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ARTICLE INFO ABSTRACT

Handling Editor: Prof F Kandziora Introduction: The Finnish national spine surgery registry (FinSpine) collects data on patients, operative proced-
ures, and outcomes.

Keywords: Research question: Is the reliability of diagnosis collection for the FinSpine registry across various institutions

FinSpine sufficient?

Spine

Methods and methods: A random sample of 110 spine surgeries performed in Finland since 2017 was selected from

Regist . . . . . . . I . .
D?ag;gis the FinSpine registry. Details of the operative procedures, including characteristics of the hospitals, primary and
Diagnostic secondary diagnoses, the anatomical level of the spine surgery, and the date of the surgery, were recorded. Three

Reliability experienced spine surgeons assessed radiographic imaging independently on two occasions with a one-month
interval. Cohen and Fleiss kappa values were calculated for inter- and intra-rater reliability with registry di-
agnoses as the standard.

Results: Altogether, 85 patients were included in the final analysis. The intra-rater reliability for primary diag-
nosis was moderate to almost perfect among all three evaluators, with Cohen’s kappa values ranging from 0.765
to 0.847. In the inter-rater reliability analysis, there was moderate agreement between evaluators 1 and 2
(Cohen’s k = 0.592, SD 0.061) and evaluators 1 and 3 (x = 0.595, SD 0.061). The agreement was substantial
between evaluators 2 and 3 (k = 0.676, SD 0.057). The Fleiss’ kappa value was 0.622 (95 % CI from 0.570 to
0.673). The inter-rater reliability ranged from 0.596 to 0.652 when the evaluators’ diagnoses were compared
with those in the registry.

Discussion and conclusion: The primary diagnoses recorded in the FinSpine registry are reproducible and reliable,
making the registry data valuable for further research and clinical decision-making.

1. Introduction surgery in real-life conditions. There is evidence that clinical register
data from e.g., Norway by the NORspine (Austevoll et al., 2017) and

Besides evidence from randomized controlled trials, also register- Sweden by the SweSpine (Stromqvist et al., 2009) have provided results
based data is needed for interpretations of effectiveness of spinal influencing clinical practice (Forsth et al., 2013). By collecting
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standardized data on procedures and outcomes, registries enable clini-
cians to benchmark performance, identify best practices, and drive
quality improvement across institutions (van et al., 2015a). National
spine surgery benchmarking registries are vital for improving patient
outcomes, monitoring quality, and ensuring the safety of surgical de-
vices (van et al., 2015a). With transparent register-based benchmarking,
it could be possible to create more uniform standards among the sur-
geons and to improve the outcomes of the patients. They are essential for
post-market surveillance of spinal implants, helping detect safety issues
and track device performance. Incorporating patient-reported outcome
measures (PROMs) provides valuable insights into recovery and patient
satisfaction, supporting value-based care and personalized treatment
(Marjamaa et al., 2023). Registries also facilitate large-scale research
and evidence-based practice by allowing comparisons of surgical tech-
niques and devices (Roder et al., 2006). Standardization and interna-
tional collaboration are needed to maximize their value (Pascucci et al.,
2023).

FinSpine is a national spine surgery registry in Finland that aims to
systematically collect and analyze data on spine surgeries and their
outcomes (Marjamaa et al., 2023). The registry is designed to improve
the quality of spine surgery care, enable benchmarking between hospi-
tals, and support scientific research (Marjamaa et al., 2023). Validation
of the FinSpine registry is essential to ensure the diagnostic validity,
reliability, and utility of the data in improving clinical outcomes and
informing healthcare policies. Accurate and reliable data strengthen
stakeholder confidence, fostering trust among surgeons, healthcare
providers, policymakers, and patients (Marjamaa et al., 2023; Roder
et al., 2006; van der et al., 2019a). A validated FinSpine registry en-
hances research by ensuring that studies based on registry data are
robust, representative, and generalizable.

In FinSpine, diagnoses that indicate surgery are represented as spe-
cific details of the underlying pathology, with an emphasis on clinical
relevance to mitigate classification bias. The aim of the present study is
to confirm the reliability of data collection processes across institutions,
ensuring that the registry data reflects true clinical practices.

2. Methods

The FinSpine research steering group developed the study method-
ology, following the Consensus-based standards for the selection of
health measurement instruments Risk of Bias tool (Mokkink et al., 2020)
guidelines. The study protocol was approved by the Finnish Institute for
Health and Welfare (THL). The study was conducted from January 1,
2023, to December 31, 2024. All patients with available data on the
anatomical level of spine surgery and radiographs, such as computed
tomography, EOS® imaging (low dose weight-bearing radiographs
technology), magnetic resonance imaging (MRI), or plain radiographs
(X-ray) were eligible for the study. Patients who did not have
surgery-related data (e.g., anatomical level of spine) in the FinSpine
registry or who did not receive any radiological imaging from the index
hospital were excluded from the analysis. The sociodemographic data
and coverage of the FinSpine registry are presented elsewhere in more
detail (Klimko et al., 2025; Hatakka et al., 2025).

The registry entails 22 different specific diagnoses (Table 1) and an
additional section ‘Other’ for cases where the diagnosis is none of the
predefined specific diagnoses. For the data analysis, we used the Re-
searcher’s Secure Workspace (T3) provided by Kuopio University Hos-
pital (KUH). The Researcher’s Secure Workspace (T3) is a secondary use
environment compliant with the Finnish Secondary Use Act and ful-
filling data security and data protection requirements. The workspace
(T3) is used for the secure processing of a limited subset of research data
from the Finnish Spine Surgery Registry, for which the Finnish Institute
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Table 1
Specified diagnoses of the FinSpine registry.

Disc herniation

Central stenosis (displacement max 3 mm)
Central stenosis (displacement greater than 3 mm)
Recess stenosis (displacement max 3 mm)
Recess stenosis (displacement of more than 3 mm)
Nerve root canal stenosis

Spondylolysis

Disc degeneration

Postoperative instability

Pseudoarthrosis

Degenerative scoliosis

Non-degenerative scoliosis

Kyphosis

Myelopathy

Metastasis

Primary neoplasia

Postoperative hematoma

Postoperative infection

Postop cerebrospinal fluid leak

Primary infection

Fracture

Dislocation

Other

for Health and Welfare (THL) is the responsible data controller. The
research data transferred to the T3 workspace includes all imaging-
related information concerning patients undergoing spinal surgery in
Finland, such as referrals, images, and reports, as well as pseudonymized
personal identification numbers. A Weasis DICOM Viewer enabling the
viewing of DICOM images was installed in the workspace.

A random sample of 110 spine surgery patients was selected from the
FinSpine registry, including comprehensive data on spine surgeries
performed in Finland since 2016, by a THL statistician. Information
about the details of the surgeries, such as the hospital where the surgery
was performed, the primary diagnosis, the secondary diagnosis, the
anatomical level of the spine surgery, and the date of the surgery, was
obtained from the FinSpine Spine Register for the randomly selected
group of 110 patients. Data on EOS®, computed tomography, MRI, and
plain X-ray images of the patients who underwent spine surgery were
collected into the T3 secure research environment at the request of the
Finnish Institute for Health and Welfare (THL) from the hospitals where
the spine surgeries were conducted.

Three spine surgeons independently evaluated the pseudonymized
dataset of the 110 randomly selected patients and provided their expert
opinions on the primary and secondary diagnoses. One of the raters is a
specialist in neurosurgery, while the other two are orthopedic spine
surgeons. The evaluators received information only on the anatomical
level of the spine surgery and the date of spine surgery. The surgeons
were naive to the cases and did not receive any additional information
for identifying the patients. The raters assessed the imaging studies
twice independently, with a one-month interval between the evalua-
tions, and provided their diagnosis assessments on both occasions. The
raters were asked to report any discrepancies, problems, or missing data
that would deteriorate the quality of the assessment. All patients
included in the registry were considered eligible for random selection to
achieve a representative study population. Exclusion criteria from
analysis were missing patient details or necessary data (e.g., level of
surgery), duplicates produced by the patient social security number
when obtaining the data, and missing imaging.

The assessments were made on 1) the degree of consistency and
agreement made by the same rater evaluating the data on two different
occasions (intra-rater reliability); 2) how well the diagnoses entered into
the FinSpine registry by surgeons performing spine surgeries in Finland
corresponded to the diagnoses assigned by the validators for a randomly
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selected group of patients (validity), and 3) the degree of agreement and
consistency of the primary and secondary diagnoses between three
raters (inter-rater reliability).

2.1. Statistics

Calculating the sample size for Kappa with minimum acceptable
kappa (x0) of 0.6, expected kappa (k1) value of 0.85, proportion of
outcome at 0.5, significance level () at 0.05, power (1 - ) of 80 % and
an expected dropout rate of 15 % gives us an sample size of 81 and (with
15 % dropout) of an estimated sample needed of 96 cases.

The intra-rater and inter-rater reliability was evaluated with an
attribute gauge chart and defined using Cohen’s kappa values derived
from the analysis (Agresti, 2012). Agreement (k-value) was classified as
0.01-0.20 as none to slight, 0.21-0.40 as fair, 0.41-0.60 as moderate,
0.61-0.80 as substantial, and 0.81-1.00 as almost perfect agreement.
The Fleiss” kappa value was used for assessing the reliability of agree-
ment between all three raters.

3. Results

The randomly selected cases came from eight different centers.
Altogether, 85 patients were included in the final analysis. The flow-
chart in Fig. 1 shows the patient selection in detail. Most patients had
undergone surgery of the lumbar spine. The most frequent indication for
surgery was disc herniation, involving 23 patients (27 %), followed by
spinal stenosis (<3 mm) in 13 patients (15 %) and recess stenosis (<3
mm) in 10 patients (12 %) (Table 2).

According to the intra-rater reliability analysis, the reliability was
substantial or almost perfect in all three evaluators, with Cohen’s kappa
values ranging from 0.765 to 0.847 (Table 3).

The inter-rater reliability analysis showed moderate agreement

Number of patients in
the registry

N=51752

A random selection of
patients from the

registry
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Table 2
Diagnoses and level of spine surgery in the blinded registry
data.

N

Level of spine
Cervical 27
Thoracal 3
Thoracolumbar 3
Lumbar 52

Register diagnosis
Discus herniation 23
Spinal stenosis (<3 mm™) 13
Recess stenosis (<3 mm®) 10
Spinal stenosis (>3 mm®) 7
Fracture
Spondylolysis
Disc degeneration
Postop instability
Myelopathy
Recess stenosis (>3 mm®)
Metastasis
Primary neoplasm
Primary infection
Degenerative scoliosis
Other

o = = = NN RO

2 Extent of slippage; N, number of.

between evaluators 1 and 2 (Cohen’s k = 0.592, SD 0.061) and evalu-
ators 1 and 3 (k = 0.595, SD 0.061). The agreement was substantial
between evaluators 2 and 3 (x = 0.676, SD 0.057).

The Fleiss’ kappa value was 0.622 (95 % CI from 0.570 to 0.673).
The inter-rater reliability ranged from 0.596 to 0.652 when the evalu-
ators’ diagnoses were compared with those in the registry (Table 4).

\ 4

Doublesn=7

110 patients

v

Final sample

Missing/insufficient imaging n = 18

Missing patient detailsn = 6

Level missing n =1

85 patients

Fig. 1. Flow chart for patient selection.
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Table 3
Primary diagnosis assessing the intra-rater reliability.

Cohen’s kappa (SD)

Rater 1 0.765 (0.050)

Rater 2 0.847 (0.043)

Rater 3 0.807 (0.047)
Table 4

Correlation of the primary diagnosis set by the evalu-
ators to the registry data.

Cohen’s kappa (SD)

Rater 1 0.596 (0.061)
Rater 2 0.652 (0.057)
Rater 3 0.615 (0.057)

4. Discussion

The analysis indicates that the overall diagnostic reliability of the
FinSpine registry, which covers nearly all spine surgeries in Finland, is
high. The intra-rater reliability shows high reproducibility of the FinS-
pine registry diagnoses.

Inter-rater reliability in the present study is in line with those re-
ported from the NORSpine registry (van der et al., 2019a), in which
Cohen’s kappa values ranged from 0.21 to 0.51, with a larger emphasis
on higher values. Alhaug et al. showed that disc herniation and central
spinal stenosis had higher intra-rater reliability compared to, for
example, foraminal stenosis. In their study, the inter-rater analysis
varied extensively depending on the underlying diagnosis (Alhaug et al.,
2025).

The level of primary diagnoses reliability is good for identifying
trends and overall patterns. The results of the present study also reflect
the complexity of diagnosing spine conditions, where subjectivity or
variability in imaging interpretation and clinical judgment can influence
outcomes. There were quite different individual diagnoses for the
assessment. For example, distinguishing primary neoplasia and metas-
tasis from spine images without clinical data can potentially be quite
difficult, unless there are several metastases in the images or the primary
lesion is particularly atypical (e.g., osteoid osteoma). Similarly, post-
operative instability requires a series of images from the past. The
diagnosis class ‘Other’ also has challenges. The class ‘Other’ makes up
around 6 % of all diagnoses, which could explain part of the inter- and
intra-rater variation.

Previous studies have focused e.g. on data accuracy, completeness,
or validation of content or assessment tools in the registries
(Hoeijmakers et al., 2018; van der et al., 2019b; Holzer et al., 2021; Pop
et al., 2019). To the best of our knowledge, this is the first study of a
national spine registry for which reliability of its diagnoses is reported
for a random sample of all hospitals collecting spine registry data in
Finland. The random selection of 110 spine surgeries from the registry
and the analysis of 85 after exclusions due to technical deficiencies
provide a representative sample of the surgeries recorded in the registry.
Larger research datasets in the future may improve the result of repro-
ducibility by reducing the influence of random variability. In addition, a
larger data sample could provide sufficient power to estimate the reli-
ability of a single specific class diagnosis in the FinSpine registry, such as
those of Alhaug et al. (2025) The small sample size could potentially
enhance the possibility for misinterpretation.

In this study, the raters assessed diagnoses based only on the
anatomical level of the spine surgery and the imaging studies. However,
degenerative imaging findings in the spine are common also in asymp-
tomatic populations, and the decision on surgery is always based on
symptoms and clinical findings as well (Brinjikji et al., 2015). Consid-
ering the lack of clinical data, the repeatability of assessing the diagnosis
is accurate. Additionally, there is a lack of consensus on pure
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radiological diagnostic criteria for most common degenerative spinal
conditions like lumbar spinal stenosis and disc herniation (Steurer et al.,
2021; Pojskic et al., 2024).

Researchers and policymakers can trust the registry data because it is
derived from consistent evaluations, not affected by significant rater-to-
rater variability. Inter-rater reliability confirms that evaluators provide
consistent ratings, reducing bias and variability in assessments, ensuring
the FinSpine measures what it intends to measure, enhancing the reg-
istry’s utility. While there is room to refine processes and further
improve reliability, this level of agreement already ensures that the
registry can serve as a trustworthy source for benchmarking, research,
and policymaking.

The present study diminishes concerns about FinSpine data reli-
ability considered by several authors in other spine registries (van et al.,
2015; Meyer et al., 2020). To improve reliability, it is important to
ensure that all surgeons and healthcare providers follow standardized
protocols for diagnosis, treatment, and data entry. Definitions of di-
agnoses and spinal surgical procedures, as determined by an expert
panel, have been integrated into the data collection platform used by
spine surgeons in FinSpine. Definitions can be utilized by surgeons when
entering information into FinSpine while completing data entries. The
purpose, in order to improve the reliability of the registry, is to provide
feedback to hospitals or surgeons on data quality and reliability,
fostering continuous improvement, and to offer periodic training to all
contributors on how to correctly document and report cases in the
registry.

5. Conclusions
The primary diagnoses recorded in the FinSpine registry are repro-

ducible and show strong reliability. The FinSpine registry data is reliable
and useful for further research and clinical decision-making.
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