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Abstract

Background Surgery involving implantable devices is widely used to solve several health issues. National regis-

tries are essential tools for implantable device surveillance and vigilance. In 2017, the European Union encouraged
Member States to establish “registries and databanks for specific types of devices”to evaluate device safety and perfor-
mance and ensure their traceability. Spine-implantable devices significantly impact patient safety and public health;
spine registries might help improve surgical outcomes. This study aimed to map existing national spine surgery
registries and highlight their features and organisational standards to provide an essential reference for establishing
other national registries.

Methods A scoping search was performed using the Embase, PubMed/Medline, Scopus, and Web of Science
databases for the terms “registry”, “register”, “implantable’, and all terms and synonyms related to spinal diseases
and national registries in publications from January 2000 to December 2020. This search was later updated and final-

ised through a web search and an ad hoc survey to collect further detailed information.

Results Sixty-two peer-reviewed articles were included, which were related to seven national spine registries, six
of which were currently active. Three additional active national registries were found through the web search. The
nine selected national registries were set up between 1998 and 2021. They collect data on the procedure and use
patient-reported outcome measures (PROMs) for the follow-up.

Conclusion Our study identified nine currently active national spine surgery registries. However, globally accepted
standards for developing a national registry of spine surgery are yet to be established. Therefore, an interna-

tional effort to increase result comparability across registries is highly advisable. We hope the recent initiative

from the Orthopaedic Data Evaluation Panel (ODEP) to establish an international collaboration will meet these needs.
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Introduction

Surgery involving implantable devices is widely used to
solve several health issues. Cardiac implantable devices,
joint prostheses and spine implants are recognised to
impact patients’ health positively. They help to restore
the body’s functionality, relieve pain, and improve qual-
ity of life [1-3]. On the other hand, such devices may
lead to unforeseen and unwanted side effects related to
the implanted device thus implying a risk to the patient’s
safety [4, 5].

A patient registry is defined as “an organised system
that uses observational study methods to collect uni-
form data (clinical and other) to evaluate specified out-
comes for a population defined by a particular disease,
condition, or exposure, and that serves one or more
predetermined scientific, clinical, or policy purposes”
[6]. Moreover, a registry is also defined as an “organised
system with a primary aim to increase the knowledge
on medical devices contributing to improve the quality
of patient care that continuously collects relevant data,
evaluates meaningful outcomes and comprehensively
covers the population defined by exposure to particular
device(s) at a reasonably generalisable scale (e.g., inter-
national, national, regional, and health system)” [7]. Reg-
istries can be local or maintained by a single institution
with multiple locations; in this case, they usually collect
enormous amounts of data to inform the local clinical
government. In contrast, regional or national registries
collect limited high-quality data encompassing the whole
picture. The two approaches are complementary. Local
registries have delivered helpful information for quality
improvement by several organisations [8]; nevertheless,
speaking from a scientific perspective, only national reg-
istries covering a vast, unselected population can provide
reliable scientific evidence that can be transferred to dif-
ferent contexts and countries [9].

This study aimed to map existing national spine surgery
registries and highlight their features in terms of data col-
lection and organisational standards as an essential ref-
erence for the future establishment of the Italian Spine
Registry (Registro Italiano Dispositivi Impiantabili per
chirurgia Spinale, RIDIS) and other national registries.

Methods

Study design

The study was designed as a scoping literature review
followed by a web search to map and analyse exist-
ing active national spine registries and determine their
organisational structures and scientific production. The
scoping review’s design, searches and reporting stages
were realised according to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
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guidelines [10]. An ad hoc survey to collect additional
information was also designed and sent to the directors
of the registries selected from the literature review.

Literature search

The key review question was: “what, and how many,
national spine surgery registries exist and are currently
active worldwide?”. The aim was to retrieve online bio-
medical literature published by spine registries world-
wide and select those active nationally. The expert panel
set the inclusion/exclusion criteria to get articles with
any study design published from January 2000 to Decem-
ber 2020 (observed period of the literature search) in any
foreign language besides Italian. The online search cov-
ered the highly structured peer-reviewed databases Pub-
Med/Medline, Embase, Scopus, and Web of Science, and
was inspired by the systematic review performed by Van
Hooff in 2015 [11]. The core search included the terms
“registry’, “register’, “implantable’, and all the poten-
tial synonyms and terms related to spine diseases and
national registries. The search string is given in Addi-
tional File 1.

The studies identified through the search were
uploaded to Mendeley (Mendeley Ltd, Elsevier, Lon-
don 2019), which was used for managing references and
removing duplicates. Two authors (MF and SP) inde-
pendently reviewed each article’s title and abstract and
selected the eligible studies according to the inclusion
and exclusion criteria set. A third author (FL) resolved
discrepancies. Furthermore, the reference list of the
selected studies was screened to find any relevant addi-
tional original articles. Based on the experts’ suggestions,
an independent web hand search was also performed
to find articles of interest that were not detected by the
online search.

Inclusion and exclusion criteria
Studies were included if they (1) considered spine sur-
gery, (2) were observational studies (cohort studies,
case—control studies, case series) or randomised or
quasi-randomised clinical studies with human subjects
and without restrictions regarding the date of publica-
tion, and (3) considered named active national registries.
Studies were excluded if they (1) did not relate to spine
surgery, (2) presented data that did not come from an
active national spine registry, (3) were limited to single
regions, scientific societies, or single health organisa-
tions, (4) were audit studies or conference reports, (5)
did not involve humans, (6) were in vitro studies, (7)
were articles published in abstract form only or for which
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the title/abstract was unavailable, and (8) were patient
registries.

Supplementary web search and survey to verify

the registries’ status

A supplementary web search (for a landing page or web-
site) was performed to verify the active status of the
selected national registries and get specific information
on their clinical and management characteristics and
facilities. Their official websites and articles or reports
were checked. Missing information was later obtained
through an ad hoc survey emailed to the authors of the
selected publications or the institutions hosting the regis-
try. The information collected was then summarised in a
standardised form.

Results

After duplicate removal, the search yielded 1,699 articles.
Of those, 985 were excluded based on title and abstract
and 652 more after full-text reading. The residual 62
peer-reviewed articles were selected for inclusion. After a
website search and an independent hand search, 46 stud-
ies were included in the scoping review. The study search
and selection are presented as a PRISMA flow chart in
Fig. 1.

The authors MF and SP agreed on about 75% of the
selection. A consensus was reached for the residual 25%
with the involvement of the third investigator (FL).

The scoping review identified seven nation-based spine
registries: the British Spine Registry (BSR), the Canadian
Spine Outcomes and Research Network (CSORN), the
Danish Spine Registry (DaneSpine), the German Spine
Registry (DWG@G), the Norwegian Registry for Spine Sur-
gery (NORspine), the Swedish Spine Registry (Swespine),
and the Swiss Spine Registry (SWISSspine).

Table 1 shows the number of papers included in the
review from the database search and those selected from
the web search by the registry. The list of the 108 articles
included in the review is presented in Lists S1 and S2 of
Additional File 1.

Figure 2 shows the selected papers distribution by reg-
istry and year of the observed period considered by the
literature search. Swespine was the first to appear on the
international scene in 1998. Since then, there has been
widespread rising interest in spine registries. A grow-
ing number of scientific publications then followed the
increase in the number of national spine registries.

The supplementary web search and cross-checking of
the information identified the following five additional
national registries: the Australian Spine Registry; the
Dutch Spine Registry (DSSR); the Finnish Registry (FinS-
pine); the RIDIS and the Swiss National Implant Registry,
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Spine (SIRIS Spine). The latter, which is currently active
and uses the structure designed for Spine Tango, was
started in 2021 to replace SWISSspine (identified by the
literature search), which shut down around 2014. The
DSSR was discontinued on 21 December 2020 [12] and
is now in its starting phase (Carmen L. A. Vleggeert-
Lankamp, personal communication to Gustavo Zanoli,
email dated 05/09/2022). It was not included in the first
analysis, like the Italian Spine Registry (RIDIS) [13],
because it is not yet active.

Our research finally identified 12 spine registries based
on a national setting, with nine currently active. Specifi-
cally, seven were identified by the comprehensive litera-
ture search and five by the supplementary web search
done to update and complete the first online search
performed.

Synthesis of findings

The nine active registries’ structural and operational
characteristics are presented in Table 2, while the clinical
data collected are reported in Table 3. A list of the acro-
nyms mentioned in the paper is reported in Abbrevia-
tions section 1.

Structural and operational characteristics

The nine national registries included in the review were
set up between 1998 and 2021. Some are managed and
funded by clinician associations, while all the Scandina-
vian registries (DaneSpine, FinSpine, NORspine, Swes-
pine) are publicly funded. The Australian and Canadian
registries receive different types of funding, including
industrial funds. Only some of the registries included
have coverage and/or completeness data to provide. For
all the registries selected in this review, the annual report
is the most widely used reporting resource and is gener-
ally publicly available. Moreover, they base their data col-
lection on hybrid systems that collect data from paper
records and emails or through a secure web-based sys-
tem, recording PROM:s in electronic format and querying
administrative databases (Table 2).

Clinical data collected

All registries consider the main patient-reported out-
come domains and mainly use the Oswestry Disability
Index (ODI), Numeric Rating Scale (NRS) and EuroQol-
5D (EQ5D). Most of them also record clinical outcomes
such as complications and reoperations. All have at least
24-month follow-up assessments, except for NORspine
and SIRIS Spine (12 months). Some registries consider
longer follow-up assessments (5 years CSORN; 10 year
DaneSpine, Swespine, FinSpine) (Table 2).
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Fig. 1 Studies inclusion flow chart (PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses)

Discussion

In surgical fields with high rates of technological inno-
vation and in which new devices are constantly avail-
able, it is often challenging to obtain high-quality
evidence, not only because of the intrinsic difficul-
ties of running a surgical randomised controlled trial
(RCT), but also because the timeframe and sample size
required to assess clinically significant outcomes (espe-
cially harms) may hinder the conduct of meaningful
clinical trials. RCTs might provide a higher quality level
of evidence than registries do but they have limitations,

such as very high costs, the time required, and the dif-
ficulty involved in conducting the study [14]. From a
technical point of view, observational studies represent
the vast majority of registry-based studies. If appro-
priately validated, registry data can provide statisti-
cal measures of real-world health status with valuable
societal benefits [15]. They can also monitor surgical
activities by keeping track of outcomes and of continu-
ous updates in techniques used for surgical procedures
[16]. Like any clinical study, registry studies must follow
strict methodological rules to be valid and informative,
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Table 1 Number of publications included from the online database and web hand searches by registry name

Registry involved in the study No. of papers included from the  No. of papers included from  Total
online database search the web hand search
British Spine Registry (BSR) 3 1 4
Canadian Spine Outcome and Research Network (CSORN) 2 10 12
Danish Spine Registry (DaneSpine) 4 5 9
German Spine Registry (DWG) 1 6 7
Norwegian Registry for Spine Surgery (NORspine) 6 7 13
Swedish Spine Registry (Swespine) 33 14 47
Swiss Spine Registry (SWISSspine) 1 3 14
Total no. of included papers referring to only one registry 60 46 106
Total number of included papers referring to more than one registry 2 - 2
Total number of papers included 62 46 108

National Registries publications over the years
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Fig. 2 Distribution of the selected papers related to only one registry, by registry and year of the period observed by the literature search

since only a well-structured data collection allows solid
population-based epidemiological and statistical analy-
ses [17]. Implant registries for orthopaedic surgery aim
to collect information on patients, implants, and pro-
cedures and to assess surgical methods as well as types
of implants and their materials, design, and other fea-
tures. Coverage and completeness are the main param-
eters used to evaluate the quality of registries and their
ability to provide reliable feedback [18]. High levels of
coverage and completeness imply the ability to detect
the performance of a wide range of devices and surgical
techniques used in the whole population in real-life sit-
uations, thus partly overcoming the selection bias that
could play a significant role in the absence of randomi-
sation. While differences in patient selection, surgeon

ability, and organisational contexts can hinder the pos-
sibility of a fair comparison of devices in terms of effec-
tiveness (i.e. determining which is the best implant)
when considering a limited context, the large scale of
registries allows quick detection of harms (i.e. the rapid
identification of underperforming implants) [19].

A successful registry can promptly detect device fail-
ures [20] during the follow-up. Failure is considered the
gold standard in joint replacement registries when both
patient and surgeon have agreed that reoperation is
needed because of a dramatic decrease in the patient’s
quality of life. Spine surgery is a relatively new and ultra-
specialised branch, with considerable evidence obtained
on it in recent years. In spine surgery, however, reop-
eration does not necessarily indicate implant failure,



Page 6 of 14

(2023) 24:49

Pascucci et al. Journal of Orthopaedics and Traumatology

Llenuuy lenuuy lenuuy «lenuuy |lenuuy lenuuy |lenuuy [enuuy |enuuy Aousnbal4
<20z Ul
pa10adxa s 1odai
1514 3Y1 ybnoyye id|qe|iene
'SIA SOA SOA ON SOA SOA SOA SO\ oA Aj99u) spodas any
(ys11bug (obenb
+ON 'YSIPAMS) SOA  (URIDIMION)) SOA +ON (UBWLIRD)) SOA (ysiueq) sap (ys1bu3) sap (ys1bu3g) oA (ys1bu3g) saA -ue)) syloday
(ueyjey| pue
youal4 ‘uewlan (ebenbuey)
'ysi|bu3) saA (YsIpams) soA  (UBIBIMION)) SIA ON (Ueu3D) saA (Ystueq) sax (Us!|Bu3) soA (Ys!|bu3) sax (Ys!|bu3) sax  ¢a|qejiene aNSRAN
LSoIs1e1s
LSlendsoy ayi jo 9AId1IDSIp pue
1USWRSINQIIRI suadxa [eoiuld Ag
[eIDURUY 10} PIPOD e1ep 2y JO uon Lluspued
A19bins ay3 uo -epljeA ‘speojdn 101 PIAOD) 91049 e1ep UO[1EDLI1IDD IO
paseq 2q ||IM ‘Jusw e1ep snoiaaid o} -eUIPIOOD) AN[END  xa3HWWod bul  92330eid S1eAud jo ssa>04d BulIoyl
-dojansp ur|ns dnolb bupaaig SOA uosiedwod SOA VN PBleQ [euoneN ayl  -1aa1s/opnijduly 96| JO 1pne [eled  -uow Aljenb eleq
(DN 965/ (%)
VN %9698 Jequin| 918 %9608 VN VN %01 %9608 %9608 < ssau1a|dwoD
+[B2INIDD %16 «Sleudsoy
%001 x%86 lequun| 96001 dlignd %¢8 VN x%08 %05 VN VN o(%) 9beI3N0D
x€£¢0¢/Ce0C 10y
MY Buipuny Jeak-z jen
wAnsibalsyruniol  yoes buipuny oy -led papiroid Jusw
pasn sI YdIym Jo (YMS) ,Jouolbay -Ulan0b ueljensny
1ed 9sed 9|buUIS  YD0 J2UNUWIWOY ‘sioyoddns jJo
KIDAS 10§ 934 241D S901IaAS, 01 A19liRA B Y1IM
-ads e Aed sjendsoy Ajdde 1snwi Syuawaaibe bul
‘Kepo] "uoliepuno ‘bul SUOIIRUOP 31BA  (SSYg) suoabing -puny wisl-1uoys
SIYIS @Y1 AQ PIPIA  -puny 3|ge1S ON 4H NNN JSETRlelS -ud pue Ansnpul aulds jo uonern AVEVITEMUTHAIV]
-0ud Buipuny [eniu| dAnd  ‘4HY PION S5[BH 2lgnd duids uewisn 219N 'SSDHIYSD 0SSy Yshg YL -puny 3|geis oN - buipuny Jo 82inos
Lc0C 8661 900¢ 910¢ %1 10C 600¢ Gl0c cloc 810¢ paysijqelss JeaA
eLISNY pue
pue|IaZ3IMS Uspams KemJIoN puejul4 Auewian siewuag epeue)  wopbury panun eleisny Aluno)
Ansibay
auids siyIs auidsamg auldsyoN auidsuiy Y] auidsaueq NYO0SD 4sg  suids uelensny aweu A13s169y

MB3IADI 33 Ul papnoul saasibal ayi Jo sonslia1eieyd [euoiel2do pue [einidnis g ajqel



Page 7 of 14

(2023) 24:49

Pascucci et al. Journal of Orthopaedics and Traumatology

£13un0> ay3 Ul sjexdsoy ays |je ul pawioyiad sauRbINs Jo Jaquinu/paiisiBal s3LBINS Jo JBQUINN 4

Anunod ayy ul L196ans suids buiwioyiad sjeydsoy jo ssquinu [ejoy/syuedidiied sjendsoy Jo JsquuinN ,

Aanins sy} Aq pawIyu0d JO PauleIqo eleq 4

LAIessadau a1aym
wis} Jabuoj usyy

L 1owe puef | Azpue | Aol puesi Aspuer AVENY
$70¢ Woly buiniels ‘ow ¢ ‘[aAnesado L0l ‘ow ¢ ![aanesado [oAnesado  ‘ow € ‘[oAnesado AZpue | Azpue |  -ssasse aApesado
pajuswajdwl 8g o] AQLpueg'l  -Uad+aulaseg] puegz'l‘ow g  -lad+auleseg] -a1d +aujjaseq] 'OW 9 !sy29M 9 ‘ow 9 pue ¢ -150d jo bujuwi]
*OdSW “14S
118S 'S4Sd "D19d
YOI 'VOruw 's4Sd
¥0C *CCSYS 'SASZ ‘60Hd (SW3dd
uer ur oA o6 A|qe 2103s 'SSNVT'VOrw — ‘ZOHd ‘0gv4 1T ‘[e21U12 'SINOY)
-wnsaid |jim pue 122-S4S as 1004YH ‘TCSds IAN1JO  -SSvd ‘92ueploAy SYA-O3 saieuuonsanb
palojid ale SNOYd  ‘SYA-O3‘AS-03 SYA-03:dS-03  «W3Idd 1€-a5-03  -1000in3 :9¢-4S ‘9€-45:as-03 ‘60Hd ~ds-03 -1e24°Qs-03 71€-as-03 pailsiuiupy
LAunod
3|0yM 2Y1 1oy
35eQRIEP SUO U|
U3esH 211gnd Aq
paI03S "9seq
-e1ep 9y Ol A1essd
Ajd3lip palaius Aj|eo1uoids)e -D3U 2IayM |lewd Aq
e1ep payiodai papeojdn pue A||ea1uondsfe paseq-Jaded
JSAVE] -uaned [oup  A)jedo| pa1da||od papeojdn pue ‘lexod paseq
3UI|UO 103lIp 10 Buliodar ayy Jo swiojuaded  A|jedo| pa1d9j|0d -gam aseqelep
alleuuonsanb wloj /107 9seqeiep ayi ol ‘A13Ua aujjuo swiiojiaded  s4O3y oY1 ybnoiyy
[eD1IUSPI pUR LAus  uopesadQ ‘Anua p3131U 34/eu 123.1p pue Jjuoi} saijeuuonssnb (3x31) UOND3||0D
LAJuo auluo aded lgapy  palsisiuiwpe-495 3UlUO 19311 3UlUO 12311Q -uonsanp sulioy Jaded -D9|9 pue Jaded ‘jlewa Ajuewlld  eyep Jo SPOYIa
Ansi6ay
auids siyIs auidsamg auldsyoN auidsuiy oM\dad auidsaueq NY0SD ¥sg  suids ueljessny aweu A13s16ay

(PanunuOd) Z 3jqey



Page 8 of 14

(2023) 24:49

Pascucci et al. Journal of Orthopaedics and Traumatology

 (suoisny)
S|eua1ew {(3y Jo
0dS 2A1e1auabap
-UOU JO 535835Ip
9AIRIDURD3P) JUR
-)|NSU0 JoIuSs e Aq
paluedwodde Jo
/PUue Pa1onJIsul
A12bins pue ssadoe
(A'Y) eI1Say1ISRRUR
'SN1eIS Sy
‘A19buns jo adAy
‘|]oA3] ‘sisoubelg

«IWg 1yBram
qybiay {(jan9)
Aue) sa11264ns sno
-In91d Jo Jsquinu

NSEIIL

uolsiAal ‘buibewl
‘}jeub suoq

‘Keys [eudsoy
J10Ignue [aA3)
‘apis queidu
‘K12b1ns Jo

2dA1 ‘sisoubelg

Llydiownue
‘AdelayyolsAyd
‘2dueIsIp bupyjem
‘AUpIGIOWOD
ISNJEIS YoM
‘K1abins snoinald

dA

K1abuns ‘Aeis
|eydsoy ‘swiy uon
-e1ado ‘swordwAs
'SN1BIS HIOM
‘AlpIgqIOwod
‘Juswieasn ‘sisou
-beip :buibew
‘K13bins snoinaid
‘uonedIpapy

-SeaW 9WODIN0

Liabins

UOISIASI ‘UolIe)
-uswbne Juswad
‘}eib suoq

‘Ae1s [endsoy
'sixe|Aydoud asoq
-woiy3 Dioignue
‘uoiyesado Jo [aA9)
‘suoned|dwod
's32yap [e2160)
-0inau aAlesado
-a1d !A1abuns jo
2dA1 'sisoubelg

Lbunjows
qybiam qybiay
‘uonedipaw
‘uted 'sn1e3s yiom

uones||

-1ge1S ‘uoisnysuel}
'SSO| poo|q Wi
uonelado Abo
-|ouyda} ‘ssa0de
‘uonelsadoal
‘|9A3] ‘A1ebins
snoiaald ‘Uoisa

SNIE1S SIOM
2LIOUOD3-01205
‘asnge brup
'SINSME| !s10108)
|BINOIARYSQ IO [e1d
-0soydAsd-oydAsd
'S10108§ |EDIPaW
‘Jusuliean-aid
‘AUPIQIOWOD ‘S10}
-oBy sl Bupows

LA19bIns uols
-1n21 '}Jeub suoq
‘Keys [eydsoy
J0Ignue {[aA3)
‘2pis queidu
‘K12b1ns Jo
2dA1 'sisoubeig

Llydesb
-owiap ‘sain
-SP9UI SUWODINO

#[9N3)

9A1eISdO 'SSO|
poojq ‘uoneinp
K12b1ns ‘syuejduwl
2dA1 K19B1ns 'Sy

S9I1PIIOWOD
‘suonedadxa
‘uolesipaw ‘bul
-Hew 's921n0sal
a/edy3eay
‘uonesuadwod
!SN1LIS HIOM
‘3512193 ‘Uon
-esnpa ‘bupows
'Snjeys [eyiew
‘f1ab.ns snoinaid

KSuejdwil
‘sj1e1ap [eo1bung

Abojoyred
‘buibew ‘sanipiq
-Jowod ‘sbujpuy

[ed1bojoinau
‘SaIn3eay [edluld

qeJb uaaids
SdOM ‘o]

AJWIORP pue
'[eDIAIDD ‘Tequun|
-odeioyy ‘Alpiq

(obleyd

-SIp 210j2q pue
[e2164ns) elep
9Al1elado-119d

(uolpuod
1uaned pue
oydesb
-owap) elep

‘Buows x3s 2By ‘Bupjows xas  pariodal-qusned 'SONIPIQIOWOD) NG x3s 'aby  pauodal-lusiied ‘NG X35 2By ‘soiydesbowag  -IowoD X35 2By aAllelado-ald
uled 3oau pue
Wiel(yg</yg  «(BUIds-D 'SINF) *SYSd
~CL/TL=€/W €-0) 21025 AYyiedojoAw ‘INOD ‘I1dg *3[e2S
uled Jo uoneinp ueadoing ‘ayoe Lured Jo uon Buiziydonseie)
oAllelado-aid -peay+wie -einp aAielado wie uled ‘SYN ‘SSS
B3| 2eq v PEBEIESYINESE] -a1d '63) oeq (B3] Hoeq SYN 29U SYN JAW 1aN ‘B3]
Auy oeq/b3| SYN /2eq SYN ‘WJe HPRU YA OY H2eq ‘B3| SYA DU ‘WIB) SYA  4oed SYN ‘B3] SYN SYA B2eQ SYA «P123||02 10N uled
ouelIsIp oueIsIp
Bupyjem pajel Bupyjem paiel
Auy -J9S°IAN a0 IAN‘0C 100 *AN1d0 IAO IWOD ‘IAN -J19S1IAN a0 IAN 1O *YOr1do IAN‘IJO  snaels [euonouny
A3
‘0dS anijesausbap M xSUol} 15°SS d1S
-Uou 'saseasip 34°a1:a>-ss -lpuoo jje pue LUIAS 3U1JO  1dS SIS S !AS 1S SSdS 1SS IS psienjens
aAnessusbag  115'0AA HA ‘dg xd1°dD auids sjoym suonipuod ||y 4as‘HA-add-1d ‘ddd3a'Ha‘d  Wls3a+1s-al S‘g  uonipuodauids
syuaned syuaned siuaned sisAjeue Jo
VN /S2INPad0Id /S2INPad0Id VN syualed sjualied sjualled sjualed /S2INPad0Id 1un [e21SIeIS
A13s16ay
auids siyIS auidsamg auldsyoN auidsuiy oMdad auidsaueq NHOSD Hsg auidsuejensny  sweu A1sibay

(enesado-1ad pue -1sod -a1d) pa123]|0d eiep [BJIUID PUB SUOIIPUOD auldS € ajqel



Page 9 of 14

(2023) 24:49

Pascucci et al. Journal of Orthopaedics and Traumatology

Kanins ayy Aq pawyuod 1o paueiqo eleq

(Aonuns ay1 yum
papiaoid 10U 1s1])

so1596

-leue ‘yibuais
sdaoupenb
(LMINOL) paads
11eb /(31825 1)
UoNeJSIIeS

*VSY
{UOIIDBYS1IEeS ‘dD
2w uonesado
‘Kes [e11dsoH

«Aljerow

Kep-0¢€ ‘shep 06 1e
suonelado-al ‘dn

«OAnelado-1sod

uonoeysIIes
‘sssuquunu ‘sdue

-eq ‘butaq ||om
[PIUSWI ‘S1DRIUOD

VSV [BIDOS ‘U012

‘swn uonesado ‘Auoeded jedisAyd
‘Kes |endsoH ‘9duapuadapul
Lope

-UleIp/2oUdds|yap
punom ‘uonuI3I
Aleuun ‘wsijoquia

‘Adualpyynsul
[euas ‘ejuownaud

‘uoljeiols1ep
[ed1bojoinau ‘uon
-J9ul ‘UoNONIISGO

anne

Luonuaial Aleuun
‘UOIID3UI pUNOM
‘Ainfur p10> [e20A
‘Ainfu p1od jeurds
‘Ainfur euinba
epNed ‘UoI34ul
Areunn ‘1ea)

[RANP ‘DWOIPUAS

[oMog ‘eulolew
-9ey ‘buIps|q [
||ey ‘eibeydsAp
‘winuilPp 1UaAs
1e|NJSBAOIGRIDD
‘JUSA3 DeIpIed
‘Ainfur Je|nosea
‘AInfur [eainau
‘buipas|q oIS
-590x3 'pade|dal
/parowal—uorn
-1sodjew yueidwl
‘uoisua10dAy
‘AInfur sno

LelbeydsAp
‘wisijoquia ‘eixeud
-oinau jesayduad

‘AInful euinba
epned :Bbuipas|q
SAISS22X3 ‘eluoyd
-sAp ‘Ainful onneyd
-WA| 'ssauseam
/uled Jejndipel
‘AInful an1au
'1eap Quand
oelIpJed B3l [einp
9pIs BUOIM !|aAI)
Buoim !ssaupul|q
YAD “Ainful seind
-seA lAinfu) piod

SISYI0

(A9nIns aya yum
papiaoid Jou

LAnsibas syl Aq dn-mojjoyA | -MOJ|0) Yauow-¢ 91e| ‘oAleIado -19do-150d pue S J9WOH ‘ewolew -9ueInd ‘el |eulds ‘padejdal 1s1),GgeIb USIDS
P3129]|02 Uoh ‘aAnesado-1s0d ‘aAnesado-1sod  -1s0d S1eipawiLl ‘do-150d AjJea  -aey !s|soquIoIy} [eANP UO[dRS)  /PIAOWRI—UON uoabins Ag
-eulioju] ‘aAlrelado-11ad ‘aAlrelado-11ad ‘SAIrelado-119d ‘anieIado-1ad UI9A ‘Wsljogquig o1b19||e ‘Aemury  -1sodjew Juejdu Pa129]|0D suonedldwod
A13s16ay
auids siyIS auidsamsg auldsyon auidsuiy oMa auidgaueq NHOSD ¥sg auids ueljensny  sweu A1sibay

(panunuod) € ajqey



Pascucci et al. Journal of Orthopaedics and Traumatology (2023) 24:49

as implant removal is sometimes the standard clinical
procedure (e.g. in the case of fractures). Moreover, the
challenge faced by spine surgery registries is further
complicated by the anatomical and functional complex-
ity of the spine, the nature of the different conditions
treated with spine surgery, the high number of available
implants, and the need to both collect more variables and
consider other outcomes when assessing the patient’s
quality-of-life improvement; these factors require a more
global and complex approach than arthroplasty registries
accomplish [21].

The inclusion criteria for our review, based on those
of Malchau [9], were strictly established to select only
national-based registries. This specific criterion caused
the exclusion of registries that, although well founded,
were multicentre and therefore did not cover a national
population. Specifically, Kaiser Permanente (an American
integrated managed care consortium), the National Neu-
rosurgery Quality and Outcomes Database (N(2)QOD)
(developed by the American Association of Neurologi-
cal Surgeons), NeuroPoint (the NeuroPoint Alliance
program to improve the quality of care), the National Sur-
gical Quality Improvement Program (NSQIP) Registry
and the American Spine Registry (a collaborative effort
between the American Association of Neurological Sur-
geons and the American Academy of Orthopaedic Sur-
geons) are volunteer-based and only enrol patients from
several areas of the United States. As for Spine Tango,
although it is internationally recognised as a well-struc-
tured registry, it was excluded because it was conceived
as a multinational state registry. Despite this, Spine Tan-
go’s design and organisation could be worthwhile looking
into, and we consider it a valuable source of inspiration
for national registries, as has happened in Switzerland. In
general, the scientific production of registries is hugely
varied and diversely significant. It also includes reports
that are usually available on the registries’ websites but
are rarely indexed in peer-reviewed databases, so they
can only be searched for manually. Thanks to a thorough
web search, it was possible to identify three more active
registries that were not otherwise detected by the scop-
ing review.

Forty-six out of 108 papers based their main research
question on pre-operative and post-operative patient
questionnaires to evaluate the efficacy of surgery or carry
out epidemiological studies on the population. Some of
these articles have laid solid foundations upon which,
even today, the effectiveness of spine surgery is based
[22-24]. Many analysed the complication rate and com-
pared the clinical efficacies of different surgical proce-
dures. Many others compared other surgical procedures
in terms of clinical effectiveness and analysed the compli-
cation rate, paving the way for clinical management [25].
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PROMs represent the gold standard for spine surgery
since they do not focus on the device’s technical effec-
tiveness and safety but instead evaluate clinical outcomes
regarding disability, pain, and quality-of-life improve-
ment [11, 26]. The systematic collection of patient safety
data and PROMs makes it possible to monitor surgi-
cal procedure impact and value and to research factors
that might influence the outcomes and complication
rates of different techniques [27]. Stromqvist et al. [16]
reported that the spine registry in Sweden positively
affected healthcare. It significantly reduced the national
mean length of stay for microdiscectomy by maintain-
ing the same clinical outcomes assessed using PROMs
and considerably lowering the cost of the national health
system. The clinical outcome of spine surgery is jeop-
ardised by a high complication rate [28] and a narrow
range of clinical improvement [29, 30]. It is based mainly
on patient-reported outcome measures (PROMs) [31].
However, some procedures, such as spinal fusion sur-
gery, are increasingly being used despite growing cau-
tion that high-quality studies are needed to support its
clinical effectiveness and efficiency [32]. All the selected
registries assess outcomes using different PROMs, but
all consider the main domains of pain, function, and
health-related quality of life (HRQoL). These outcomes
are the basis on which the scientific evidence for spine
registries is built [33]. Our scoping review showed that,
over the years, a progressive alignment with Interna-
tional Consortium for Health OutcomesMeasurement
(ICHOM) standards [34] has been reached, even if all the
selected registries have yet to match those criteria fully.

Registry organisation and data collection characteristics
The nine selected registries differ in structural and organ-
isational characteristics and follow different modalities of
data collection and outcome evaluation (Tables 2 and 3).
As for the source of funding, many registries are funded
and managed by clinician associations and receive public
funding in a more or less stable way. For every case, SIRIS
Spine gets a specific fee from hospitals, part of which is
used to run the registry. Only the Australian and Cana-
dian registries declare that they receive funds directly
from industries. In these times of economic difficulties
for many public health systems, this is good news, as it
shows how spine device manufacturers are also inter-
ested in registry data. Following the introduction of the
new European Medical Device Regulation (EU MDR)
[35], this interest is rising, as registries can provide valu-
able data to accomplish post-market analysis require-
ments or device surveillance and traceability, assuming
that rules for managing conflicts of interest are in place.
Eight of the nine selected registries have a website, but
only four publish it in English. Seven of the nine selected
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registries publish a report, but only four are available in
English. The lack of availability of information in English
might represent an additional obstacle to the scientific
dissemination of data. This problem might be overcome
by making the information available in English by includ-
ing a dedicated section on the website and by publishing
reports or summaries in this language.

Seven of the nine registries analyse data by taking the
number of enrolled patients as a statistical unit. Three
of them also consider the total number of collected and
monitored procedures. While this information is usually
available in the reports, it is also published on the website
in only some cases (Swespine and SIRIS Spine). There is
high heterogeneity in how the data are presented and the
patients/procedures are analysed. A common standard
for the presentation of results is needed for readers to be
able to find the information they seek. A first step to over-
come this difficulty could be to define a standard form to
present the principal data characterising the registry in
English. An excellent example of this approach could be
what has been done recently by the International Soci-
ety of Arthroplasty Registries (ISAR), which has defined
a form to collect such information for joint registries,
sent it to all its members, and recommended putting it at
the beginning of their reports or on their websites (Kajsa
Erikson, ISAR administrator, personal communication to
Marina Torre, email dated 01/06/2023).

Each of the selected registries collects personal, comor-
bidity, and diagnosis data. Two registries (German and
Finnish) consider all the spinal interventions, while the
others set enrolment criteria for specific anatomical dis-
tricts, focusing only on some spinal disorders. Although
most are based on the Glassman classification [36] or
subsequent modifications, the classification systems are
only sometimes declared. The results clearly show the
need for a further joint classification effort, starting from
the commonly used Glassman classification, which can
partially catch the wide variety of clinical conditions and
therapeutic approaches encountered in spine surgery.
Indeed, the use of well-structured registries with data
of high validity and representativeness allows for results
that can be generalised and have an acceptable level of
evidence, thus improving the quality and cost-effective-
ness of care [37, 38]. Moreover, data collection in surgical
practice allows for the documentation of pathologies and
surgical approaches and the evaluation of the population
in a standardised manner, thus creating a common lan-
guage for benchmarking [39].

The selected registries markedly differ in their duration
of follow-up. Most stop collecting data 1 or 2 years after
surgery, while CSORN for over 5 years and DaneSpine,
Swespine, FinSpine for over 10 years.
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Coverage and completeness are critical issues. Indeed,
this information was unavailable in the published papers
and needed to be requested during the survey. However,
even surveys sent to the coordinators were sometimes
returned with data missing. The proportion of depart-
ments involved out of the total number of departments
performing spine surgery at a national level (i.e. cover-
age) is the first challenge: this data can easily be reached
if spinal surgery centres are involved in data collection
on a mandatory basis, as voluntary participation usually
leads to low rates of coverage and completeness. Making
data collection mandatory by law or linking data entry to
reimbursements might overcome these issues [40, 41].
Coverage data are available for only six registries; among
them, the Swedish and Norwegian ones show the best
recruitment performance, reaching peaks of 100%. Six of
the nine registries declared the completeness rate, which
ranged from 3 to 86%. However, it still needs to be clari-
fied whether all the registries managed data requests with
a similar approach and whether the completeness data
refer to only the registered procedures or to the follow-
up as well. A completeness of 75% and over at follow-up
is a reasonable threshold for accurate analyses [38, 42].
Completeness remains crucial when interpreting data
from the registries and should be clearly stated in all
related publications [11].

Registry data management and quality

Spine registry data are gaining interest from all stake-
holders in health systems. Indeed, the monitoring of
the quality of a product used in spine surgery should
be based on high-quality data, as required by the new
European legislation [35]. Furthermore, these data are
expected to become decisive in clinical decisions. For this
reason, data entered into the registries must have a high
level of completeness and accuracy. External registry
monitoring would be helpful to certify the quality of the
data; hence, the importance of considering systems in the
registry design that monitor data quality and guarantee
the accuracy of data entry. Prospective data collection,
clinical data entry, quality control and data validation,
study designs that control for confounding bias, and the
coverage of the population enrolled and exposed to the
surgery are well-defined features of an efficient registry
[15].

Based on the results of our study, eight of the nine
active national registries declared that they have imple-
mented a quality control process based, for most of them,
on their internal systems. None declared that they refer
to external audit agencies.
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Limitations

Several difficulties emerged during our study to identify
active registries in a national setting. The scoping review
selected studies investigating spine surgery in a spine
registry setting, though, in some cases, the authors did
not cite the name of the registry on which their studies
were based. In these cases, the paper was excluded to
avoid bias due to misclassification, although this might
have led to underestimating the real scientific impact of
those registries. The same limitation applies to the pos-
sible alignment of the registries with ICHOM standards.
An intrinsic limit of our search strategy, which was based
on Van Hooff et al’s search strategy [11], is that it could
only detect some of the existing active national registries
because the inclusion/exclusion criteria were stringent;
moreover, the original online search was performed 2
years before the analysis of results was completed. There-
fore, the research process involved performing additional
web searches and expert interviews to collect detailed
and updated information. Finally, the aim of this study
was limited to the collection of the organisational stand-
ards of the existing national registries, thus excluding the
analysis of data collected in terms of their quality and
comprehensiveness. Further studies might focus on this
topic.

Conclusion

Our study identified nine currently active spine sur-
gery registries with a national setting. Overall, even
though most provide substantial scientific value in terms
of improving the quality of care, we found no glob-
ally accepted standards for developing a national regis-
try of vertebral surgery. However, their experience can
be a source of inspiration for other countries willing to
establish a national registry and future international col-
laborations. An international effort to increase the com-
parability of the results from different registries, similar
to what has been achieved by arthroplasty registries with
the ISAR [43], is highly advisable.

As with all the other types of implants, spine implants
must be monitored to promote evidence-based selection
so that patients undergoing spine surgery will get the best
and safest implants. The ODEP is an independent panel
of experts providing objective ratings of the strength
of evidence available on the performance of medical
implants [44]. The ODEP is now increasingly recognised
as a reliable source of information for surgeons, patients
and hospitals about joint replacement implants. Com-
pared to other anatomical districts, the declared method-
ology for spine implants published on the ODEP website
[45] still needs to be settled. Reliable and internationally
standardised data from national spine registries will be
crucial in the following years. The ODEP’s initiative to
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organise the 1st International Meeting of Spinal Regis-
tries might meet these needs and pave the way to estab-
lishing a fruitful international collaboration. We hope
this study will contribute to this aim and be a reference
for other spine research groups, health professionals and
policy-makers, as it has been for our Italian Spine Regis-
try project.

Abbreviations

BASS British Association of Spine Surgeons

BP Back pain after decompression

BPI Brief Pain Inventory

BSR British Spine Registry

CAPPS Calgary Postoperative Pain After Spine Surgery
CcD Cervical degenerative

CoMI Core Outcome Measure Index

CSORN Canadian Spine Outcomes and Research Network
CSREF Canadian Spine Education and Research Fund
Css Canadian Spine Society

D Discectomy

DaneSpine  Danish Spine Registry

DASS-21 Depression Anxiety Stress Scales Short Version
DDD Degenerative disc disease

DE Deformity

DH Disc herniation

DI Discitis

DS Degenerative spondylolisthesis

DSSR Dutch Spine Registry

DWG German Spine Registry

EQ5D EuroQol-5D

EQ-5D EuroQol five-dimension scale

EQ-5D-3L EuroQol five-dimension scale for three levels
EQ-VAS EuroQol Visual Analogue Scale

EUMDR European Medical Device Regulation

FABQ Fear-Avoidance Beliefs Questionnaire
FinSpine Finnish Registry

GA Granuloma annulare

GPE Global Perceived Effect instrument

RHF Regionalt helsefgretak (Regional Health Authority)
HRQOL Health-related quality of life

HTI Heparin-induced thrombocytopenia

ICHOM International Consortium for Health Outcomes Measurement

IS Idiopathic scoliosis

ISAR International Society of Arthroplasty Registries

JOA Japanese Orthopaedic Association

K Kyphoplasties

LANSS Leeds Assessment of Neuropathic Symptoms and Signs
LD Lumbar degenerative

MCS Multiple chemical sensitivity

MDI Myelopathy Disability Index

mJOA Modified Japanese Orthopaedic Association

MSPQ Modified Somatic Perception Questionnaire

N(2)god National Neurosurgery Quality and Outcomes Database

NA Not applicable

NDI Neck Disability Index

NORspine Norwegian Registry for Spine Surgery

NQRA National Quality Registry Association

NRS Numeric Rating Scale

NSQIP National Surgical Quality Improvement Program
ODEP Orthopaedic Data Evaluation Panel

ODI Oswestry Disability Index

PCS Pelvic Congestion Syndrome

PGIC Patients' Global Impression of Change

PHQ2 Patient Health Questionnaire-2

PHQ9 Patient Health Questionnaire-9

PRISMA Preferred Reporting Items for Systematic Reviews and

Meta-Analyses
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PROMs Patient-reported outcome measures

PSAS Translation of the Patient Scar Assessment Scale
PSFS Patient-Specific Functional Scale

RCT Randomised controlled trial

RE Revisions

RIDIS Registro Italiano Dispositivi Impiantabili per chirurgia Spinale
(Italian Spine Registry)

RMDQ Roland-Morris Disability Questionnaire

RO Roland-Morris Disability

SBI Pain Symptom Borthersomeness Index

SD Spondylitis

SDR Second Diagnosis (registered)

SF12 12-Item Short Form Health Survey

SF-36 36-Item Short Form Health Survey

SFI Spine Functional Index

Sl Spinal infection

SIRIS Spine  Swiss National Implant Registry, Spine

SL Spondylolisthesis

SP Spondylosis

SPL Spondylodiscitis

SPO Spondylodeses

SRS-22r Scoliosis Research Society 22r instrument

SS Spinal stenosis

SSA Spine Society of Australia

SSS Swiss Stenosis Score

ST Spinal tumours (primary and/or metastatic)

STR Spinal trauma

Swespine Swedish Spine Registry

SWISSspine  Swiss Spine Registry

UNN Universitetssykehuset Nord-Norge (University of Northern
Norway)

\Y Vertebroplasty

VAS Visual Analogue Scale for Pain

ZSDS Zung Self-Rating Depression Scale
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