NEAR/8 ('cross section*" OR questionnaire* OR

survey OR surveys OR database OR databases)):ti,ab,tt) NOT (‘comparative

study’/de OR "controlled study'/de OR ‘randomised controlled:ti,ab,tt OR

'randomized controlled":ti,ab,tt OR ‘randomly assigned':ti,ab, tt) 2864
28 "cross-sectional study” NOT (‘randomized controlled trial’/de OR ‘controlled

clinical trial’/de OR ‘controlled study'/de OR ‘randomised controlled":ti,ab, tt

OR randomized controlled":ti,ab,tt OR "control group':ti,ab,tt OR ‘control

groups':ti,ab, tt) 332599
29 "case control*":ti,ab,tt AND random™:ti,ab,tt NOT ('randomised con-

trolled’:ti,ab,tt OR ‘randomized controlled':ti,ab,tt) 19752
30 'systematic review':ti,tt NOT (trial:ti,tt OR study:ti,tt) 210071
31 nonrandom™:ti,ab,tt NOT random*:ti,ab,tt 17811
32 ‘random field*":ti,ab, tt 2669
33 (‘random cluster’ NEAR/4 sampl™):ti,ab,tt 1556
34 review:ab AND review:it NOT trial:ti,tt 983374
35 "we searched’:ab AND (review:ti,tt OR review:it) 41867
36 ‘update review':ab 123
37 (databases NEAR/5 searched):ab 54551
38 (rat:ti,tt OR rats:ti,tt OR mouse:ti,tt OR mice:ti,tt OR swine:ti,tt OR por-

cine:ti,tt OR murine:ti,tt OR sheep:ti,tt OR lambs:ti,tt OR pigs:ti,tt OR pig-

lets:ti,tt OR rabbit:ti,tt OR rabbits:ti,tt OR cat:ti,tt OR cats:ti,tt OR dog:ti,tt OR

dogs:ti,tt OR cattle:ti,tt OR bovine:ti,tt OR monkey:ti,tt OR monkeys:ti,tt OR

trout:ti,tt OR marmoset™:ti,tt) AND ‘animal experiment'/de 1159413
39 "animal experiment’/de NOT ("human experiment’/de OR ‘human’/de) 2431731
40 27 OR 28 OR290OR30OR310OR320R 33 0R340R350R 36 OR 37 OR

38 OR 39 3993596
41 26 NOT 40 5159865
42 8 OR 41 5769166
43 7 AND 42 498

Limits

43 NOT ‘conference abstract'/it AND ([danish]/lim OR [english]/lim OR [nor-

44 wegian]/lim OR [swedish]/lim) AND [2012-2022]/py 292

*Rad 9-41 consists of The Cochrane Embase RCT filter for Embase.com

https://sites.google.com/a/york.ac.uk/issg-search-filters-resource/home/rcts/embase-rct-filter?authuser=0
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Cochrane via Wiley 220531

Searchterms

Antal traffar

Spinal/vertebral diseases

1 MeSH descriptor: [Spine] explode all trees 5106
2 MeSH descriptor: [Diskectomy] explode all trees 543
3 MeSH descriptor: [Laminectomy] explode all trees 212
4 MeSH descriptor: [Laminoplasty] explode all trees 14
5 MeSH descriptor: [Spinal Fusion] explode all trees 1050
6 (spine OR spinal™ OR lumbar* OR lumbosacral OR ‘degenerative joint dis- 52272
ease™’ OR 'adjacent segment disease™' OR vertebra* OR intervertebral OR
‘odontoid process’ OR “pedicle screw’ OR microdiscectomy OR kyphoplasty
OR spondylosis OR coccygectomy OR corpectomy OR discectomy OR facetec-
tomy OR “intradiscal electrothermal therapy’ OR laminectomy OR laminoplasty
OR laminotomy OR ‘percutaneous vertebroplasty’ OR sacrectomy OR ‘total
disc replacement’ OR spondylodes* OR spondylosyndes*):ti,ab,kw
7 10R20R30R40R50R6 524472
Robotic surgery
8 MeSH descriptor: [Robotic Surgical Procedures] explode all trees 392
9 (robot™ AND (surg* OR operat® OR procedure® OR perioperat* OR intraoper- 3677
at* OR peroperat™)):ti,ab,kw
10 80R9 3677
Combined sets
(A 7AND 10 169

Limits: with Publication Year from 2012 to 2022, Cochrane Library only searched in Trials and limited to
references from Pubmed and Embase

12

"

144
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Appendix 2 Excluded studies

Author/Title

Reason for exclusion

De Vega, B., et al., Accuracy of Pedicle Screw Placement Methods in Pediatrics
and Adolescents Spinal Surgery: A Systematic Review and Meta-Analysis. Global
spine journal, 2022. 12(4): p. 677-688.

Himstead, A., et al., Bony fixation in the era of spinal robotics: A systematic
review and meta-analysis. Journal of clinical neuroscience : official journal of the
Neurosurgical Society of Australasia, 2022. 97: p. 62-74.

Naik, A., et al., Evaluating robotic pedicle screw placement against conventional
modalities: a systematic review and network meta-analysis. Neurosurgical focus,
2022.52(1): p. E10.

Pennington, Z., et al., Learning curves in robot-assisted spine surgery: a systema-
tic review and proposal of application to residency curricula. Neurosurgical focus,
2022.52(1): p. E3.

Tovar, M.A., et al., Robot-assisted and augmented reality-assisted spinal instru-
mentation: a systematic review and meta-analysis of screw accuracy and outco-
mes over the last decade. Journal of neurosurgery. Spine, 2022: p. 1-16.

Yu CC, Carreon LY, Glassman SD, Brown ME, Daniels CL, Polly DW, et al. Propen-
sity-Matched Comparison of 90-Day Complications in Robotic-Assisted Versus

Non-Robotic Assisted Lumbar Fusion. Spine (Phila Pa 1976). 2022;47(3):195-200.

doi: 10.1097/BRS.0000000000004288

Fatima, N., et al., Safety and accuracy of robot-assisted placement of pedicle
screws compared to conventional free-hand technique: a systematic review and
meta-analysis. The spine journal : official journal of the North American Spine
Society, 2021. 21(2): p. 181-192.

LiC,Liw, Gao S, Cao C, Li C, He L, et al. Comparison of accuracy and sa-

fety between robot-assisted and conventional fluoroscope assisted place-

ment of pedicle screws in thoracolumbar spine: A meta-analysis. Medicine.
2021;100(38):e27282. doi: https://dx.doi.org/10.1097/MD.0000000000027282.

Li Z, Yu G, Jiang S, Hu L, Li W. Robot-assisted laminectomy in spinal surgery: a
systematic review. Annals of translational medicine. 2021;9(8):715. doi: https:/
dx.doi.org/10.21037/atm-20-5270.

McKenzie, D.M., et al., Robotics in spine surgery: A systematic review. Journal of
clinical neuroscience : official journal of the Neurosurgical Society of Australasia,
2021. 89: p. 1-7.

Tarawneh AM, Salem KMI. A Systematic Review and Meta-analysis of Ran-
domized Controlled Trials Comparing the Accuracy and Clinical Outcome
of Pedicle Screw Placement Using Robot-Assisted Technology and Conven-
tional Freehand Technique. Global Spine Journal. 2021;11(4):575-86. doi:
10.1177/2192568220927713.

Wang, X, et al., Safety and effectiveness of multi-modal image fusion combined
with intelligent robotic arm to establish vertebral augmentation channels. Chine-
se journal of tissue engineering research, 2021. 25(36): p. 5759-5764.

Fiani, B., et al., Impact of robot-assisted spine surgery on health care quality and
neurosurgical economics: A systemic review. Neurosurgical review, 2020. 43(1):
p. 17-25.

Gu Y, Yao Q, Xu Y, Zhang H, Wei P, Wang L. A clinical application study of mixed
reality technology assisted lumbar pedicle screws implantation. Med Sci Monit.
2020;26:924982.

Systematic review

Systematic review

Systematic review

Systematic review

Systematic review

Wrong design —not RCT

Systematic review

Meta analysis

Systematic review

Systematic review

Systematic review

Wrong language

Systematic review

Wrong intervention
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Huang H, Bing H, Jixuan L, et al. Clinical effect for orthopaedic robot assisted
minimally invasive lumbar internal fixation surgery. Beijing Biomedical Engineering
2020;39:145-51.

Jamshidi AM, Massel DH, Liounakos JI, et al. Fluoroscopy time analysis of a pro-
spective, multi-centre study comparing robotic- and fluoroscopicguided place-
ment of percutaneous pedicle screw instrumentation for short segment minimally
invasive lumbar fusion surgery. Int J Med Robot 2020;e2188.

Li, H.-M., R.-J. Zhang, and C.-L. Shen, Accuracy of Pedicle Screw Placement and
Clinical Outcomes of Robot-assisted Technigue Versus Conventional Freehand
Technique in Spine Surgery From Nine Randomized Controlled Trials: A Meta-ana-
lysis. Spine, 2020. 45(2): p. E111-E119.

Peng Y-N, Tsai L-C, Hsu H-C, Kao C-H. Accuracy of robot-assisted versus conven-
tional freehand pedicle screw placement in spine surgery: a systematic review and
meta-analysis of randomized controlled trials. Annals of translational medicine.
2020;8(13):824. doi: https://dx.doi.org/10.21037/atm-20-1106.

Sun J, Wu D, Wang Q, Wei Y, Yuan F. Pedicle Screw Insertion: Is O-Arm-Based
Navigation Superior to the Conventional Freehand Technique? A Systematic Re-
view and Meta-Analysis. World Neurosurg. 2020;144:e87-€99. doi: https://dx.doi.
org/10.1016/j.wneu.2020.07.205.

Yonggi, L., et al., Minimally invasive versus conventional fixation of tracer in
robot-assisted pedicle screw insertion surgery: a randomized control trial. BMC
musculoskeletal disorders, 2020. 21(1): p. 208.

Pennington, Z., et al., Evaluation of surgeon and patient radiation exposure by
imaging technology in patients undergoing thoracolumbar fusion: systematic
review of the literature. The spine journal: official journal of the North American
Spine Society, 2019. 19(8): p. 1397-1411.

Perdomo-Pantoja, A., et al., Accuracy of Current Techniques for Placement of Pe-
dicle Screws in the Spine: A Comprehensive Systematic Review and Meta-Analysis
of 51,161 Screws. World neurosurgery, 2019. 126: p. 664-678.e3.

Siccoli, A., et al., A Systematic Review and Meta-Analysis of Perioperative Para-
meters in Robot-Guided, Navigated, and Freehand Thoracolumbar Pedicle Screw
Instrumentation. World neurosurgery, 2019. 127: p. 576-587.e5.

Yang Rui Y, Yonggi L, Ke Z. Clinical application and experience of pedicle screw
insertion assisted by tianjiorthopaedic robot. Journal of Practical Orthopaedics
2019;25:892-7.

Zhai Gongwei Z. Robot-assisted versus traditional posterior pedicle screw internal
fixation in the treatment of scoliosis. Journal of Practical Diagnosis and Therapy
2019;33:636-40.

Cannestra, A., et al., Complications and revision rates in robotic-guided vs
fluoro-guided minimally invasive lumbar fusion surgery - A report from the MIS
refresh prospective comparative study. Global spine journal, 2018. 8(1): p. 25

Gao S, Lv Z, Fang H. Robot-assisted and conventional freehand pedicle screw
placement: a systematic review and meta-analysis of randomized controlled trials.
European spine journal: official publication of the European Spine Society, the Eu-
ropean Spinal Deformity Society, and the European Section of the Cervical Spine
Research Society. 2018;27(4):921-30. doi: https://dx.doi.org/10.1007/s00586-
017-5333-y.

Ghasem, A, et al., The Arrival of Robotics in Spine Surgery: A Review of the Lite-
rature. Spine, 2018. 43(23): p. 1670-1677

Staartjes, V.E., A.M. Klukowska, and M.L. Schroder, Pedicle Screw Revision in Ro-
bot-Guided, Navigated, and Freehand Thoracolumbar Instrumentation: A Syste-
matic Review and Meta-Analysis. World neurosurgery, 2018. 116: p. 433-443.e8.

Unaviable in english &
homepage of publisher
expired

Wrong design, not RCT

Meta-analysis

Systematic review

Systematic review

Wrong intervention

Systematic review

Systematic review

Systematic review

Unaviable in english &
homepage of publisher
expired

Unaviable in english &
homepage of publisher
expired

Wrong publication type
(Abstract only)

Systematic review

Systematic review

Systematic review
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Wang, M.Y., et al., Complications and revision rates in robotic-guided vs. flu-
oro-guided minimally invasive lumbar fusion surgery-report from MIS ReFRESH
prospective comparative study. Journal of neurosurgery, 2018. 128(4): p. 21022.

Xu (Peng X, Peng G, Ren-jie Z. Effect of robot assisted pedicle screw fixationin the
treatment of thoracolumbar fracture. The Journal of Cervicodynia and Lumbody-
nia 2018;39:687-90.

Joseph, J.R., et al., Current applications of robotics in spine surgery: a systematic
review of the literature. Neurosurgical focus, 2017. 42(5): p. E2.

Kim, H.-J., et al., Biomechanical advantages of robot-assisted pedicle screw
fixation in posterior lumbar interbody fusion compared with freehand technique
in a prospective randomized controlled trial-perspective for patient-specific finite
element analysis. The spine journal : official journal of the North American Spine
Society, 2017. 17(5): p. 671-680.

Tian W, Fan MX, Han XG, Zhao JW, Liu YJ (2016) Pedicle screw insertion in
spine: a randomized comparison study of robot-assisted surgery and fluoros-
copy-guided techniques. J Clin Orthop Res 1:4-10. https://doi.org/10.3969/].
issn.2096-269X.2016.01.002 26. Macke JJ, Woo R, Varich L (2)

Shin M-H, Hur J-W, Ryu K-S, Park C-K. Prospective comparison study between
the fluoroscopy-guided and navigation coupled with oarm-guided pedicle
screw placement in the thoracic and lumbosacral spines. J Spinal Disord Tech.
2015;28(6):E347-351. doi:10.1097/BSD.0b013e31829047a7

Marcus, H.J., et al., Robot-assisted and fluoroscopy-guided pedicle screw pla-
cement: a systematic review. European spine journal : official publication of the
European Spine Society, the European Spinal Deformity Society, and the European
Section of the Cervical Spine Research Society, 2014. 23(2): p. 291-7.

Zahrawi F (2014) Comparative analysis of robotic-guided pedicle screw placement
accuracy and freehand controls in percutaneous adult degenerative spinal instru-
mentation. Spine J 14:563

Wrong publication type
(Abstract only)

Unaviable in english &
homepage of publisher
expired

Systematic review

Wrong outcome

Wrong publication type
(Conference)

Wrong intervention

Systematic review

Wrong publication type
(Abstract only)




Region Orebro lan En systematisk éversikt om robotassisterad vs sedvanlig ryggkirurgi

34

Appendix 3 Duration of surgery and radiation

Duration of surgery Radiation
Minutes (Mean) Seconds (Mean) pSv /mGy
Orthbot
LiJ, 2021 NR NR
2 Time per case
. "QOperation time” I 7, C:9 p=0.000
Liz, 2020 I: 289, C: 266 ns Time per screw
l:0.56, C:1.04 p=0.000
TiRobot
“Duration posterior”
Feng, 2020 .57 ". 110 p=0.00 NR
"Duration of surgery”
Fan, 2020 1550, ¢: 210 ns NR
“Operative time”
Feng, 20191994, ¢ 114 ns NR
6 "Time of surger” Time per screw
Han, 2019 13293 nys : 815, C: 71.5 ns
' T pSv I: 21.7, C: 70.5 p= 0.00
Mazor Renaissance
7 Time per screw
"Skin to skin” I: 3.5, C:13.3 p< 0.001
Hyun, 2017 l: 208, C: 208 * pSV per screw
[: 0.1, C: 0.3 p=0.015
. "Skin to skin”
Kim, 20171520, C:189 ns NR
9 . "Operating times”
Kim, 201511217, €: 195 ns NR
Mazor Spine Assist
10 Roser, 2013 "Preoperatively” Time
[: 20, CNA [:15.98, C: 31.5NR
Intraoperatively mGy
I: 35, C :27* [: 11.03, C: 18.9NR
11 Ringel, 2012 "With decompression” Radiation/screw
11132, C:151 * 114, C: 114
"without decompression” mGy except planning
1:84, C:95 l:411.6, C: NA

*No p-value reported
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Appendix 4 Conflict of interest in RCTs

Disclosure of financial
conflict of interest

Authors involved in
the development

Information on funding of the robot

Orthbot
The study was conducted under the cooperation between the
LiJ, 2021 Declare no conflict of interest. Dep of Orthopaedics, Peking University, and Xin Junte Smart Yes
Medical Equipment Co. Ltd, Shenzhen, China.
The study was conducted under the cooperation
Li Z, 2020 : . between the Dep of Orthopaedics, Peking Universi-
Declare no conflict of interest. ty, and Xin Junte Smart Medical Equipment Co. Ltd, ves
Shenzhen, China.
Ti-Robot
Feng, 2020 Declare no conflict of interest. NR Yes*
The National Natural Science Foundation of China (CN) and
the National Key Research and Development Program of .
Fan, 2020 NR China (CN)) funds were received in support of this work. No ves
relevant financial activities outside the submitted work.
This work was supported by the National
Key R&D Program of China and the Na- N
Feng, 2013 tional High Technology Research and Dev NR ves
Program of China.
Report no conflict of interest concerning
Han, 2019 the materials or methods used in this study NR Yes*

or the findings specified in this paper.

Mazor Renaissance

No relevant financial activities outside

7 Hyun, 2017 the submitted work. No funds were received in support of this work.**

The provider had no role in the This study was partially supported in kind by Mazor Robotics
study design, data collection and analysis,  and Medtronic Inc., which provided the robot system, and

8 Kim, 2018 decision to publish, or preparation of the by Basic Science Research Program through the National

manuscript. The authors have no conflicts ~ Research Foundation of Korea (NRF) funded by the Ministry
of interest to declare. of Education, Science and Technology.

This study was supported by Basic Science Research Program
The authors have no financial conflicts of through the National Research Foundation of Korea (NRF),

8  Park, 2018 interest funded by the Ministry of Science and ICT, and by Mazor
Robotics Inc., and Medtronic Inc., which provided the robot
system.

-dr:;gr:()\(/jljtear ?c?l(ljegt?orrflz?nlg ;rr]wilits?sd%he Funding Information This study was partially supported by
8 Kim, 2017 2 . . ! Mazor Robotics and Medtronic Inc., which provided the
decision to publish, or in preparation of
. robot system.
the manuscript.
No funds were received in support of this work. Rel-
9 Kim, 2015 NR evant financial activities outside the submitted work:

payment for lectures.**

Mazor SpineAssist

The authors have no personal finan-
cial or institutional interest in any

of the drugs, materials, or devices
described in this article.

10 Roser, 2013

NR

No benefits in any form have been or
will be received from a commercial
party related directly or indirectly to
the subject of this manuscript

Ringel,

02

No funds were received to support this work.

* Wei Tian, Yajun Liu, and Mingxing Fan were co-authors of a conference abstract declaring involvement in the design of the robot:

Tian, W., et al. (2017). Robot-assisted upper cervical spinal surgery. CAOS 2017, 17th Annual Meeting of the International Society for Computer Assisted Or-

thopaedic Surgery, K Radermacher, F Rodriguez-Y-Baena. Aachen Germany, EPIC Series in Health Sciences. 1: 18-22. Wei Tian is a co-author of the included
RCTs 3-6, Yajun Liu of included RCTs 4-6 and Mingxing Fan of included RCT 2 and 4.

** all studies om Mazor renaissance were conducted in the same time period by the same research-group
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Appendix 5. Ongoing clinical studies and systematic reviews (database search 2022-09-27).

Sokningarna i databasen ISRCTN gav inga pigiende RCT med en frigestillning som matchade vért
PICO. Sékningarna i databasen PROSPERO och Clinical trials gav fyra pdgiende systematiska Gversik-

ter och tre studier med en frigestillning som matchade virt PICO. Nedan aterfinns datum f6r registre-

ring, forfattare, titel ID-nummer och land.

Prospero:

Datum Forfattare  Titel ID Land

2022-09-23 Wu et al. Comparative Effects Of Different Minimally ~ CRD42022359614 China
Invasive Surgical Techniques for Lumbar
Spinal Stenosis

2020-07-23 Lietal. Accuracy of pedicle screw implantation in CRD42020193827 China
different ways: a network meta-analysis

2021-12-21  Tian et al. Accuracy of various types of spinal robots in  CRD42021288938 China
robot-assisted pedicle screw insertion

2017-12-18 Huangetal. Comparative clinical, operative and radio- CRD42018085599 China
graphic outcomes of different techniques
using the different approaches for lumbar
interbody fusion for single-segment lumbar
diseases

Clinical trials:

Datum Forfattare  Titel ID Land

2022-09-23 Oudetetal.  Study Comparing Arthrodesis Technique of NCT05553028 France
Thoracic and/or Lumbar Spine by Posterior
Approach Performed by Robot-assisted
Surgery (Robot Mazor X Stealth ™) Versus
Conventional Surgery

2022-05-24 Fan et al. Cost-effectiveness Analysis of Robot-assist- NCT05388383 China
ed Spinal Surgery

2019-10-21 Tian et al. Early Mobilisation in the Surgical Robot NCT04133103 China

Assisted Spinal Surgery
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