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Background: Promising results have been shown in previous studies from direct pars
interarticularis repair. These include Scott wiring, Buck repair, pedicle screw repair, and Morscher
techniques. In addition, several minimally invasive techniques have been reported to show high
union rates, low rates of implant failure and wound complications, shorter length of stay, a lower
postoperative pain score with faster recovery, and minimal blood loss

Objectives: To compare the evidence on technigues for direct pars interarticularis repair.
Study Design: Systematic review and meta-analysis.
Setting: Review article.

Methods: We conducted a comprehensive search of databases to identify studies assessing
outcomes of direct pars interarticularis defect repair. Two authors independently screened electronic
search results, performed study selection, and extracted data for meta-analysis. Sensitivity and
subgroup analyses were performed to assess risk of bias.

Results: Forty studies were included in the final analysis. Union rate was higher in the pedicle
screw repair group (effect size [ES] 95%; 95% Cl, 86% to 100%), followed by the Buck repair
group (ES 93%; 95% Cl, 86% to 98%), Scott wiring (ES 85%; 95% Cl, 63% to 99%), and
Morscher method group (ES 63%; 95% Cl, 2% to 100%). Positive functional outcome was higher
for the Morscher method (ES 91%; 95% Cl, 86% to 96%), followed by the Buck repair group
(ES 85%; 95% Cl, 68% to 97%), pedicle screw repair (ES 84%; 95% Cl, 59% to 99%) and Scott
repair group (ES 80%; 95% Cl, 60% to 95%). Complication rates were highest among the Scott
repair group (ES 12%; 95% Cl, 4% to 22%) and Morscher method group (ES 12%; 95% Cl, 0%
10 34%).

Limitations: Heterogeneity of the included studies were noted. However, we performed
sensitivity analyses from the available data to address this issue.

Conclusion: Our results indicate that pedicle screw repair and Buck repair may be associated
with a higher union rate and lower complication rates compared to the Scott repair and Morscher
method. Ultimately, the choice of technique should be based on the surgeon’s preference and
experience.

Key words: Pars interarticularis, pars fracture, direct repair, Buck repair, pedicle screw repair,
Morscher method, Scott repair, minimally invasive pars repair, review
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pondylolysis, defined as a defect in the pars

interarticularis, is a common degenerative spine

pathology with an incidence as high as 7% in
the adult population, as reported in the literature (1).
The vast majority of cases occur in the lower lumbar
vertebra (L5); most patients are asymptomatic and
unilateral (2). Although the cause of spondylolysis
remains unknown, hereditary and acquired factors
are both considered to contribute to the defect (3,4).
The mechanism includes hyperextension and rotation
of the spine. Risk factors include men, strenuous
activities at a young age, repetitive axial loading, and
hyperextension (5,6).

Conservative treatments, such as decreasing
strenuous activities and bracing, are effective with
early diagnosis and treatment (7,8). However, patients
may require surgery if pain persists after 6 months of
nonsurgical treatment (9).

Promising results have been shown in previous
studies from direct pars interarticularis repair (10).
These include Scott wiring, Buck repair, pedicle screw
repair, and the Morscher technique. In addition, several
minimally invasive techniques have been reported to
show high union rates, low rates of implant failure and
wound complications, a shorter length of hospital stay,
and a lower postoperative pain score with faster recov-
ery and minimal blood loss (11-20). In the current study,
we performed a systematic review and meta-analysis to
summarize the evidence on direct pars interarticularis
repair techniques.

MEeTHODS

Search Strategy and Selection Criteria

A comprehensive search of the databases PubMed,
Embase, Cochrane Central, Web of Science and Scopus,
covering the period from 1946 through September 1st,
2020, was conducted following the Preferred Report-
ing Items for Systematic Reviews and Meta-analyses
(PRISMA) guidelines (21). The search was limited to
English language, human studies only. The search
strategy was designed using the PICO approach (Popu-
lation, Intervention, Comparator, and Outcomes) to
address the following question: for patients with pars
interarticularis defect undergoing surgery (Popula-
tion), which direct pars interarticularis repair technique
(Intervention/Comparator) is associated with superior
outcomes (Outcomes)? The search was conducted by an
experienced librarian with input from the study’s prin-
cipal investigator. Controlled vocabulary supplemented
with keywords was used to search for studies describ-
ing the surgery for pars interarticularis defect repair. A
description of the full search strategy is available in the
supplementary material.

Data Extraction

Our meta-analysis included randomized con-
trolled clinical trials, observational studies, case
series, and case reports that compared patients who
received different surgical interventions for a pars
interarticularis defect (Fig. 1). Our inclusion criteria
for the study populations were any patients who had

1=

[

\7 2§
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Fig. 1. A summary of direct pars
interarticularis repair techniques: A: Scott
repair. The wire passes through the transverse
processes and stabilizes the defect by wrapping
around the spinous processes. B: Buck’s
repair. The screws are passed from the
infertor edge of the lamina across the defect
after placing the bone grafis into the defect C:
Morscher repair. Bone grafis are placed into
the defect. Then the screws are inserted in

the superior articular processes followed by a
hook hanging under the lamina. D: Pedicle
screw with hooks/wire/rod. After pedicle
screws are placed, lamina hooks/wire/rod are

pars interarticularis repair. The spinal needle
is inserted to navigate toward the pars defect
under fluoroscopy. After bone grafis placed
into the gap, a direct repair of the defect is
performed with screws.
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received direct pars interarticularis repair surgery or
minimally invasive techniques for spondylolysis, de-
fined as small incisions less than 2 cm (Fig. 1). Patients
were excluded if they had cancer, immunodeficiency,
autoimmune conditions, or use of systemic cortico-
steroids. Studies that did not conform to our PICO
or a wrong setting were also excluded. A wrong
comparator could be excluded if comparing the fol-
lowing: with or without the use of bone grafts, 3D
printing or robot assistance/guided, and fracture
morphology. A wrong outcome could also be applied
in articles that only described the surgical technique
without reporting outcomes.

Two reviewers (SHLT, WCC) independently ex-
tracted information using a piloted data collection
form, including general study characteristics and
outcomes. General study characteristics included
study origin (country), study design, study popula-
tion inclusion and exclusion criteria, description of
the experimental intervention, and potential effect
modifiers like age, gender, race, and sports activities.
Outcomes included the number of events and total
number of patients in the intervention and control
arms for binary outcomes, means, standard devia-
tions, and group sizes for continuous outcomes and
the adjusted effect estimates with 95% confidence
intervals. We filtered studies that reported actual
numbers versus percentages for the meta-analysis.
All selected literature was documented in Covidence
(www.covidence.org).

The reported primary outcome measures included
union rates, implant failure rates, wound complica-
tion rates, and other complications. Data on other
reported outcomes, including length of stay, surgical
time, blood loss, patient reported outcomes, and pain
intensity scores (Visual Analog Scale [VAS]) were also
collected. Positive functional outcomes were defined
as a postoperative Oswestry Disability Index (ODI) score
less than 20, or excellent and good outcomes follow-
ing the Henderson, Odom, and Macnab criteria. Two
assessors (SHLT, WCC) independently reviewed all titles
and abstracts. Articles were selected for full text review
if inclusion criteria were met, based on agreement of
the reviewers, with a low threshold for retrieval. Dis-
agreements were resolved by discussion between the 2
reviewers; a third person was available when consensus
could not be reached.

Quality Assessment
Two reviewers (SHLT, WCC) assessed the risk of bias

using the Newcastle-Ottawa Scale for observational
studies (22). Quality assessment was performed ac-
cording to the Grading of Recommendations, Assess-
ment, Development, and Evaluation (GRADE) scale (23)
(Supplemental Tables 1 and 2).

Data Synthesis and Analysis

Union rate, implant failure rate, wound compli-
cations and other complications were summarized
using pooled proportion of events (effect size [ES]),
with corresponding 95% confidence intervals (Cls)
calculated by the Wilson method (24). Continuous
outcomes were pooled using weighted averages
(WA) with standard deviations (SDs). Results are
graphically represented by Forest plots (25). The
Freeman-Tukey transformation was used to stabilize
variance to include studies with a zero event rate
(26). A random-effects model using the DerSimo-
nian and Laird approach (27) was used to account
for high heterogeneity (> 50%) between studies.
Heterogeneity, or inconsistency of effect estimate,
within studies, is quantified by Higgins 12 (28).
Heterogeneity and variability between subgroups
indicate whether the pooled estimate from one of
the devices is different from the others, represented
by a P value. Between-study heterogeneity was as-
sessed using Cochrane Q and I? statistics. According
to the Cochrane handbook, heterogeneity is consid-
ered nonimportant with 12 < 30%, P < 0.1; moderate
with 12 = 30%-60%; and substantial with 1> > 60%,
P > 0.1. 72 is the variance of true effects, reflecting
the amount of true heterogeneity. Hence, 12 may be
viewed as the proportion of variability in the point
estimates that is due to 12 rather than within-study
error (29). Publication bias was evaluated by generat-
ing funnel plots and examining them for any obvious
visual asymmetry (30). Sensitivity analyses were done
to exclude studies reporting 100% fusion rates, 100%
positive functional outcomes, no complications, and
studies with less than one year follow-up. Subgroup
analyses were done for studies with predominantly
women and sporting populations. A P value < 0.05
was considered statistically significant. Statistical
analysis was conducted using the Stata Statistical
Software, Release 14 (StataCorp LLP).

Protocol and Registration

This systematic review was performed following
the PRISMA statement. Additionally, it was recorded on
the PROSPERO database (CRD42020199928).
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REesuLts

Study Results, Identification, Quality
Assessment

The search identified 8,097 bibliographic refer-
ences through the PubMed, Embase, Cochrane Central,
Web of Science and Scopus databases (Fig. 2). After
duplicate papers were removed, there were a total of
7,500 records in title and abstract form available for
further screening. We excluded 7,417 clearly irrelevant
references through a reading of the abstracts. Subse-
quently, we assessed 83 references for eligibility for our

systematic review and meta-analysis. After scrutiny, we
further excluded 38 of these references as they did not
fulfil the inclusion criteria (11 studies had the wrong
comparator, 5 the wrong language, 19 the wrong
outcomes, one had the wrong study design, one the
wrong intervention, and one study had the wrong pop-
ulation). Subsequently, 45 references met our inclusion
criteria for this systematic review and meta-analysis.
These studies were published from 2003 through 2019
(Table 1) (11-17,19,20,32-37,39-44,46-56,58-64,73).

We included studies after 2003 in order to make sur-
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Fig. 2. PRISMA flow diagram of the study.

268

www.painphysicianjournal.com



Pars Interarticularis Fracture: A Systematic Review and Meta-Analysis

SIOYI0M ATeJUapas ALy

pue qof fenuewr £aeay Surmm
B UI PIAJOAUT 91oM OUYM ST nm sd
A ‘s1akefd 190008 oxt pu01d 10 . e ) . SLI0S pueesz .
10 4q8n1 aannaduion PaXIN paptaoidjoN 00°ST ‘€ (11-9)seL | (9s-91)€T | (S/S1)00°ST 52D MON (Lp) red
215M OYM SJUIPNIS
U2A3S nEQEmuhO&m [oA9] g MEC;» pilonly
3JE)S JO [BUOTJEU 3211}
aredax 110dax
[Teqaseq 110dg papraoid JoN 0 9 L1 (1/0) 001 I g SIN a5e) vsn (11) ueuuazg
9)9[Ye TauLIR) 5 e R (L1 . Yooy/po1 SILIaS 21850
Superpad PaXIN (081-09)7911 0 ©9TL | pyger | (UM000C S PIMSASIN | a5 vsn (£€) 31330N
pauonuaw e . SOLIAS
1N papraoid joN LTS TT (€11-9)65 | (TS9N ¥E | (8/ST)8LWE G| | Do | IR | () s
STuuo) 10 [03 reqaseq ) (L€ . SILIaS
Teqhorion 4qgna) wiods papuoid 0N 0 LoD IS | (g | (@) Ls'8T L Sutmmoos | 0 uedef (¢€) eme30
pauonuaur . . . SaTIS
10N papiaoid 10N paproxd JoN O1-11)8%1 | T8I (91/6) 0079 14 RIS | | el | (G OreEes
pauonuaw ) (6T . SOLIdS
JON papraoid joN papraoidjoN BP0 | [)ege | (LD ¥89E 61 [looqtpmsd | o ureds (v¥) w00y
pauonuawr Spuoid 10 20 (981 (6€ . poyjew S9L198 eunsn A
1N papraoxd JoN 696 ‘LOT 2D 08T | -62) oo (S€/8L) L6°0€ €11 IYPSION 2523 msny (€¥) oruea
pauontidu opraoid jo opraoid jo (081 (87C : Surnm poo $oLoS Teys
N papuordioN paprordioN 96)50¢T | -enper | BOFILS V1 MIMHOS | o N (1%) Ty
19J[08 & oUO 3
pue 1a£ed stuud) e ouo ¢ R
‘s1ohkerd Aapoy] saxy papiaoxd (¥ . SOLIdS
1)1 [euorssajord wodg papraoxd JoN papisoid 10N 0N D zor | WEDTIE 220 AN (6€) Weuqaq
1IN0} ‘SI3[[eqI00J 61 edarpng
Teuorssajord azom ¢1
(1€ SILIdS
S1939301I0 Teuorssajord 110dg papnoxd JoN papnoxd JoN (021-22) 89 81§02 papnoxd JoN o1 1redarong asen) N (8¢) yemeury
pauonuaur . ) (81 . potpour SaTIS
JOUIULMS JUIISI[OPE 10N paproid 10N 0007 8L05) | gpygor | (/D 0008 S IYPSION ase) vsn (9¢) wpunT]
g SaTI2S
7108 ‘stuua) ‘reqaseq yods papraoxd 10N 0 .oﬁmwww .N%Mm OmD 000 | oc | Summnoos | TP | uedef (z5) emezoN
pauonuawr ) _p N (Y2 . medoyypng | somes
N (07z-06)8€1 98'Th ‘¢ @@OLTL | i ege | (EM8T L sdoosopug | ase uedef (1¢) oares
(semuryy) (oo
. (% @ (aBuey)
uonemdog auuig, (sqpuoyy) JIRIN) Iaquun
[renq sisoysijo[Apuodg By K198ang ugsaq
: ELETELE | uonesdg : : dn-moyjoq o om0y | Julneg : Anunoy Se0uIaJOY
: : parerdossy uea\ ' Jo adLy, Apmg
uBIRY :1epu9n)

110709 [[RIdA(Q)

‘Sa1pNIs popnjoul .\,@ SINSLPIDIDYI dULISDY T 9[qe],

269

www.painphysicianjournal.com



May/June 2022 25:265-282

Pain Physician

Ecmmma papraoid joN papuoid joN (szse | . N% w. g1 | (/6D FOET (44 Yooy yim Sd M%ow BunD (¥5) noyz
dNd
(s31rpe apraoid jo ap1aoid 1o DAVA (s ap1aoid 1o M aredax e T
9629) paxypy | PPPMOIGION paprordioN @08 | 1y op | POPHOIIN € vﬂusw e a5 vsn (€D PIM
‘oea ased |
ur 3urILaUTEUNOW PUE
1[I PRY T[eqyos
‘uojurwIpeq ‘vjerey pue
Uoea sased g ut unjem
pue ‘3utSof Burururims od: ap1aoid j0 " : Surim oo $OHS uede| 0
[[EqSEq Yowd 5358 Hodg papuoidioN 0 S8 Tye (11/€€)00°5T 44 UM HOOS | oy { (€9) PIOTH
¢ ur 3umex sp4oiq pue
Surpreoqmous Yoed
$3SED G Ul SIUUd) pue
[[eqo0j pue ‘sased / ut
J[03 ‘sased g U [[eqaseq
SoIoM SILIdS
reorsyd Aaeay 10 podsuoN | paprordjoN 0 (€T1-9€) 12 | (6T-ST) T2 | (S/0T) 00°0T 14 aredox ypng 2523 [noag (zg) wry
sa)aqpe euorssajoid ou
oz 0 (¢s-09) L€ | (87-50) 8¢ €0 [ Mooy pmsd | yroqo
pauonuow LST) 6 VLT
uo.Z = pap1aoad JoN aa1pads [noag (15) urys
- - aredax yon -019yg
-el) 2151 0 (9¢-¥2) 8T | (2#-97) T SI reda1ypng
pauonusw . o . pox SLIaS d43
_— (ocr‘ozr) Set 00705 T al (67's7) LT (0/2) 0 “ PMSISIN | 35D dAsg (21) uipid
‘SISON02S zle(ejuleleeg s POl TN Sd SIOLIaS
orgedorpt 1oy o P 1N (0ST-501) ST 00°0¢ ‘€ (F8¥0)¥S | (61-¥1) 91 | (£/€) 00°0L Surm ase 143 (05) uerdoyy
UONO3.110D [ed15INS 19)Je S M §q o
pauonuaw d o (928 (1z . $I1IIs
10N papiaoid 0N 00'S7 ‘6 98y | -6)6er (8/21) 00°0% 0T POImIMSd | o N (07) Jorv
’e Surmm
P sd 110y0d
pauonuaur ) (081 - .
10N papuoid joN 00T ‘¢S oy gor | OCODSL | (Ce/ov) 8vse p Supm noog mwmwmw A (6¥) PIPOID
/L aredar ypong
pauonuaw } — ) y . SaLIdS (8%)
10N (5L-S7) 8S TTTTT (801-6) S | (T€-ST)¥T | (€/9) €€7€€ 6 aredox ypng ase) ueIpu] ueeaseley
(senuryy) (uowmopy
- (% “w) (o8uey)
nemdog aury, (sqruopy) [WR) | Pquny
rerq d sisoypisijojApuodg d By £198ang uSiso(q
JLIETVLH | uonemnd( pore0ssy n-mojoq — 0,UoWIoA | jUAnReJ ' odt p .: £ nunor) $00UBIIYIY
uBI : LIpuan J L pPms

110709 [[eIA()

"sa1pnis papnjout fo $2115142190.40Yy> 2u1jasvE *(JUOD) T Aqe],

www.painphysicianjournal.com

270



Pars Interarticularis Fracture: A Systematic Review and Meta-Analysis

[eqiseq ( )
SPen reqyos @ @ L1 . SOLI3S 9
sonseutAS Supsoam odg papuoid joN T #9611 | ST (9/€)£999 6 TOOY MM | ey vsn ysnquapny
[eqQO0J ‘9dUEp
papuoid . S9LISS (09)
192008 110dg papuoid JoN papuoxd JoN 10N (81-€T1) (0/9)0 S 1edaryong aser) pueod DEMOpOLEY
dINgG
SALIaS
y10dg 6CF681 0 (6s-7)80¢ | _ SN. (e/9)ecee 6 /m aredax : vsn (ST) TeIIqOYD
Y1) L'LT aseD)
Png STN
(81 dINgG
odg LYTF861 6TFT T 4 1) Fo1 (e/m)98°Ty L SOOYPUE | 410400
POIIMSd | sanoads VSN (£1) seyerey]
1iodg 0'SEFIST ITTT°T |14 w (D aed 6 aredar o
~€1) 861 Yong SIN
anbrupay
ordoosop
pauonuaur (€81 ) . (057 . -U20IDIW 29 SILISS eu o
10N ST1)OLHT 0 (€00 LS | ypgr | (1L9E9E 8¢ T 2583 ) (07) nyz,
-eueu /m
1edaxyong
pren o/A 9 aredar SOLIAS
[euoneu Aaypoy eI 110dg Yaal 0 Fp-21) suo3jdeoxa | papmord joN 8 xus.m SIN mm.mU VSN (91) SO
[eq4arion eqro0y (€2-91)
onuauI SILISS
Eas.w (0TT-08) S8 papraoid 10N FeeD vl | (ceeDce | (0/2€) 0 (43 POIMSd | o L) (69) nd
pauonudw ] (88¢ (61 ) LIS
TN papraoid JoN 001 ‘S€ w0 gl | e | CUBDLSSY | e medarspg | OO0 | eouery | (gg) wewspog ap
(2B . ) ) . SILIAS
so1g) poxry | PPN S7'9°C (SET-¥0) 09 | (LE-OT) 9T | (LI/P1) ¥8FS 1€ TR | vsn (£s) ¥BuaN
(0¢-11)
(sarorpe spaoad 10 (9¢ E.WS% op1a01d 10 1 dING /M SaLIS vsn (66) 1opku
%05) poxiy | PP N 0 -21) 90°F1 Eww popt D wedarpng | aseD s ps
-oxd 10N
pauonuauw . . ) . (€s . Yooy/poi1 SILIAS wede -
N (92€-500) 8Lt 0001 ‘T (ST T | _yore | (@8)000C or wmsasn | o { (S5) eyeer,
(somunyy) (% ) (o) (uwowoy
uonendog auug, (stpuogy) JUI) JIaquuiny
rerq : sisotpisijojApuodg sy £198ang uSiso(
: uRne uonead : ’ dn-mojyjoq o uomIo)| | JulnEeJ . Anjuno S90U2IAT9
ned : 0 91RI00SS ued ° : d£ £ umoy) o
eI\ poret v N 119puas) J0 odAL pms

110709 J[BIdA()

‘so1pmis popnjoul ,\Q SITISLIIIDIDYI JULISDE] .AHQOUV IEICLAN

271

www.painphysicianjournal.com



Pain Physician: May/June 2022 25:265-282

M OH KUV T R LE YUY ITh® U LY L C LT D C L CCO U O >y ,h0RC bl oWy 0CcNOY Lo
- 2335388282 eReccEtEZ L2922 0mgleadcE288sgRl8sgs8 £°2¢5
o EZES N BmMETST _28532-38¢8¢8¢ 2525, " BETI LIRS, av .y
= © bt =&H - =B v o © = S5 © + QL un 5 <
mreyﬁw.em% %U Ome emtﬂM| ..ﬂ.M”tV...mm....w.nm mmaﬂmaEbRS h'ﬂ,
Ca..lm”erlsw...l_ ~ md — ..lmrlm MHu Ca..hlbaAam mp ..mcpm th.nem c
2 a mt SygovmoY om\.b.edshw s £ E£% .W%..Iuo 5 o.£ 3 aMm © Egd
— g o £ NS ET”L8T & SE8% goeEeper e 2958Te EcC % 00 EQg 35w
Soc 28 S58cC 2Eca5553580682ubmE83  2evB820854,8E55EFY
DowmERZIERADSDTENVYITC ET R lohELSE T Ro-r 2o oo Exx oS BScxso0oF 20T Y E
(1) 10kerd
reqro0j (1) 1o4ed (sa9913e ) . i 1reda1 yonq SaLIdS
onseuwi4S () 1oked 9%.S) PIXTA (08-55) 59 0 1e (8c-on) T (@/s)9o8e L srdoosopuyg aseD 143 (€£) ueurrios
STUUQ) [EUOISSAYOI]
e (8T (ze . aredar S9LIdS
XT A 125
PXIN Ui Irire Z0p091 | -gner | GODITY 81 g SIA asen) 0L (59) 1250
pauonuaur j10dax
1N pL1 0 a 6¢ (1/0)0 ! pormussd (F5 uede( (€) TypnayeL,
(sar9rpre e . (2T12) aredax 110da1
0§ pue YoeI) U0 opraoad jo 24e,
[eqyos pue 3pen 905) poxtyy | PPPHACIAION 00°0S ‘T (sT'1) €T et (¢/0)001 (4 g SIN 250 vsn (v1) padeg
QUOTUSW 10da1
E Su papaoid 10N 0 S 14 (1/0)001 I medorypng | eI[exsny (#9) sqqoW
N ase)
pauonuaw apraoxd Jo 0 9 oz /Mo . aredax yodax eut (2h) uer
10N Pap! N »ong SN asen o 1L
| ooy 310100
142 ¥¢-9) 1 0C-T1)91 1/21)69°L €1
ﬁosuﬁmme& papnoid JoN v ¢ ) (a0 MEPD M ST | aanoads uede( (¥€) eprysI
SIT (6e-6) T | (02-91)91 | (€/2)00°09 S qooy m g |~
E%ﬁw Mmm% © (11/€£)00°ST 44 aredaxypng
sona[e (¢) Sururunms (sar913e papoxd g SILIdS
(¢) onseunik8(g) | 9¥6) POXIN paproxd JoN 0 10N (0¢-8) 61 . 258 N (€9) weugeq
1oL .\An_ PaMOT[0] (2/1)L999 ¢ Surnm Rodg
(z7) (19320s) TeqR00]
pauonusw ¢ (0/1) 01 JIIM sk epeue (9) wisIo,
TN 0zt 001 ‘T ¥ 05 0/10 I pomaE | o peue) 29) uIsIoA
SIYL
*SIOIOM DTPJO dIoM (oe 1redar soLIas
syuaned g pue ‘salo[ype PaXIN 846 0 ©e9Tye | T (S/81PL 1T € on ase e (61) uery,
9I9M T ‘SISMIOM [enueta y16TT e SIN o
2I9M HT SIUSPIIS 2TOM G
(semuryy) (oo
uonemdo, auun (% ‘m) (oBuvy)
nemdog 1L Couode | CTUOI) | o [WOR) | Joqumy
[rerq d sisaysijojApuodg | vy £L1931ng ugdisa([
ey uonemndg n-mo[oq o Ul | JUWenEeg : £numoy) seouRIIJOY
pareossy B3I Jo adL], Apmg
ueay :I0puas)
110700 [[RISA(Q)

‘Sa1pnis popnjoul ,\Q SISLIIIDIDYI dULISD L] .AHEOUV 1 Qﬁﬁm,ﬁ

www.painphysicianjournal.com

272



Pars Interarticularis Fracture: A Systematic Review and Meta-Analysis

Union Rate

Among the studies reporting union rates, 6 involved
Scott wiring and 13 involved pedicle screw repair. Seven-
teen studies involved Buck repair, including 11 involving
minimally invasive or endoscopic surgery. Three studies
used the Morscher method. The union rates ranked from
high to low were pedicle screw repair (effect size (ES)
95%; 95% Cl, 86% to 100%), Buck repair (ES 93%; 95% Cl,
86% to 98%), Scott wiring (ES 85%; 95% Cl, 63% to 99%)
and Morscher method (ES 63%; 95% Cl, 2% to 100%),

with the P value for heterogeneity between groups not
reaching statistical significance (P = 0.759) (Fig. 3).

Reported Complications

Among the studies reporting complications, 9
involved Scott wiring and 14 involved pedicle screw
repair. Twenty-three studies involved Buck repair, 12
involved minimally invasive or endoscopic methods,
and 3 studies used the Morscher method. The compli-
cation rates were similar with Scott wiring (ES 12%;

Minimalty
Author Year Invasive event total ES (95% ClI)
Scott wiring "
Nozawa 2003 . 21 21 —r— 1.00(0.85, 1.00)
Debnath 2003 . 1 3 . 1 0.33 (0.06, 0.79)
Askar 2003 14 14 —|—- 1.00 (0.78, 1.00)
Ogawa 2007 . 26 32 ey 0.81 (0.65, 0.91)
Pai 2008 . 3 5 1 5 0.60 (0.23, 0.88)
Hioki 2012 . 31 46 —_—-— 0.67 (0.53, 0.79)
Subtotal (12 = 80.21%, p = 0.00) —-::h— 0.85 (0.63, 0.99)
PS repair ]
Lundin 2003 5 5 8 1.00 (0.57, 1.00)
Roca 2005 . 12 19 L ! 0.63 (0.41, 0.81)
Debusscher 2007 . 42 46 — 0.91 (0.80, 0.97)
Noggle 2008 MIS PS repair 5 5 L 8 1.00(0.57, 1.00)
Pai 2008 . 15 15 e} 1.00 (0.80, 1.00)
Altat 2011 . 16 20 — i 0.80 (0.58, 0.92)
Koptan 2011 . 9 10 —— ()90 (0.60, 0.98)
Shin 2012 18 25 — . | 0.72 (0.52, 0.86)
Pu 2014 32 32 +—— 1.00 (0.89, 1.00)
Karatas 2016 . 12 12 —— 1,00 (0.76, 1.00)
Raudenbush 2017 . 7 9 = - 0.78 (0.45, 0.94)
Voisin 2018 . 1 1 - 8 1.00(0.21, 1.00)
Takeuchi 2020 . 1 1 T # 1.00(0.21, 1.00)
Subtotal (12 =60.14%, p = 0.00) -I.""._"__’} 0.95 (0.86, 1.00)
Buck repair :
Brennan 2008 MIS Buck repair 1 1 4 1.00(0.21, 1.00)
Rajasekaran 2011 . 22 22 —lll 1.00 (0.85, 1.00)
Mohi Eidin 2012 MIS Buck repair 2 2 4 1.00(0.34, 1.00)
Shin 2012 . 14 17 —_— 0.82 (0.59, 0.94)
Kim 2012 . % 50 —_— ! 0.72 (0.58, 0.83)
Widi 2013 MIS Buck repair 6 6 - 4 1.00(0.61, 1.00)
Takata 2014 MIS Buck repair 16 20 —_—Ll 0.80 (0.58, 0.92)
Snyder 2014 26 29 —_—— 0.90 (0.74, 0.96)
de Bodman 2014 . 64 70 i 0.91 (0.83, 0.96)
Gillis 2015 MIS Buck repair 15 16 ——— 094 (0.72, 0.99)
Zhu 2015 MIS Buck repair 17 22 —————l 0.77 (0.57, 0.90)
Karatas 2016 MIS Buck repair 15 15 i} 1.00 (0.80, 1.00)
Soliman 2016 Endoscope assisted 7 7 —— 1,00 (0.65, 1.00)
Ghobrial 2017 MIS Buck repair 6 9 L 1 0.67 (0.35, 0.88)
Tian 2017  MIS Buck repair 36 44 ] 0.82 (0.68, 0.90)
Mobbs 2019 . 1 1 r # 1.00(0.21, 1.00)
Fayed 2019 MIS Buck repair 1 2 B 1 0.50 (0.09, 0.91)
Subtotal (12 = 45.54%, p = 0.02) > 0.93(0.86,0.98)
Maorscher method :
Ivanic 2003 . 15 13 —— I 0.13 (0.08, 0.21)
Zhou 2013 k1) 3 1—- 1.00 (0.89, 1.00)
Ishida 2018 1| 18 : ’ 0.61 (0.39, 0.80)
Subtotal (I"2= %, p=.) = ' 0.63 (0.02, 1.00)
1
Heterogeneity between groups: p = 0.759
Overall (12 = 89.63%, p = 0.00); —"-...r"'>- 0.90 (0.80, 0.98)
L
| I | I |
0 25 5 75 1
Proportion
Fig. 3. Forest plot comparing the union rates of different direct pars interarticularis repair techniques.
ES, effect size; CI, confidence interval
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Fig. 4. Forest plot comparing the complication rates of different direct pars interarticularis repair techniques.
ES, effect size; CI, confidence interval

95% Cl, 4% to 22%) and the Morscher method (ES
12%; 95% Cl, 0% to 34%). Both had complications
higher than pedicle screw repair and Buck repair, with
the P value for heterogeneity between the groups
not reaching statistical significance (P = 0.064) (Fig.

4). The most reported complications between these
2 techniques were implant-related complications,
including superficial wound infections, wire break-
age, implant loosening, and persistent low back pain
(10%, n = 15 in the Morscher method) (Table 3).

274

www.painphysicianjournal.com



Pars Interarticularis Fracture: A Systematic Review and Meta-Analysis

Implant Failure

Among studies reporting implant failure, 9 in-
volved Scott wiring and 14 involved pedicle screw
repair. Twenty-three studies involved Buck repair, 12
involved minimally invasive or endoscopic methods,
and 3 studies used the Morscher method. The implant
failure rates were similar for Scott wiring (ES 4%; 95%
Cl, 0% to 10%) and the Morscher method (ES 4%; 95%
Cl, 0% to 12%). However, both had higher implant
failure rates than pedicle screw repair and Buck repair,
with the P value reaching statistical significance for
heterogeneity between the groups (P = 0.039) (Fig. 5).
The Scott wiring technique had the highest wire break-
age rate (9%, n = 12). The Morscher method had the
highest implant loosening rate (5%, n = 7) (Table 3).

Wound Complications

Among the studies reporting wound complica-
tions, 9 involved Scott wiring and 14 involved pedicle
screw repair. Furthermore, 23 studies involved Buck
repair, while 12 used minimally invasive or endoscopic

methods, and 3 used the Morscher method. The wound
complication rate was highest using the Morscher
method (ES 3%; 95% Cl, 0% to 7%), with the Pvalue for
heterogeneity among the groups not reaching statisti-
cal significance (P = 0.353) (Fig. 6). Superficial wound
infections were highest in the Morscher method (4%, n
= 6) (Table 3). No deep infections were reported.

Positive Functional Outcome

Among the studies reporting positive functional
outcome, 8 involved Scott wiring and 13 involved pedi-
cle screw repair. Nineteen studies involved Buck repair,
10 used minimally invasive or endoscopic methods, and
3 studies used the Morscher method. The positive func-
tional outcome rate was highest using the Morscher
method (ES 3%; 95% Cl, 0% to 7%), with the P value for
heterogeneity between groups failing to reach statisti-
cal significance (P = 0.131) (Fig. 7). However, a high risk
of bias has been reported by Ivanic (43), according to
the GRADE assessment, due to a high reported positive
functional outcome rate, compared to other studies.

Table 2. Summary of union rates, complication rates, wound complication rates, implant failure rates, and positive functional

outcomes rates for direct pars repair techniques.

‘Wound Positi
Direct Pars Study Patient . Complication 0}m . Implant ot .lVC
. Union Rates o Complication . Functional
Repair Number | Number o Rates (95% o Failure Rates
Techniques (n) (n) (95% CI) cn) Rates (95% (95% CI) Outcome Rates
CI) (95% CI)
Buck repair 11 191 93% (82 to 100) 1% (0 to 7) 0% (0 to 0) 0% (0 to 0) 78% (46 to 99)
MIS Buck repair 12 107 92% (83 to 98) 0% (0 to 5) 0% (0 to 0) 0% (0 to 0) 91% (82 to 98)
1%
Pedicle screw 14 207 | 95% (86 t0 100) | 0% (0 to 2) 0% (0 to 0) 0% (0 to 0) 84% (59 to 99)
repair
Scott repair 9 129 85% (63 to 99) 12% (4 to 22) 0% (0 to 0) 4% (0 to 10) 80% (60 to 95)
Morscher method 3 153 63% (2 to 100) 12% (0 to 5) 3% (0 to 7) 4% (0 to 12) 91% (86 to 96)

n: numbers; CI: confidence interval; MIS: minimally invasive surgery

Table 3. Specific complication rates of the direct pars repair technique.

. Superficial Dural Root ‘Wire Implant Revision | Donor Site Persistent
Specific ‘Wound o . . . Low Back | Other*
Complications | Infections Tear Irritation | Breakage | Loosening | Surgery Pain Pain (%, n)
o
P oy | o | Gom) | m) | m) | (eem) | w0 ’
2 2
Buck repair 0% (0) 1% (1) 0% (0) 0% (0) 0% (0) 3% (6) 0% (0) 0% (0) 1% (2)
MIS Buck repair 0% (0) 0% (0) 1% (1) 0% (0) 1% (1) 1% (1) 0% (0) 1% (1) 0% (0)
f:;liicrle screw 1% (3) 0% (0) 1% (2) 0% (0) 0% (0) 1% (3) 0% (0) 0% (0) 0% (0)
Scott repair 1% (1) 0% (0) 2% (2) 9% (12) 1% (1) 2% (3) 0% (0) 0% (0) 2% (2)
x:tr}izf:r 4% (6) 1% (1) 1% (1) 0% (0) 5% (7) 1% (1) 0% (0) 10% (15) 0% (0)

n: numbers; MIS: minimally invasive surgery *Other complications included urinary tract infection (UTI), intraoperative drill breakage, pin

breakage, transverse process fracture, and position failure of the hook.
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Mrimaty
Author Invathea Yoar avart stz ES (5% C1)
N T
Seot wiing
Nozawa 000 2 » ! . 0.10 (0.63, 0.30)
Deznath . 00 0 3 0.00 (0.00, 0.56)
Askar 2000 [ 14 0.00 [(0.00, 0.27)
Schianzka N 2006 [ 3 0.00 (000, 0.13)
Ogawa 2000 © 2| —— 0.9 (0.09, 0.35)
Pai 208 D s i 0.00 (0.00, 0.43)
] o1 1 &y - 0.13 (0.02, 0.47)
ol 0z 4 Yl —— 0.09 (0.64,0.21)
Cxznath R 2018 © 3 0.00 (0.00, 0.55)
Sublotd (12 = 20.56%, p = 0.26) L — 0.04 (0.00, 0.10)
1
PS repar 1
Lundin 00 0 5 0.00 (0.00, 0.43)
Roca 2006 © 19 0.00 (0.00, 0.17)
Cotussohar 2007 [ n 0.00 (0.00, 0.14)
Raggha MIS PS repar 2008 © 5 0.00 (0.00, 0.43)
Pai 2008 © 15 0.00 (0.00, 0.20)
Gk o1 3 e o.08 (0.03,0.21)
Anxt - TTR 2 0.00 (0.00, 0.16)
Koptan o1 0 10 0.00 (0.00, 0.28)
shin 2002 © n 0.00 (0.00, 0.14)
Py o 0 2 0.00 (0.00, 0.11)
Karstas e 0 7 0.00 (0.00, 0.35)
Raudendush 207 © -] 0.00 [0.00, 0.33)
Vaisn 2006 © 1 0.00 (0.00, 0.79)
Taksuchi x00 © 1 0.00 [0.00, 0.79)
Sadotd (2 = 0.00%, p=0.95) ©.00 (0.00, 0.00)
Buk repar 1
Ranawat o0 0 10 [f— 0.00 (0.00, 0.28)
Deznath o0 0 19 0.00 (0.00, 0.17)
Brernan IS Buck repain 2008 © 1 0.00 (0.00, 0.79)
Rajasciaran 20m [ 2 .00 (000, 0.15)
Gk 21 0 7 0.00 (0.00, 0.3%)
Mahi Exin MAS Buck repair 2 © 2 ©.00 [0.00, 0.65)
o2z 0 7 0.00 (0.00, 0.18)
002 4 &0 _.— 0.08 (0.03, 0.19)
IS Buck repair 2013 © 6 0.00 (0.00, 0.39)
IS Buck ropain o0 2 0.00 (0.00, 0.16)
008 © ) 0.00 (0.00, 0.12)
28 0 70 0.00 (0.00, 0.05)
IS Buck repair 015 2 16 ——e 0.3 (0.03,0.36)
IS Buck repair 015 © 2 0.00 (0.00, 0.15)
IS Buck repair 2006 © 9 0.00 (0.00, 0.30)
Endotoogs astitiod 2016 [+ T 0,00 [0.00, 0.35)
MAS Buck repain 07 © 2 ©.00 [0.00, 0.30)
007 © 5 0.00 (0.00, 0.43)
BAS Buck repain 207 © 4 0.00 [0.00, 0.15)
e 0 & 0.00 (0.00, 0.08)
IS Buck repain 2019 © 1 0.00 (0.00, 0.79)
2019 © 1 . 0.00 (0.0, 0.79)
Fayed WIS Buck repair 2009 1 2 i 0.50 [0.09, 0.91)
Sudictd ("2 = 0.00% p = 0.67) ' 0.00 (0.00, 0.00)
Morsahar rathod 1
anic 2000 7T 13 1 0.06 (0.3, 0.12)
Zrou 2003 © 11— 0.00 (0.00, 0.11)
e 201 2 12| e—— 0.1 (0.00, 0.33)
Subotal (P22 %.p2.) ~— 0.04 (0.00, 0.12)
Heterogena by bateodn oroups: p = 0019 !
Overall (12 = 6.79%, p=0.34) ’ 0.00 (0.00, 0.00)
1
| | 1 I
[} 5 5 75 1
Proportion
Fig. 5. Forest plot comparing the implant failure rates of different direct pars interarticularis repair techniques.
ES, effect size; CI, confidence interval

Sensitivity Analysis

The union rate analysis under exclusion of stud-
ies reporting 100% fusion rates showed higher fusion
rates in the Buck repair group (ES 84%; 95% Cl, 79% to
90%) and the pedicle screw repair group (ES 81%; 95%
Cl, 72% to 91%). After excluding all studies reporting

no complications, higher complication rates were re-
ported in the Scott wiring group (ES 20%; 95% Cl, 10%
to 29%) and the Morscher method group (ES 24%; 95%
Cl, 17% to 31%). Favorable functional outcome rates
were higher in the Buck repair group (ES 84%; 95%
Cl, 77%to 92%) and the pedicle screw repair group
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ES (95% C)

Mirimaly
Autnar Invanha Yaar evart wtal
Sool wiring
Nozawa 2003
Ceoeath 2003
Agkar 2003
Schienzxa 200G

Oazms 2007
Pa 2008

[=1F-L 1
Hou 2012
Cxtrath 2012

coooooooo
R I B Y]

T

000 (0,00, 0.16)

000 (0,00, 0.55)

0.00 (.00, 0.22)

000 (0,00, 0.13)

0.00 [0.00, 0.3%)

0.00 (0.00, 0.43)

0.00 (0.00, 0.X7)

0.00 (0.00, 0.08)

0.00 (0.00, 0.56)

Subioty ("2=000%. p=0.99) 000 (0,00, 0.00)
1

PS repar
Lundin 00 © 5 0.00 (0.00, 0.43)
Roca 006 © 19 0.00 (0.00, 0.17)
Dobusscne 2007 o n 0.00 (D.00, 0.14)
Neagla IS PS repar o081 5 0.20 (0.04, 0.62)
Pal 2008 o 15 .00 [0.00, 0.20)
Giic 2010 © w 0.00 (0.00, 0.09)
At 201 1 20 " e — 0.08[0.01,0.24)
Koptan 2210 o0 0 0.00 [0.00, 0.28)
Shin 2012 o Fa 0.00 (D.00, 0.14)
Pu 2014 © 12 0.00 (0.00, 0.11)
Maratas 006 2 T ' ) 0.29 (0.08, 0.64)
Raudenbuth 2010 © 9 0.00 [0.00, 0L30)
Vaisn 201 0 1 0.00 (0.00, 0.79)
Takoudny 2000 o 1 .00 [0.00, O.T9)
ublotal (2 = 0.00%, p = 0.49) .00 [0.00, 0.00)
Buck repair I
Rarawat 000 © 0 0.00 [0.00, 0.2%)
Ceeath 2003 o 5] 0.00 (D.00, 0.17)
Brernan IAS Buck repair 208 0 1 0.00 (0.00, 0.79)
Rajascicaran 201 (-] F- 0.00 [0.00, 0.15)
G 201 o T .00 [0.00, 0.35)
Mahi Exdn WIS Buck ropair 2012 0o z 0.00 (0.00, 0.66)
Shin 012 o w 0.00 [0.00, 0.18)
Kim w2 o w0 0.00 [0.00, 0.07)
Wi IS Buca repaar 01 o [ ©.00 [0.00, 0.39)
Takata WS Buck ropair 012 0 10 0.00 (0.00, 0.2%)
Sayoer W 0 % 0.00 (0.00, 0.19)
&e Badman 2014 o » 0.00 [0.00, 0L10)
Glis IS Buca repasr 2015 o L 0.00 [(0.00, 0.2
ZIru IS Buc repair 2015 o " .00 [0.00, 0.26)
Maratas WIS Buck repair 2016 o 9 0.00 (.00, 0.30)
Salman Endotoons astitod 2016 o T 0.00 (.00, 0.35)
Grodral IS Buck repair o7 o 92 0.00 [0.00, 0.30)
Banochowsid o7 o 5 0.00 [0.00, 0.43)
Tian IS Buca repasr 07 o 2 0.00 [0.00, 0.15)
Cetnath 201 © 44 0.00 (0.00, 0.08)
Tian IS Buck repair 201 © 1 0.00 (0.00, 0.79)
Motbs 2019 o0 1 0.00 (0.00, 0.79)
Fayed WIS Buck repair 2019 o0 2 €.00 [0.00, 0.65)
ubloedl (2 = 0.00%, p = 1.00) .00 [0.00, 0.00)

Morsgher method I
wane 200 6 13 | ff— 0.06 (0.02, 0.11)
Trns 201 o P23 0.00 (0.00, 0.15)
s 018 o " .00 [0.00, 0.18)
Subiotal (P2=.%.p=.) 0 0.03 (0.00, 0LOT)
Hoteroganaly Datwddn Groupe: p = 0353 !
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ES, effect size; CI, confidence interval

Fig. 6. Forest plot comparing the wound complication rates of different direct pars interarticularis repair techniques.

(ES 87%; 95% Cl, 81% to 92%), after excluding studies
reporting 100% favorable functional outcome rates.
These findings remained consistent under inclusion of
studies with more than one year follow-up (Supple-
mental Material).

Subgroup Analysis

Minimally invasive procedures were compared to
open procedures, demonstrating high union rates and
low overall complication and implant failure rates.
Higher positive functional outcome rates were re-
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Minimaliy
Author Invasive Year event total ES (85% CI)
Scott wiring !
Nozawa 2003 20 20 e} 1.00 (0.84, 1
Debnath 2003 0 I . 1 0.00(0.00,0
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MohiEldin  MIS Buck repair 2012 2 2 * # 1.00(0.24, 1.00)
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Fig. 7. Forest plot comparing the wound positive functional outcome rates of different direct pars interarticularts repair

techniques.

ES, effect size; CI, confidence interval

ported for minimally invasive surgery (MIS) Buck repair
(ES 91%; 95% Cl, 82% to 98%) versus conventional
Buck repair (ES 78%; 95% Cl, 46% to 99%) (Table 2 and
Supplemental Material). Studies involving predomi-
nantly women and sporting populations were further
analyzed, whereby both revealed high union rates and
low complication rates among the pedicle screw repair
and Buck repair groups (Supplemental Material).

Discussion

We evaluated the outcomes of direct pars interar-
ticularis repair and found that union rates were higher
in the pedicle screw repair and Buck repair group with
lower complication rates, compared to the Scott repair
and Morscher methods. Minimally invasive Buck repairs
had positive functional outcomes compared to open
repairs.
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Buck repair is commonly used for direct repair of
pars interarticularis. This method is reliable and rela-
tively straightforward for most simple-type pars frac-
tures. Traditionally, a 3.5-mm cortical screw is used for a
unilateral L5 pars fracture (67). The fully threaded screw
compresses the lamina while maintaining tension. A
burr may be used on the inferior part of the lamina
to create a “countersink” area to facilitate the screw
head entering the drill hole. A flexible drill bit may be
used for a cranial level lumbar spine to avoid the need
to extend the caudal aspect of the incision while al-
lowing the drill to achieve the correct trajectory in the
sagittal plane. Most studies have reported reasonable
union rates and low complication rates, which is similar
to our findings among MIS buck repair and open Buck
repair techniques (48,68). This may be due to the small
wound incisions, the nature of natural bone-to-bone
contact under direct screw compression, and the vital
biomechanics of the repaired segment (68).

Pedicle screw repair has also shown high union
rates compared to other methods. This technique may
be helpful when the lytic defects are predominantly
in the coronal plane. A pedicle screw with a hook or
rod construct is commonly used (36). Deguchi et al
(69) have shown promising biomechanical results with
these constructs across the defects. This technique is
also more familiar to most spine surgeons, which may
explain the overall low complication rates from our
findings, compared to the placement of pars interar-
ticularis screws. Also, there is no loss of lumbar motion
segments through the avoidance of segmental instru-
mentation such as traditional lumbar fusions.

Scott repair has a higher complication rate with
low union rates compared to other techniques. The
high complication rates might have been affected by
the long follow-up of this technique from the collected
studies. It usually involves a cerclage wire passing
through the transverse processes and inferior edge of
the spinous process with a tension-band effect (41). The
fixation might be limited due to its reliance on the weak
transverse processes as anchors (66,70). In addition, the
wiring technique might not provide stabilization across
lytic defects if there is a bifid spinous process or lamina
(70). The procedure is also technically demanding, and
larger wounds may be needed to perform the opera-
tion. A high wire breakage rate (9%) was noted from
our findings.

High functional outcomes for the Morscher meth-
od were reported by Ivanic et al (43). However, after
excluding this study from our sensitivity analysis, both

the Buck repair and pedicle screw repair method had a
higher pooled functional outcome than the Morscher
method. This fixation method might be useful if a thin
lamina is present and a 3.5-mm cortical screw is not fea-
sible (43). A hook is placed under the inferior edge of
the lamina, which can also guide the drilling of the su-
perior facet and pedicle complex, keeping in mind that
spina bifida occulta or lamina that is less than 4 mm
thick have been suggested as contraindications for this
procedure (34). The screw is inserted into the superior
facet after tapping, and the hook is compressed with a
threaded nut. This type of fracture fixation, however,
has been associated with high persistent low back pain
(10%) compared to other techniques.

Minimally Invasive Buck Repair and
Endoscopic Decompression

The first minimally invasive technique was re-
ported in 2003 by Sairo et al (31) They demonstrated a
decompression technique under endoscope affected by
pars interarticularis defects which had acceptable pa-
tient-reported outcomes. Ucer (65) published the latest
study on minimally invasive Buck repair, where a single
institutional experience of 18 patients was reported.
Mean VAS scores for back pain were reduced from 6.93
preoperatively to 1.1 during the 12-month follow-up,
decreasing gradually at each time point after surgery.
A similar pattern was also detected for mean ODI with
a significant drop from a baseline of 64.8 to 1.44 in the
12-month follow-up.

Comparison of Minimally Invasive
Techniques to Conventional Techniques

Prior to the present meta-analysis, a review of the
literature was presented by Raffa et al (71), summariz-
ing the conventional and minimally invasive techniques
for repairing isthmic pars interarticularis fractures. In
an evaluation of all 4 techniques (Buck repair, Scott
wiring, Morscher method, and pedicle screw-based
repair), the authors concluded that all minimally in-
vasive techniques are safe and have the potential to
provide clinical benefit. Moreover, fluoroscopy-guided
procedures with the addition of recombinant human
bone morphogenetic protein were found to give ad-
ditional advantage (71). A recent systematic review also
studied a similar question in a specific population of
athletes. For both MIS and conventional techniques,
the most common approach was Buck repair. Com-
pared to traditional methods, patients undergoing MIS
were found to have higher rates of pain resolution (P <
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0.001) with similar rates of complications and return to
previous levels of activity (72). In our analysis, MIS Buck
repair was also found to have good patient-reported
outcomes with high union rates.

Limitations

Surgical treatment of patients with lumbar spon-
dylolysis, specifically attempting the direct repair of
pars lysis, has been reported in numerous case series
and individual case studies, many, if not most, of which
have been included in the current study.

The major limitation of this study was the poten-
tial heterogeneity among studies. This is associated
with patient age, gender, lysis age, and unilateral ver-
sus bilateral lysis, among other factors. The current
meta-analysis does not adequately address these risk
modifying factors and how they vary among studies
and patients. However, we have performed sensitivity
analyses from the available data to address this issue
in the supplementary material. Women and sports
predominant populations produced similar results com-
pared to the primary data. The wide range of follow-up
times may affect efficacy and complications. The higher
complication rates among the Morscher method and
Scott wiring groups may have resulted from the longer
follow-up. Furthermore, publication bias cannot be

excluded in this systematic review, since studies with
significant, positive results and those involving surgical
treatment with commercial value are much more likely
to be published. This effect is presented in our funnel
plots in the supplementary material. Other limitations
may be similar to those inherent with all meta-analyses,
including studies missed during our search and un-
known biases within the selected studies.

CoONCLUSION

Our findings revealed that pedicle screw repair
and Buck repair might be associated with a higher fu-
sion rate and lower complication rates than the Scott
repair and Morscher methods. Thus, minimally invasive
techniques may provide enhanced positive functional
outcomes for patients with spondylolysis. Ultimately,
the choice of technique should be based on the inva-
sive surgeon'’s preference and experience.
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Supplemental Fig. 3. Sensitivity analysis of complication rates excluding articles reporting no complications.




Complication Rate Funnel Plot
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Supplemental Fig. 4. Funnel plot identifying publication bias and small study effect, with Egger’s test quantifying the
significance in the excluded no complication studies
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Supplemental Fig. 5. Sensitivity analysis of complication rates excluding articles reporting no wound complications
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Supplemental Fig. 6. Funnel plot identifying publication bias and small study effect, with Egger’s test quantifying the
significance in the excluded no wound complication studies




Positive Functional Outcome Rates

Moty iy
Author Inwlh LT T S ES 4% Cn
Seca wiring I
Agiar 003 12 14 0,58 (280, 0.98)
Schisnzin 2008 14 24 I Q.84 (0,45, 0.80)
Cigava 007 8 T : 0,88 {848, 0.47)
Pai 008 4 5 a8 0.80 (038, 0.08)
Gt o 5 '] ) - 0.83 (031, 0.88)
Haw Mo ——#— 0030058
Heozwea 000 N 0N " (Exchuded)
Desnath 2003 0 3 (Excluded)
Subteanl ("2 » 52.79%. g = 0.08) "'"'-':rL""' 081 (.70, 0.93)
PE regair !
Riecs 2005 15 % —_—.— 0.79 {057, 0.81)
Dasuspchar 00T X0 A  — 0.57 (BL8E, 0.85)
Fal 002 w18 — 063 070, 05)
Budio 00 M ” 0,84 [0.5%, 0.62)
ARy 2011 18 | —_——— 0.80 (070, 08T
Kaiptan a8 0 L 0,50 (249, 0.94)
Karatas U T 0.85 (.45, 0.97)
Faudantush M7 7 % -— 0.78 (.45, 0.04)
Lufdi 003 5 5 i (Exchudad)
Heggle MIS PS repe 008 5 5 " (Echudad)
Shin M2 0 23 i (Eciuded)
Ve 018 i i . (Exchuded)
T i 00 1 1 (Exchuded)
Subteanl ("2 » 0.00%. o = 0.80) -::::- 0.87 (081, 0.82)
Buck regair '
Datnath 2003 18 W ——l 065 (0TS, D)
Rasaiarss anm 7 ] — 0.78 (.45, 0.94)
Guam am 2 T ' 0.20 00,08, 0.84)
K W o 02 —— (.83 (070, 0.8}
Srycer 014 15 1 —l— O (OTZ 0
da Bodman w3 3% —_— 0.89 [0.74, 0.85)
Gilkg MIS Buk regasr s 4 | : 3 - 0.75 (.41, 083
Karatas MIS Buc regair 00 B ¥ —_—rl—— 05557, 08
Ghabrisl MIS Buti ragdr 017 8 H - - 0.87 (.35, 0.88)
Tian MIS Busk rgasr w7 M 4 — 0.82 (B8E, 0.90)
Fayed MIS Buck regair 200 1 2 & T 0.50 (2,08, 0.91)
Fanawat 2008 10 0 (Exciuded)
Brerrar MIS Busk regair 2008 1 1 ! [Exciuded)
Mohi Elfin  MIS Guck regasr w2 2 2 . (Exmhudad)
Shin 02 0 17 ' [Exiuded)
Widi MIS Buck regair 2 3 3 ' (Exchuded)
Tty MIS Busk ragasr o 10 10 ' (Exchudad)
Sabman Endoscope sssised 2008 T 7 ] (Exchudad)
Mobbs P 1 i (Echudad)
Sublotal (1°2 = 45.59%. p=0.03) L. 0.84 07T, 0UEZ)
)
Morschir misthod i
hemniz 2003 s M3 g === 004085 04T)
Ishca e N 18 : 3 i 0.8 (0,30, 0.80)
Subletal (2= %, pe ) | > 003088 047)
Hatgraganety batveen groups o= 0055 !
Cwarall (2 =42 §3%. p=0.01) d:.':} 0.85 (0.8, 0.88)
L
| | I I I
0 L} ™ 1

]
Proportion

Supplemental Fig. 7. Sensitivity analysis of complication rates excluding articles reporting 100% positive funciional outcomes




Positive Functional Outcome Rates Funnel Plot
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Supplemental Fig. 8. Funnel plot identifying publciation bias and small study effect, with Egger’s test quantifying the
significance in the excluded 100% positive functional outcome studies




Union Rates

Minimaly
Author Year Invaswe ewant total ES (95% C1)
Sooll winng 1
Mozawa 2003 el | 1 | ——il 100 (085, 1.000
Askar 2003 1“4 —e il 100 (0 78, 1.00}
Ogarwa 2007 o hiv) —_— 081 (D65, 0.91)
Hickd 2012 N 45 —_— ! 0087 (053, 0.79)
Subilotal (2 = 85 21%, p =0.00) —-:F::— 050 (0,70, 1.00)
PS5 repair :
Lundin 2003 5 5 0 & 1.00 (057, 1.000
Roca 2005 12 19 . 3 i 0053 (041, D.81)
Debusscher 2007 42 45 —— 081 (080, 0.97)
Ana 2011 B 20 —— 0.80 (058, 0.92)
Koplan 2011 9 10 -_—— 050 {060, 0.98)
Shin 2012 1B 5 —_— 0.72 (052, 0.86)
Fu 2014 2 o® — 100 (083, 1.00)
Karatas 2018 12 12 ——— 100 (078, 1.00)
Voisin 2018 1 1 & 1.00 (021, 1.000
Takeuchi 2000 1 1 & 100021, 1.00)
Sublotal (12 = 84 88%, p = 0.00) — (0006 (0,83, 1.00)
Buck rapair 1
Rajasekaran 2011 n on e 1,00 (085, 1.00)
Mohi Eldin -~ 2012 MIS Buck repair 2 2 4 1.00 (0034, 1.00)
Shin 2012 " 17 —_— 082 (058, 0.64)
Kim 2012 ¥ 50 —_— 0.72 (058, 0.83)
Takata 2014 MIS Buckrepair 16 20 _— 0,80 (058, 0.92)
Sy 2014 M H —_— 050074, 0596)
de Bodman 2014 [ T —_— 091 (083, 0.96)
Gllis 2015 MIS Buckrepair 15 16 —l— 054 (072, 0.59)
Zhu 2015 MIS Buck repaic 17 22 —_—— 077 (057, 0.50)
Karatas 2016 MIS Buck repair 15 15 —— 100 (0080, 1.00)
Zphman 2016 Endoscope assisted T T el 1.00 (065, 1.009
Ghobrial 2017 MIS Buck repair [ 8 & ! 0087 (035, 0.88)
Tian 2017 MIS Buck repair k. 44 —_—l 0,82 (068, 0.90)
Fayed 2019 MIS Buck repair 1 2 - - 0.50 (0,08, 0.91)
Sublotal (12 = 54 4%, p = 0.01) =  0%0(083,09)
Morscher method :
Fvanic 2003 15 13 —— 1 013 (D08, 0.21)
Zhou 2013 k1 n r—8 1.00 (089, 1.00)
Ishicta 2018 1 18 -— N 061 (038, 0.80)
Sublotal (F2= %, p=) — ——r 0.63 (0,02, 1.00)
i
Helerogansity between groups: p = 0870 1
Crvarall (12 = 91.44%, p = 0.00) -l#l- 0,89 (0.78, 0.97)
L
| I i I I
1] 25 5 75 1
Proportion

Supplemental Fig. 9. Sensitivity analysis of union rates with studies followed up more than 1 year




Union Rates

Liuriialy
At Yiehe' Ifrvidisn L] tolal ES (85% C1)
F5 rogur :
Lundin 2003 5 5 T 1.00 (357, 1.00)
Kepaar 011 o 10 —..:_ 0000 (060, 0.6
Raudenbush 2017 7 8 - - 0.78 (0145, 0.4
Sublotal (M2 % %, % ) —_ T LR
L}
L}
L]
St wiring .
Aghnr fronial 14 14 _:. .00 (078, 1,000
L]
L
L]
L}
Basck ropas :
Benfinan HCE WIS Bk e 1 1 : & 100021, 1.00)
Kokt w18 1 1 e 1.00 (221, 1.00)
Fyedd F018 WIS Busck pepaer 1 2 L : O 50 (0 09, 0 81)

Subactal (M2 = %, ps ) —_— —— g T T RN

borchar e

Oulkn (0UG, Ul

Hotorogenadty bebwesn groups: p = 0015

]
1
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]
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Covmrall {12 = 44.40%. p = 0.08) —::::::::- 092 (073, 1.00)
1
i
'S

Supplemental Fig. 10. Subgroup analysis of union rates in female-predominant studies




Union Rates

Minifraty
Autheor Year Invasive event  total ES (95% CI}
Scatt wiring H
Nozawa 2003 3l 21 —Ll——= 1.00(0:85, 1.00}
Dabnath 2003 1 3 - : 0.33 (0,06, 0.79)
Ogawa 2007 - —_— 0L81 (0,65, 0.91)
Fal 2008 3 5 : 0.60 (0.2, 0.88)
Higkl 22 3 44 —— : 0UBT (053, 0.78)
Subtotal (2 = 78.89%, p = 0.00) — T (080(0.55,087)

:
Buck repair :
Brennan 2008 MIS Buck repair 1 1 . & 1.00 (021, 1.00)
Widi 2013 MIS Buck repair 6 [ - & 1.00 (061, 1.00)
Gills 2015 MISBuckrepalr 15 16 —_—l— 054 (072,099
Karatas 2016 MISBuckrepair 15 15 —L——a 1,00 (050, 1.00)
Ghateial 2017 MIS Buck repair 6 9 - ' 0U67 (0.35, 0.85)
Tian 2017 MISBuckrepair 36 44 —_— (.62 (0,68, 0.90)
Subtotal (2 = 41.68%, p=0.13) - > 0.95(0.62, 1.00)

'
PS repair 0
Pai 2008 w1 ——i 1.00 {0.80, 1.00)
Shin 2z ® —_— 0.72 (0.52, 0,86}
Karatas 2016 12 12 ————=& 1.00(0.76, 1.00)
Rauderibush 2017 7 2 ™ - (.78 (0.4, 0.94)
Subtotal (P2 = 73.08%, p = 0.01) — s 091071, 100}

]

]
Heterogeneity between groups: p = 0.508 '
Cveral (M2 = 66.64%, p = 0.00; -$- 0,90 (0,80, 0.97)

'

T T T —
25 5 5 1
Proportion

Supplemental Fig. 11. Subgroup analysis of union rates in sport population siudies




Complication Rates

Minimally

Ao Invvasie Yaar evenl botal ES (95% CI)
Scotl wiring
Hezawa 2003 3 2 —— 0.15 (0.05, 0.36)
Askar 2003 0 14 f— 0000 (0,00, 0.22)
Ogawa 2007 & 2 1 —_—— 0.19 (0,09, 0.35)
Hioki mz2 5 4 ef— 0.11 (0.05, 0.24)
Subdolal ("2 = 34.78%, p = 0.20) : - 0.11 (0.04, 0.20)
PS repair :
Lundin 2003 0 L .i 0000 (0,00, 0.43)
Reca 2005 0 19 e 0.00 (0,00, 0.17)
Debusscher 2007 0 23 f—— 0.00 (0.00, 0.14)
Altaf 201 0 20 iy—— 0000 (0,00, 0.16)
Kapdan X 2 0 0.20 (0,08, 0.51)
Shin 2012 1 23 pll— 0,04 (001, 0.21)
Pu 014 0 32— 0.00 (0,00, 0.11)
Karatas e 3 T ' 0,43 (0,16, 0.75)
Voisin 2018 0 1 e 0.00 (0,00, 0.75)
Takeuchi 2020 0 i 0.00 (0,00, 0.79)
Subdotal ("2 = 44.76%, p = 0.08) I:'b 0.00 (0.00, 0.04)
Korschar melhod '
hranic. 2003 29 13 : —.— 026 (0,19, 0.24)
Zhou 2013 0 22..— 0000 (0,00, 0.15)
Ishida 2018 3 18 ' — 017 (.06, 0.38)
Subfolal (2= %, p=.) e — 0.12 {0.00, 0.34)

i
Buck repair 1
Rajasekaran 21 0 22— 0000 (0,00, 0.15)
Moki Eidin  MIS Buck repair 2012 0 7 . 0,00 {0.00, 0.68)
Shin a2 2 1T 1 el 012 (0003, 0.34)
Kirn 2012 & 5 —f— 0.12 (0,08, 0.24)
Takata MIS Buck repair 2014 0 10— 0000 (0,00, 0.28)
Sryder 2014 0 16— 0000 (0,00, 0.19)
de Bodman 2014 0 35 f— 0000 (0,00, 0907
Giles MIS Buck repalr 2015 3 g ! : 0038 (0,14, 0.65)
Zhy MIS Buck repair 2015 0 n : 0000 (0,00, 0.268)
Karatas MIS Buck repair 2016 0 9 0.00 (0,00, 0.30)
Ghobnal MIS Buck repair 2017 1 s —— 011 (0,02, 0.43)
Tian MIS Buck repair 2017 0 22— 0000 (0,00, 0.15)
Tian MIS Buck repair 2019 0 1 i 0.00 (0,00, 0.79)
Fayed MIS Buck repair 2019 1 2 1 . 3 050 (0.09, 0.91)
Sublotal (I'2 = 44, 78%, p = 0.04) = 0.01 (0,00, 0.05)

]
Helerogeneity betwesn groups: p = 0313 1
Overall (12 = 65.16%, p = 0.00); = 0.02 (0,00, 0.06)

L]

'l

] I I I

25 5 5
Proportion

Supplemental Fig. 12. Sensitivity analysts of complication rates with studies followed up more than 1 year




Complication Rates

Minmally
At Invaing Yoar gvent fotal E5 (95% C1)
L]
PS repak [
Lundin w003 0 A .00 {000, 0.43)
Kegkan wn 2 w o, - .20 (0,06, 0.51)
Raudanbush T o v — 2,00 {000, 0.38)
Seblotal (2= %, p= ) i 0.04 (0,00, 0.22)
[
L
Seit winng :
Agkar w003 0 o — .00 {000, 0.22)
L]
[
L
L]
Bk rapair '
Erennan WIS Buckregar 2008 0 o .00 {000, 0.75)
Motibs we o o 200 {000, 0.78)
Fayed WIS Buckregar 2008 1 : ) . .50 {008, 0.51)
Subaotsl (P2 = %, p= ) " — QAT (000, 0.8
L}
[
Morschar mathod ,
] A 3 18 : —_— QAT {006, 0.38)
L
1
L}
L]
Hetenogpensty betesen groups. o = 0,208 .
Cwerall (2= 11.53%, p = 0LM4) [—— Q.01 0.00, 0.11)
L]
]
)
T T T T I
] 5 5 1
Propartion

Supplemental Fig. 13. Subgroup analysis of complication rates in female-predominant studies (more than half)




Complication Rates

M maly
Aufthios Ivacne Year averd  total ES (35% CI)
Scotl wiring :
Mozawa 03 3 W —— 0.15 (0.05, 0.38)
Debnath 03 0 R : 0,00 (0.00, 0.58)
Ogawa 007 & a2 | —— Q.18 (0,09, 0.35)
Pal 008 0 5 W £.00 (0,00, 0.43)
Highd Mz s :—I— Q.11 (005, 0.24)
Sublotal (12 = 0.00%, p= 07T I-{_'::- Q.90 (0,04, 0.78)

]
Butk rapair !
Brannan MIS Btk rppair 2008 O 1T l QU00 (0.0, 0.79)
W MIS Btk repair 2013 0 1 W= 0,00 (0,00, 0.58)
Gilkg MIS Buck repair 2015 3 2 : . 038 (0,14, 0.85)
Haratas MIS Btk repair 2008 O 8 I-f_ 000 (0,04, 0.30)
Ghobial MIS Btk rgpair 2017 1 ] —_———————————————————— 011 (02, 0.43)
Tian MIS Bustk repaic 2017 O 2 —— 0,00 (0,00, 0,15}
Sublotal (142 = 44.51%, p=0.11) O 0.0 (0,00, 0.17)

[ ]
PS repair -
Fai 208 0 15 —_—— 0,00 (0.00, 0.20)
Shin M2 1 13— 0.04 (0.0, 0.21)
Karatas 6 3 7 ' - 0.43 (0.16, 0.75)
Rausenbush 7T 0 0 E—r— 0,00 (0.00, 0.30)
Sublotal ("2 = 62.00%, p = 0.05) < 0.05 (0.00, 0.22)

-
Hatercgpanaity babween groups: p e 0585 i
Overall (2 = 36.85%, p = 0.08) < 0,04 (0,00, 0.11)

i

'l

T T T T
L] 25 5 o]
Proportion

Supplemental Fig. 14. Subgroup analysis of complication rates in sport population studies




Positive functional outcome

Mlinimalty
Author Invasive Year event lotal ES (85% CI)
Scott wiring :
Nozawa 2003 20 20 = 1.00 (0.84, 1.00)
Askar 2003 12 14 -8 0.86 (0.60, 0.96)
Ogawa 2007 6 7 — 0.86 (0.49, 0.97)
Hioki : 2012 &1 44 ——  0.93(0.82, 0.98)
Sublotal ("2 = 20.87%, p = 0.23) : - (.95 (0.86, 1.00)
FS repair :
Lundin 2003 5 5 T & 1.00(0.57, 1.00)
Roca 2005 15 19 e 0.79 (0.57, 0.91)
Debusscher 2007 20 23 ———  0.57 (0.68, 0.95)
Alat 20m 18 20 —_—— 0.90(0.70, 0.97)
Kaoptan 201 & 10 l: 0.80 (0.49, 0.94)
Shin 22 0 23— i 0.00 (0.00, 0.14)
Karatas 200 6 7 —= 0.86 (0.49, 0.97)
Voisin 28 1 1 - & 1.00 (0.21, 1.00)
Takeuchi 2020 1 1 & 1.00 (0.21, 1.00)
Subtotal (1*2 = 90.65%, p= 0.00) —_— — 0.80 (0.41, 1.00)
Morscher method :
Ivanic . 2003 106 113 , = 0.04(0.88 0.97)
Ishida 2n8 n 18 = I 0.6 (0.39, 0.80)
Sublotal (1*2= %, p=) o= 091 (0.8, 0.96)
[]
Buck repair !
Rajasekaran . 201 7 E L : 0.78 (D.45, 0.94)
Mohi Eidin  MIS Buck repair 2012 2 2 T & 1.00 (0.34, 1.00)
Shin . 2012 0 17 (e I 0,00 {0.00, 0.18)
Kim . 012 2 25 —— 0.83(0.70, 0.95)
Takata MIS Buck repair 2014 10 10 —eeee i 1.00 (0,72, 1.00)
Snyder . 2014 15 18 —fe .94 (0.72, 0.99)
de Bodman 2014 31 35 —)——  089(074,095
Gillis MIS Buck repair 2015 6 8 - 0.75 {0.41, 0.93)
Karatas MIS Buck repair 2016 8 -] —_—— 089 (057, 0.98)
Ghobrial  MIS Buck repair 2017 & ] S - 0.67 (0.35, 0.88)
Tian MIS Buck repair 2017 38 44 — 0.82 {0.68, 0.90)
Fayad MIS Buck repair 2018 1 2 - L 0.50 (009, 0.91)
Subtotal ("2 = 85 66%, p = 0.00) — . 0.79(0.57.095)
Heterogeneily between groups: p = 0143 :
Cwerall ("2 = 87.83%, p = 0.00}; —_—— 082(069,093
-
I I I I I
0 25 5 75 1
Proportion

Supplemental Fig. 15. Sensitivity analysis of positive functional outcome rates with studies followed up more than 1 year




Positive functional outcome

Minamaly
Agihor Ivasng Year  gwenl  Bolal
PS rapair
Lungn 3 5 E]
Koptan Farih ] ] 10
Raugantysh mr T ]

ES (#5% C1)

i 1.00{0.57, 1.00)

0050 {0.49, 0.54]

078 (0,45, 0.54)

—_— T 05066, 059)

i
]
Scoll wiring :
Aiskar 0y 12 14 = 0,86 {0,560, 0.96)
1
1
i
1
Bk repdar :
Erennan MIS Buck reparr 2008 1 1 : & 1.000.21, 1.00)
Motibs Fo I 1 ; & 1.00{0.21, 1.00)
Fayed MIS Buck repair 2019 1 2 - . 0.50 40,09, 0.51)
Subhotal (P2= %,.p= ) — L e OE3 (018, 1.00)
1
1
Morsches mathod :
Ishida e N 18 - ' 051 §0.39, 0.50)
1
i
1
1
Hataregeneity batwesn grougs: p = 0.373 '
Overall 2 = 0.00%, p = 0.60] —_ T  mpm.0m
i
1
.
T T T T T
o % 5 75 1
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Supplemental Fig. 16. Subgroup analysis of positive functional outcome in female-predominant studies (more than half)




Sublotal (1°2 = 78.80%, p = 0.00)

Buck repair

Brarsan MES Buck repair
-] M5 Buck repair
Gulks MES Buck repair
Karstas MES Buck regair
Ghobrial MIS Buck nepair
Than MBS Buck nepair

Sublotal (1°2 = 0.00%, p = 0.52)

P8 repair

Fai

Shin

Karatas

Rawsenbush

Subiotal ("2 = 95.26%, p = 0L00)

Positive functional outcome

Year

2013
2015
2018
207
207

2012
2016
2T

Haterogenaity babwean groups: p = 0781

Cwarall (%2 = 88.63%, p = 0.00)

41

Kﬂ-ﬂﬂlw—h

14

lotal ES (85% CI)

el 1,000 (0,84, 1.08)
10,00 {0.00, 0.58)

. i 086 (D489, 0.9T)

» 0.80 {0.38, 0.56)
—— 093052, 0.58)

—==:'}::_‘::=- 0,85 {0.56, 1,00)
L]

g~ ey

B 1.00 {021, 1.00)
i 1.00 (0.4, 1.00)
- 0.75 (041, 0L83)
0.89 (05T, 0.6E)
067 (0,35, 0.88)
0.82 {0uE8, 0.59)
087 (0.75, 0.55)

Fee e w =

3 — .00 .00, 0.14)
7 0,86 (.49, 0.57)
.78 (045, 0.04)
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Supplemental Fig. 17. Subgroup analysis of positive functional ouicome in sport population studies




Implant Failure

Minimaly
Authior I asE Year evenl tolal ES (95% CI)
Scoll wiring 1
Hozawa 2003 2 20 1| —f— 0.10 {0.03, 0.30)
Ankar 2003 0 14 0.00 (0.00, 0.22)
Ogawa 2007 & an . a—— 0.19 (0.09, 0.25)
Hioki 2012 4 43 —— 0,09 (0.04, 0.21)
Subsolal (2 = 32.92% p=0.21) : - 0.09 (0.03, 0.18)
PS repair o
Lundin 2003 0 5 0,00 (0.00, 0.43)
Roca . 2005 0 1% 0.00 (0.00, 0.97)
Debusscher 2007 0 23 Q.00 (0.00, 0.14)
Altaf 2001 0 20 0.00 {0.00, 0.16)
Koptan . 201 0 10 0.00 {0.00, 0.28)
Shin 2012 0 25— 0,00 (0.00, 0.14)
Pu 2014 0 iz ih— Q.00 (0.00, 0.91)
Karatas 2016 0 7 — 0.00 {0.00, 0.35)
Vioisin 2018 0 1 0,00 (0.00, 0.79)
Takewchi 200 0 1 - Q.00 (0.00, 0.79)
Sublotal (2 = 0.00%, p = 1.00) | 0,00 {0.00, 0.00)
Morscher method :
Ivanic: 2003 7 13, =-ii— 0.06 (0.03, 0.
Zhou 2013 0 31— 000 {{g.un. u.:ﬁ
Ishida 208 2 % —ff— Q.11 (0,03, 0.33)
Sublofal (F2= %, p=.) F._."'""‘..-lr Q.04 (0.00, 0.92)
Buck repair :
Rajasekaran 2011 0 2 — Q.00 (0.00, 0.15)
Mohi Eidin ~ MIS Buck repair 2012 0 N Q.00 (0.00, 0.56)
Shin M2 0 17 i— 0,00 (0.00, 0.18)
[Kim 2012 4 50 1 e Q.08 (0.03, 0.99)
Takata MIS Buck repair 2014 0 20 f— Q.00 (0.00, 0.98)
Srryder 2004 0 28 0.00 (0.00, 0.92)
de Bodman 2004 0 o Q.00 (0.00, 0.05)
Gillis MIS Buck repair 2015 2 16 | ——— Q.13 (0.03, 0.38)
Zhu MIS Buck repair 2015 0 b 0.00 (0.00, 0.15)
Karatas MIS Buck repair 2016 0 a 0,00 (0.00, 0.30)
Ghobrial MIS Buck repair 2017 0 9 Q.00 (0.00, 0.30)
Tian MIS Buck repair 2017 0 22 0,00 (0.00, 0.15)
Tian MIS Buck repair 2019 0 1 0.00 {0.00, 0.79)
Fayed MIS Buck repair 2019 1 F . 0.50 (0.09, 0.91)
Sublofal ("2 = 21.41%, p = 0.22) I 0.00 (0.00, 0.00)

]
Haberogensity batween groups: p = 0.019 1
Overall (2 = 30.03%, p = 0.08); ! 0.00 (0.00, 0.01)

L

| I I 1 I

o 25 5 75 1
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Supplemental Fig. 18. Senstitivity analysis of implant failure rates with studies followed up more than 1 year




Implant Failure

Minamaly
Aathor Invaswe Year  wwvent  total ES (#5% C1)
PS rapair :
Lundin me: o I .00 {100, 0.43)
Kegtan IV 10 p— .00 {00, 0.28)
Raudanbush w7 0  —_— 0.00 (0,00, 0.30)
Sublotal (2w %, pu ) [::- .00 {000, 0.08)
[}
i
Soolt winng .
Askar g 0 14— .00 {00, 0.22)
L
[}
i
L
Buck repair -
Brannan MIS Buck repar 2008 © 1 00 {000, 0.78)
Mobbs e 0 1 .00 {000, 0.79)
Fayed MIS Buck repar 2019 1 I - .50 {108, 0.91)
Sublotal (P2 = %,p=) o — 017 (0.00, 0.82)
L
]
Morscher mathiod .
Ishida . w2 % ! ——— 211 (0003, 0.33)
I
L
i
i
Heleropenety bebwesn gougs: p=0.184 :
Cwerall (P2 = 0.00%, p = 0.57 p- 00 {000, 0.04)
L
i
.
I T T I I
o 5 1% 1

25
Propartion

Supplemental Fig. 19. Subgroup analysis of implant failure in female-predominant studies (more than half)




Implant Failure

Minimalty
Author Invasive Year avent iokal ES (95% CI)
Scotl wining ,
Mozawa 003 2 w | —— 0.10 (0.02, 0.30)
Debrath 003 0 N 0.00 (0.00, 0.58}
[ T 6 2, — 0.19 (0.08, 0.35)
Pai 2008 0 5 0.00 (0.0, 0.43)
Higka mz 4 4 —.— 0.09 (0.04, 0.21)
Sublotsl (42 = 0.00%, p = 0.70) === 0.08 (0.03, 0,18}

]

]
Buck repair .
Brarman MIS Buck repair 2008 0 T = 0.00 (0.00, 0.75)
L] MIS Buck repair 2013 0 i i 0000 (0,00, 0.359)
Gl MIS Buck repair 2015 2 ] : —————— 0013 (0,03, 0.38)
Haratas MIS Buck repalr 20186 0 2 q— 0uD0 (0,00, 0.30)
Ghobrial MIS Buck repalr 2017 0 2 .l— 0uD0 (0,00, 0.30)
Tian MIS Buck repalr 2017 0 i — 0uD0 (0,00, 0.15)
Sublotal (2 = 0.00%, p = 0.81) [ 0.00 (0.00, 0.03)

i
FS repair ]
Fai 008 0 Y — 0.00 (0.00, 0.20)
Shin M2 0 n — 0.00 (0.00, 0.14)
Karslas 06 0 T - 0.00 (0.00, 0.35}
Raudentusn m7 o 9 0.00 (0.00, 0,30}
Sublotsl (42 = 0.00%, p = 0.98) -3 0.00 (0.00, 0,00}

i
Hebefogeneity betesen pioups: p = 0.012 :
Overall (M2 = 5.68%, p = 0.39) o 0.01 (0,00, 0.05)

:

L

I I I T
25 5 -]
Proportion

Supplemental Fig. 20. Subgroup analysis of implani failure in sport population studies




Wound complication

Mmimally
Author Irvagae Wear avenl fotal ES (95% C1)
Seolt wiring [
Nozawa 2003 0 20 fi— 0,00 (000, 0.16)
Askar 003 0 14— 0.00 (0,00, 0.22)
Ogawa 2007 0 T — 0.00 (000, 0.35)
Hiokd 2012 0 i fi— 0.00 (0,00, 0.08)
Sublclal ("2 = 0L00%, p = 0.55) P 0.00 (0000, 0.02)
FS repair !
Lundin 2003 0 5 0,00 (0,00, 0.43)
Roca 2005 0 19& 0.00 (0.00, 0.17)
Dabissschar 2007 0 z3 0.00 (0.00, 0.14)
Altaf 21 1 0 ll— 0.05 (0001, 0.24)
Kopian 2011 0 10— 0.00 (0.00, 0.28)
Shin 2012 0 23 f— 0.00 (0,00, 0.14)
Pu 014 0 12— 0.00 {000, 0.11)
Karatas 2018 2 T t 2 0.29 (0L03, D.64)
Voisin 2018 0 1 . 0,00 (000, 0.78)
Takewchi 2020 0 1 0.00 {0000, 0.75)
Sublotal ("2 = 0.00%, p = 0.47) , 0.00 (0.00, 0.00)
Morscher method .
I anas 2003 B 13 0.05 (0.02, 0.11)
Zhou 2013 0 X2 0.00 (0,00, 0.15)
Ishida 2018 0 1] 0.00 (0,00, 0.18)
Sublofal (2= %, p=.) 0.03 (0.00, 0.07)

[
Buck repair [
Feajasekaran 2011 9 22 — 0.00 (0.00, 0.15)
Mohi EMin ~ MIS Buck repair 2012 0 2 - 0,00 (0,00, 0.66)
Shin 012 0 17 li—— 0.00 {0000, 0.18)
Kirn 2012 0 50 fi— 0.00 (0,00, 0.0T)
Takata MIS Buck repair 2014 0 10 i 0,00 (0.00, 0.28)
Snyder 014 0 16 0.00 {0000, 0.18)
de Bodman 014 0 ] 0.00 {000, 0.10)
Gilks MIS Buck repair 2015 0 ] 0,00 (0100, 0.32)
Thu MIS Buck repair 2015 0 " 0.00 {000, 0.26)
Karatas MIS Buck repair 2016 0 ] 0.00 (0.00, 0.30)
Ghobrial MIS Buck repair 2017 0 8 0,00 (0.00, 0.30)
Tian MIS Buck repair 2017 0 Fr 0.00 {000, 0.15)
Tian MIS Buck repair 2019 0 1 0.00 (0.00, 0.79)
Fayed MIS Buck repair 2019 0 I . 0,00 (000, 0.66)
Sublofal ("2 = 0U00%, p = 1.00) ] 0.00 {000, 0.00)

[
Helerogensity between groups: p = 0.308 i
Crverall (1°2 = 0.00%, p = 0.57) ! 0.00 {000, 0.00)

1

I I I I

0 25 5 75

Proportion

Supplemental Fig. 21. Sensitivity analysis of wound complication rates with studies followed up more than 1 year




Minsmaty
Author Invasse

PS repair

Lundin

Kogptan

Raucarfush

Subtotal (2= %, p=.)

SLoll wirng
Askar

Butk negdr

Brannan MIS Buck pepair
Mobbs

Fayed MIS Buck papair
Subdotal (2= %, p=)

Worschir mathad
L2 ]

2003

2008
208
2019

Fajl ]

Heteropenssty betwesn gioups. p = .75

Owdrall (2 = 0.00%, p= 0,99

Wound complication

ES (95% C1)

0.00 (0u00, 043}
0.00 (000, 0.28)
0,00 [0u00, 9.30)
0,00 [0U00, 008)

0,00 (000, 9.22)

0,00 [0.00, 0.78)

0,00 [0u00, 0.78)
0,00 [0.00, 06E)
0,00 (0000, 0.&8)

0,00 [0.00, 0.18)

10,00 (0,00, 0.00)

P S ————

Proportion

Supplemental Fig. 22. Subgroup analysis of wound complications in female-predominant studies (more than half)




Wound complication

Minirmaly
Authed Ivadieg Yeul  evend folal ES (95% Cl)
Seott wring :
MNozawa 2003 0 20 *— 0UD0 (0,00, 0.18)
Debrath 2000 0 I . 0.00 (0,00, 0.58)
Ogiwa 2000 O T — 000 (0.0, 0.35)
Pai 008 0 5 0.00 (0,00, 0.43)
Hiokd 202 0 44 0000 (0.0, 0.08)
Sublotal (12 = 0.00%, p = 0.52) T_ 0.00 (0,00, 0.0}
1
Buck nepair :
Brennan MIS Buck repair 2008 0 1 ’ 0U00 (0.00, 0.79)
W MIS Buck repair 2013 0 N 0.00 (0,00, 0.33)
Gills MISBuckrepae 2015 0 0 8 ————————— 0.00 (0.0, 0.32)
Karatas MIS Buck epair 2016 0 y p— 0.00 (0,00, 0.30)
Gnobrial WIS Buck epair 2017 0 " —_— 0.00 (0,00, 0.30)
Tian MIS Buck repair 20017 0 22— 0UD0 (0.0, 0.15)
Sublotal (M2 = 0.00% p = 0.59) b 0.00 (0.00, 0.01)
i
PS nepair :
Pai 008 0 15 —— 0,00 (0,00, 0.20)
Shin w2 0 23— 0.00 (0.00, 0.14)
Karatas e 2 ! » 0.29 (0.08, 0.64)
Raudentusn 7 0 7 — 0.00 (0,00, 0.30)
Sublotal (M2 = 48 40%, p= 0.12) — 0,01 (0.00, 0.12)
1
Haberogenaity betesan groups: p = 0656 :
Overall (12 = 0.00%, p = 0.86) | 0,00 (0.0, 0.00)
l
i T T T
] 2% 5 TS
Proportion

Supplemental Fig. 23. Subgroup analysis of wound complications in sport population studies




Union Rates

Author Year event total ES (95% CI)
Buck repair H
Rajasekaran 2011 22 22 ——L—a 1.00 (0.85, 1.00)
Shin 2012 14 17 —_— 0.82 (0.59, 0.94)
Kim 2012 36 50 - ] 0.72 (0.58, 0.83)
Snyder 2014 26 29 —8— (.90 (0.74, 0.96)
de Bodman 2014 64 70 —a 091 (0.83, 0.96)
Mobbs 2019 1 1 8 1.00 (0.21, 1.00)
Subtotal (142 = 67.70%, p = 0.01) =T 0.93(0.82, 1.00)
)
MIS Buck repair E

Brennan 2008 1 & 1.00 (0.21, 1.00)

1
Mohi Eldin 2012 2 2 —= 1,00 (0.34, 1.00)
Widi 2013 6 B —=a 1.00 (0.61, 1.00)
i

Takata 2014 16 20 B S— 0.80 (0.58, 0.92)
Gillis 2015 15 16 —— 0.94(0.72, 0.99)
Zhu 2015 17 22 —a—— ' 0.77(0.57,0.90)
Karatas 2016 15 15 —:—I 1.00 (0.80, 1.00)
Soliman 2016 7 7 ———————————=8 1.00 (0.85, 1.00)
Ghobrial 2017 6 9 - : 0.67 (0.35, 0.88)
Tian 2017 36 44 —_— 0.82 (0.68, 0.90)
Fayed 2019 1 2 - ' 0.50 (0.09, 0.91)
Subtotal (1*2 = 26,31%, p = 0,19) -.-‘::_'_!‘I;'» 0.92 (0.83, 0.98)
Heterogeneity between groups: p = 0.718 :
Overall {12 = 45.54%, p = 0.02); <> 0.93(0.86,0.98)
i
1 | | | . |
0 .25 5 TS 1
Proportion

Supplemental Fig. 24. Subgroup analysis of union rates in minimally invasive surgery versus open surgery studies




Complication Rates

Author Year event total ES (95% CI)
Buck repair ,
Ranawat 2003 1 0 —— 0.10 (0.02, 0.40)
Dabnath 2003 0 19 0.00 (0.00, 0.17)
Rajasekaran 2011 0 22 — 0.00 (0.00, 0.15)
Giudici 201 4 T L g 0.57 (0.25, 0.84)
Shin 2012 2 17 | —— 0.12 (0.03, 0.34)
Kim 212 6 50 4, —W— 0.12 (0,06, 0.24)
Snyder 2014 0 16 0.00 (0.00, 0.19)
de Bodman 2014 0 35 :—_ 0.00 (0.00, 0.10)
Bartochowski 2017 0 5 ® 0.00 (0.00, 0.43)
Debnath 2018 0 44 — 0.00 (0.00, 0.08)
Mobbs 2018 0 1 0.00 (0.00, 0.79)
Subtotal (1*2 =64.47%, p=0.00 0.01 (0.00, 0.07)
MIS Buck repair :
Brennan 2008 0O 1 * 0.00 (0.00, 0.79)
Mohi Eidin 2012 0 2 = 0.00 (0.00, 0.66)
Widi 213 0 3 W 0.00 (0.00, 0.56)
Takata 2014 0 10 #¥—— 0.00 (0.00, 0.28)
Gillis 2015 3 8 | & 0.38 (0.14, 0.69)
Zhu 2015 0 1 — 0.00 (0.00, 0.26)
Karatas 2016 0 g 0.00 (0.00, 0.30)
Soliman 2016 0 T — 0.00 (0.00, 0.35)
Ghobrial 2017 1 g |, —— 0.11 (0.02, 0.43)
Tian 27 0 22 — 0.00 (0.00, 0.15)
Tian 2018 0 1 ® 0.00 (0.00, 0.79)
Fayed 2019 1 2 - 0.50 (0.09, 0.91)
Subtotal (1*2=16.77%, p= u.zat::- 0.00 (0.00, 0.05)

]
Heterogeneity between groups: p:: 0.793
Overall (1"2 = 47.21%, p=001)> 0.00 (0.00, 0.04)

i

f T T T

0 .25 5 .75
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Supplemental Fig. 25. Subgroup analysis of any complication rates in minimally invasive surgery versus open surgery studies




Implant Failure Rates

Author Year event tfotal ES (95% CI)
Buck repair ,
Ranawat 2003 0 10 B— 0.00 (0.00, 0.28)
Debnath 2003 0 19 e 0.00 (0.00, 0.17)
Rajasekaran 2011 0O 22 — 0.00 (0.00, 0.15)
Giudici 20 0 7 *— 0.00 (0.00, 0.35)
Shin 20012 0 17 -— 0.00 (0.00, 0.18)
Kim 2012 4 50 | —l— 0.08 (0.03, 0.18)
Snyder 2014 0 29 — 0.00 (0.00, 0.12)
de Bodman 2014 0 70 *— 0.00 (0.00, 0.05)
Bartochowski 2017 0 5 0.00 (0.00, 0.43)
Debnath 20018 0 44 0.00 (0.00, 0.08)
Mobbs 2019 0 1 T 0.00 (0.00, 0.79)
Subtotal (12 = 0.00%, p = 0.55) 0.00 (0.00, 0.00)
]
MIS Buck repair -
Brennan 2008 0 1 * 0.00 (0.00, 0.79)
Mohi Eldin 2012 0 2 = 0.00 (0.00, 0.66)
Widi 2013 0 G * 0.00 (0.00, 0.39)
Takata 2014 0 20 —— 0.00 (0.00, 0.16)
Gillis 2015 2 16 : — 0.13 (0.03, 0.36)
Fhu 2015 0 22 — 0.00 (0.00, 0.15)
Karatas 2016 0 | *— 0.00 (0.00, 0.30)
Soliman 2016 0 7 — 0.00 (0.00, 0.35)
Ghobrial 2017 0 a *— 0.00 (0.00, 0.30)
Tian 2007 0 22 — 0.00 (0.00, 0.15)
Tian 2019 0 1 * 0.00 (0.00, 0.79)
Fayed 2018 1 2 * 0.50 (0.09, 0.91)
Subtotal ("2 =0.00%, p= 0.54” 0.00 (0.00, 0.00)
[ ]
Heterogeneity between groups: p:= 0.304
Overall (1*2 =0.00%, p=067); | 0.00 (0.00, 0.00)
[ ]
i T T T
0 25 5 T5

Proportion

Supplemental Fig. 26. Subgroup analysis of implani failure complication rates in minimally invasive surgery versus open

surgery studies




Wound Complication Rates

Author Year event total ES (95% CI)
Buck repair i
Ranawat 2003 0 10 — 0.00 (0.00, 0.28)
Debnath 2003 O 19 *— 0.00 (0.00, 0.17)
Rajasekaran 2011 0 22 — 0.00 (0.00, 0.15)
Giudici 2011 0 7 0.00 (0.00, 0.35)
Shin 2012 0 17 — 0.00 (0.00, 0.18)
Kim 2012 0 50 0.00 (0.00, 0.07)
Snyder 2014 0 16 —— 0.00 (0.00, 0.19)
deBodman 2014 0 35 @— 0.00 (0.00, 0.10)
Bartochowski 2017 0 5 0.00 (0.00, 0.43)
Debnath 2018 0O 44 W— 0.00 (0.00, 0.08)
Mobbs 2019 0 1 0.00 (0.00, 0.79)
Subtotal (12 =0.00%, p=1.00) 0.00 (0.00, 0.00)

]
MIS Buck repair :
Brennan 2008 0 1 * 0.00 (0.00, 0.79)
Mohi Eldin 2012 0 2 » 0.00 (0.00, 0.66)
Widi 2013 0 i * 0.00 (0.00, 0.39)
Takata 2014 0 10 B 0.00 (0.00, 0.28)
Gillis 2015 0 8 p— 0.00 (0.00, 0.32)
Fhu 2015 0 11 B—— 0.00 (0.00, 0.26)
Karatas 2016 0O g *— 0.00 (0.00, 0.30)
Soliman 2016 0O 7 B 0.00 (0.00, 0.35)
Ghobrial 2017 0O g9 *— 0.00 (0.00, 0.30)
Tian 2017 0 22 M— 0.00 (0.00, 0.15)
Tian 2019 0 1 * 0.00 (0.00, 0.79)
Fayed 2018 0 2 = 0.00 (0.00, 0.66)
Subtotal (12 =0.00%, p= 1.00}' 0.00 (0.00, 0.00)

i
Heterogeneity between groups: p:= 0.292
Overall {1*2 = 0.00%, p = 1.00); | 0.00 (0.00, 0.00)

]

i 1 T T

0 25 5 .5

Proportion

Supplemental Fig. 27. Subgroup analysis of wound compolication rates in minimally invasive surgery versus open surgery

studies




Positive Functional Outcome Rates

Author Year event total ES (95% Cl)
Buck repair :

Ranawat 2003 10 10 —n—l 1.00 (0.72, 1.00)
Debnath 2003 18 19 o 0.95 (0.75, 0.99)
Rajasekaran2011 7 9 — 0.78 (0.45, 0.94)
Giudici 2011 2 7 & ! 0.29 (0.08, 0.64)
Shin 2012 0 17 — i 0.00 (0.00, 0.18)
Kim 2012 22 25 —#— (.88 (0.70, 0.96)
Snyder 2014 15 16 ——a— (.94 (0.72, 0.99)
de Bodman 2014 31 36 —_— 0.89 (0.74, 0.95)
Mobbs 2019 1 1 T % 1.00 (0.21, 1.00)
Subtotal (12 = 90.75%, p = 0.00) __+——= .78 (0.46, 0.99)

MIS Buck repair E
]

Brennan 2008 1 1 & 1.00 (0.21, 1.00)
Mohi Eldin 2012 2 2 : # 1.00 (0.34, 1.00)
Widi 2013 3 3 & 1.00 (0.44, 1.00)
Takata 2014 10 10 —_— 00 (0.72, 1.00)
Gillis 2015 6 8 - - 0.75 (0.41, 0.93)
Karatas 2016 8 g ——— 0.89(0.57,0.98)
Soliman 2016 7 7 —.—l 1.00 (0.65, 1.00)
Ghobrial 2017 6 8 & - 0.67 (0.35, 0.88)
Tian 2017 36 44 —'l-:— 0.82 (0.68, 0.20)
Fayed 2019 1 2 = 0.50 (0.09, 0.91)
Subtotal (12 = 0.18%, p = 0.44) -1'::__":::- 0.91 (0.82, 0.98)
l
Heterogeneity between groups: p = 0.428
Overall (12 = 81.51%, p = 0.00); ~—_ " 085(0.68,097)
| | 1 1 : 1
0 25 B .75 1

Proportion

Supplemental Fig. 28. Subgroup analysis of positive functional ouicome rates in minimally invasive surgery versus open surgery
studies




Supplemental Table 1: Risk of bias table

Assessment of the Quality of Included Studies According to the Newcastle-Ottawa Quality Assessment Scale

Study

Quality Assessment Criteria

Representativeness
of Cohort

Ascertainment
of Exposure

Outcome
of
Interest

Assessment
of Outcome

Adequate

Duration

Adequate
Follow-up of
Cohort

Sairyo, 2003

*

*

Nozawa, 2003

*

*

Lundin, 2003

*

Ranawat, 2003

Debnath, 2003

Lutsey 2020

Askar, 2003

Ivanic, 2003

Roca, 2005

Schlenzka, 2006

Ogawa, 2007

Debusscher, 2007

Noggle, 2008

Brennan, 2008

Pai, 2008

Rajasekaran, 2011

Giudici, 2011

Altaf, 2011

Koptan, 2011

Mohi Eldin, 2012

Shin, 2012

Kim, 2012

Hioki, 2012

Widi, 2013

Zhou, 2013

Takata, 2014

Snyder, 2014

Menga, 2014

de Bodman, 2014

Pu, 2014

Gillis, 2015

Zhu, 2015

Karatas, 2016

Ghobrial, 2017

Bartochowski, 2017

Raudenbush, 2017

Tian, 2017

Voisin, 2018

Debnath, 2018

Ishida, 2018




Supplemental Table 1 (cont.). Risk of bias table

Assessment of the Quality of Included Studies According to the Newcastle-Ottawa Quality Assessment Scale

Quality Assessment Criteria

. . Outcome Adequate
Study Representativeness | Ascertainment " of Assessment | Adequate Follo w of
. WU
of Cohort of Exposure of Outcome Duration P
Interest Cohort
Tian, 2019 * * * * *
Mobbs, 2019 * * *
Fayed, 2019 * * * * *
Takeuchi, 2020 * * * * *
Ucer , 2020 * * * * *
Supplemental Table 2. Assessment of the Quality of Included Studies According to the GRADE Assessment Scale
Quality Assessment Criteria
. Confid
Outcome Number | Number Other Relative toné f: n(t:e
. . .. . . o Effec
of of Inconsistency | Indirectness | Imprecision | consideration Effect Estimat
. . . stimates
Studies | Patients (Biases) (95% CI) (GRADE)
Overall 44 810 Serious Not serious Not serious Not serious - Moderate
Fusion . . . .
assessment 39 978 Serious Not serious Not serious Not serious 90% (90,98) Moderate
Any . . ] ] @
e 44 825 Serious Not serious Not serious Not serious 2% (0,5) Moderate
Implant Failure 44 914 Serious Not serious Not serious Not serious 0% (0,0) Moderate
\(/;{;)rllllgﬁcations 44 803 Serious Not serious Not serious Not serious 0% (0,0) Moderate
Positive
Functional 44 787 Serious Not serious Not serious Serious 83% (73,92) Severe
Outcome




Supplemental Table 3. Search strategies developed by experienced librarian

Search Strategies:
H# Searches
1 (pars adj3 (defect* or fractur*)).ti,ab,kw. or (Spondylolisthesis/su or Spondylolysis/su or (spondylolysis or spondylolisthesis).ti.)
2 ((direct or morcher* or buck* or scott*) adj3 (repair or surg* or fusion or screw* or fixat* or graft*)).ti,ab,kw.
3 (hook* or rod* or wire or wiring).ti,ab,kw. and (“pedicle screw*”.ti,ab,kw. or *bone screws/ or *Bone Wires/ or Pedicle Screws/)
4 exp minimally invasive surgical procedures/
5 exp minimally invasive surgery/
6 exp *robotics/
7 exp *robotic surgical procedure/
3 (micro-surg* or microsurg* or mini-surg* or minisurg* or MIS or “microscopic surg* or mini-endo*” or micro-endoscop* or
microendoscop* or “minimally invasive” or “da Vinci” or davinci).ti,ab,hw,kw.
9 (((mini* or lap* or robot* or endoscop*) adj2 (technique* or approach or access or assist* or surg* or repair* or fusion or screw* or
fixat* or graft*)) or (vertebroplasty or “mini-open”)).ti,ab,kw.
10 or/2-9
11 1and 10
12 11 not ((exp animals/ or exp nonhuman/) not exp humans/)
(conference abstract or conference review or editorial or erratum or note or addresses or autobiography or bibliography or biography
13 or blogs or comment or dictionary or directory or interactive tutorial or interview or lectures or legal cases or legislation or news
or newspaper article or patient education handout or periodical index or portraits or published erratum or video-audio media or
webcasts).mp. [mp=ti, ab, ot, nm, hw, fx, kf, ox, px, rx, ui, sy, sh, kw, tx, ct, tn, dm, mf, dv, dq]
14 12 not 13
15 limit 14 to english language [Limit not valid in CDSR; records were retained]
16 limit 14 to no language specified [Limit not valid in CDSR; records were retained]
17 150r 16
18 remove duplicates from 17

Database(s): Ovid MEDLINE(R) 1946 to Present and Epub Ahead of Print, In-Process & Other Non-Indexed Citations and Ovid MEDLINE(R)
Daily, EBM Reviews - Cochrane Central Register of Controlled Trials June 2020, EBM Reviews - Cochrane Database of Systematic Reviews 2005
to July 31, 2020, Embase 1974 to 2020 August 06 and Scopus

1 TITLE-ABS-KEY ((pars w/2 (defect* or fractur*)) or spondylolysis or spondylolisthesis)

2 ((direct or morcher* or buck* or scott*) w/2 (repair or surg* or fusion or screw* or fixat* or graft*))

3 TITLE-ABS-KEY ((hook* or rod* or wire or wiring) and “pedicle screw*”)

4 TITLE (micro-surg* or microsurg* or mini-surg* or minisurg* or MIS or “microscopic surg* or mini-endo*” or micro-endoscop* or
microendoscop* or “minimally invasive” or “da Vinci” or davinci)

5 TITLE (((mini* or lap* or robot* or endoscop*) w/2 (technique* or approach or access or assist* or surg* or repair* or fusion or

screw* or fixat* or graft*)) or (vertebroplasty or “mini-open”))

6 2or3or4or5

7 1and 6

8 INDEX(embase) OR INDEX(medline) OR PMID(0* OR 1* OR 2* OR 3* OR 4* OR 5* OR 6* OR 7* OR 8* OR 9*)

9 7 not 8

10 DOCTYPE(ed) OR DOCTYPE(bk) OR DOCTYPE(er) OR DOCTYPE(no) OR DOCTYPE(sh) OR DOCTYPE(ch)

11 9 not 10

12 LANGUAGE(english)

13 11 and 12




14

( TITLE-ABS-KEY ( ( alpaca OR alpacas OR amphibian OR amphibians OR animal OR animals OR antelope OR armadillo OR
armadillos OR avian OR baboon OR baboons OR beagle OR beagles OR bee OR bees OR bird OR birds OR bison OR bovine OR
buffalo OR buffaloes OR buffalos OR “c elegans” OR “Caenorhabditis elegans” OR camel OR camels OR canine OR canines OR carp
OR cats OR cattle OR chick OR chicken OR chickens OR chicks OR chimp OR chimpanze OR chimpanzees OR chimps OR cow OR
cows OR “D melanogaster” OR “dairy calf” OR “dairy calves” OR deer OR dog OR dogs OR donkey OR donkeys OR drosophila OR
“Drosophila melanogaster” OR duck OR duckling OR ducklings OR ducks OR equid OR equids OR equine OR equines OR feline
OR felines OR ferret OR ferrets OR finch OR finches OR fish OR flatworm OR flatworms OR fox OR foxes OR frog OR frogs OR
“fruit flies” OR “fruit fly” OR “G mellonella” OR “Galleria mellonella” OR geese OR gerbil OR gerbils OR goat OR goats OR goose
OR gorilla OR gorillas OR hamster OR hamsters OR hare OR hares OR heifer OR heifers OR horse OR horses OR insect OR insects
OR jellyfish OR kangaroo OR kangaroos OR kitten OR kittens OR lagomorph OR lagomorphs OR lamb OR lambs OR llama OR
llamas OR macaque OR macaques OR macaw OR macaws OR marmoset OR marmosets OR mice OR minipig OR minipigs OR
mink OR minks OR monkey OR monkeys OR mouse OR mule OR mules OR nematode OR nematodes OR octopus OR octopuses
OR orangutan OR “orang-utan” OR orangutans OR “orang-utans” OR oxen OR parrot OR parrots OR pig OR pigeon OR pigeons OR
piglet OR piglets OR pigs OR porcine OR primate OR primates OR quail OR rabbit OR rabbits OR rat OR rats OR reptile OR reptiles
OR rodent OR rodents OR ruminant OR ruminants OR salmon OR sheep OR shrimp OR slug OR slugs OR swine OR tamarin OR
tamarins OR toad OR toads OR trout OR urchin OR urchins OR vole OR voles OR waxworm OR waxworms OR worm OR worms
OR xenopus OR “zebra fish” OR zebrafish ) AND NOT ( human OR humans OR patient OR patients ) ) )

15

13 not 14




