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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) 

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), 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, 

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 PROMs 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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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, 

Fig. 1  Studies inclusion flow chart (PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses)
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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, 

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 
online database search

No. of papers included from 
the web hand search

Total

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) 11 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

Fig. 2  Distribution of the selected papers related to only one registry, by registry and year of the period observed by the literature search
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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]. 

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]. Strömqvist 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. 

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 

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.
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