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ABSTRACTABSTRACT

INTRODUCTION.INTRODUCTION. The purpose of this study was to validate the humeral fracture diagnoses for adults in the Danish National
Patient Registry (DNPR).

METHODS.METHODS. This was a population-based validity study, including adult patients (≥ 18 years) with a humeral fracture referred to
the emergency department of hospitals in three Danish regions from March 2017 to February 2020. Administrative data were
retrieved on 12,912 patients from the databases of the involved hospitals. These databases hold information on discharge and
admission diagnoses, which is based on the International Classification of Diseases, tent version. Data of 100 cases were
randomly sampled from each of the specific humeral fracture diagnoses (S42.2-S42.9). The positive predictive value (PPV) was
estimated for each diagnosis to study the recorded accuracy. Radiographic images from the emergency departments were
reviewed and assessed as the gold standard. The PPVs with 95% confidence intervals (CI) were estimated according to the
Wilson method.

RESULTS.RESULTS. In total, 661 patients were sampled between all available diagnosis codes. Overall, the PPV for humeral fracture was
89.3% (95% CI: 86.6-91.4%). PPVs for the subdivision codes were 91.0% (95% CI: 84.0-95.0%) for proximal humeral fractures,
89.0% (95% CI: 81.0-94.0%) for humeral diaphyseal fractures and 78.0% (95% CI: 68.9-84.9%) for distal humeral fractures.

CONCLUSION.CONCLUSION. The validity of the humeral fracture diagnosis and the classifications of proximal and diaphyseal fractures in the
DNPR is high, and the DNPR may therefore be used in registry research. Diagnosis of distal humeral fractures has a lower
validity and should be used with caution.

FUNDING. FUNDING. none.
TRIAL REGISTRATION.TRIAL REGISTRATION. not relevant.

.

National patient registers are a key tool in healthcare planning by monitoring the frequency of various diseases
and treatments, thereby providing patient data to support hospital statistics and enable financial calculations [1].
Furthermore, the national registries are increasingly being used for population-based research [2]. To guarantee
a meaningful use and interpretation of data from the clinical quality databases, knowledge of data validity is
essential.

Data validity in registers include coverage, completeness of patient diagnoses and other recorded variables, and
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correctness of the recorded data [2].

The Danish National Patient Registry (DNPR) has nationwide coverage since all hospitals are reimbursed by the
government when patient data are recorded to the registry [3, 4]. The diagnosis completeness for conditions that
should lead to a hospital encounter is assumed to be high owing to the free universal Danish healthcare system
[5]. Assessment of data correctness is an ongoing task, which requires frequent validation [6].

A limited number of studies have validated orthopaedic diagnoses from the DNPR [3, 7-10]. In 2006, Lass et al.
reported a positive predictive value (PPV) of 86% for all orthopaedic diagnoses imported to the DNPR in a two-
week time period [7]. In 2020, Hjelholt et al. studied the validation of hip fracture diagnoses from the DNPR and
reported PPVs ranging from 83% to 92% depending on the anatomical location of the proximal femur [8]. This
shows that the accuracy of registered diagnoses to the DNPR may vary by fracture location, which may also be
the case for humerus fractures.

To our knowledge, no validation study exists on fracture diagnoses of the humerus in the DNPR. The purpose of
this study was to validate the humeral fracture diagnoses for adults in the DNPR by estimating the PPV.

METHODSMETHODS

DesignDesign

This was a population-based validity study. The study conforms with the Standards for Reporting Diagnostic
accuracy studies [11]. Institutional approvals were obtained from all participating departments. The
management of personal data was approved by the Data Protection Agency (ref. no.: 21/16771).

SettingSetting

Danish healthcare provides free access to general practitioners and hospitals for all Danish residents, including
orthopaedic services. Denmark is divided into five regions with a substantial homogeneity in sociodemographic
and health-related characteristics [12]. The present study was conducted in three Regions of Denmark (Capital
Region, Region of Southern Denmark and Region of Zealand) with a total population of 3.1 million adults [13].

Study populationStudy population

The study population consisted of adult patients (≥ 18 years) referred to the emergency department with a
primary or secondary first-time diagnosis of a humeral fracture to one of the included hospitals. Administrative
data were retrieved from hospital databases that recorded discharge and admission diagnoses from 1 March 2017
to 29 February 2020. The data included identification number, sex, contact date and registered diagnosis code for
a humerus fracture (S42.2, S42.3, S42.3A, S42.4, S42.7, S42.7B S42.8,  S42.9). Data relating directly to fractures of
the scapula or clavicle were excluded (S42.0, S42.1, S42.7A and S42.7C).

From this source population, the data of 100 cases were randomly sampled from each of the specific humeral
fracture diagnoses (S42.2-S42.9) to study the recorded accuracy of each diagnosis. If less than 100 cases were
registered for one of the specific diagnoses, all cases for that specific diagnosis were included.

Review of radiographic imagesReview of radiographic images

Radiographic images from the emergency department were reviewed and assessed as the gold standard for the
diagnoses. In few cases, computed tomographies were the primary imaging modality. The review of
radiographic images was completed independently by two authors (DK, LH). Firstly, assessing if the fracture
involved the humeral bone (S42*, Humeral fracture); secondly, if the diagnosis from the DNPR was correct. In
case of disagreement, the cases were discussed between the two reviewers; and if a consensus could not be
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reached, a second independent review of the disagreed cases was conducted by three other authors (PG, SB, BV)
and discussed until consensus. The diagnoses in the DNPR were assessed and defined as described by the
AO/OTA Classification (version 2018) for fracture localisation of bones and segment [14]. All bones and segments
are numbered sequentially from proximal to distal. To determine the location of end segments, a quantifiable
method is proposed by the AO/OTA to distinguish between anatomical segments by Heimʼs system of squares.
The proximal and distal segments are inside a square, and the length of the sides are defined by the widest part
of the epiphysis.

Humeral fracture codesHumeral fracture codes

The Danish Medical Coding Classification System is based on the International Classification of Diseases, tenth
revision (ICD-10) with an extra subdivision that includes a suffix alphabetic letter [15, 16]. Fractures of the
shoulder and upper arm have eight subdivisions by the ICD-10. These subdivisions range from specific anatomic
segments of the clavicle bone, scapula bone and humeral bone (proximal, diaphyseal and distal) to unspecified
subdivisions including multiple fractures of clavicle, scapula and humerus; fractures of other parts of shoulder
and upper arm; and unspecified fractures of the shoulder and upper arm [15]. In two diagnoses: S42.3A (Fracture
of the humerus unspecified) and S42.7B (Multiple fractures of the humerus), the suffix was kept since removal of
the letter would change the definition of the fracture location.

The Danish National Patient RegistryThe Danish National Patient Registry

From 1977 to 1993, the DNPR collected discharge diagnoses on individual patients according to the ICD-8.
Thereafter, the ICD-10 has been used. The registry makes it possible to follow a patientʼs healthcare contacts
longitudinally by individual-level linkage to the Danish Civil Registration System, which provides all persons
residing in Denmark with a unique ten-digit Civil Personal Register (CPR) number [17]. Hospitals in Denmark are
compelled by law to report data to the DNPR and the registry is updated continuously on a weekly basis by
hospital administrations. The registry has a nationwide coverage from public hospitals of 99.7%, and since 2003
it has also been mandatory for private hospitals to use the register [3]. In combination with the universal
healthcare system of Denmark, this lowers the selection bias of the registry for all hospital-treated conditions.
Fractures of the upper arm are conditions that should always lead to a hospital visit for diagnostics and initial
treatment, as it is possible to obtain emergency radiographic images of the humerus only in public hospitals in
Denmark. Therefore, we assume that the coverage of upper arm fractures in the DNPR is close to 100%.

Statistical analysisStatistical analysis

The PPV with 95% confidence intervals (CI) was estimated according to the Wilson method [18]. The PPV was
first estimated as the proportion of humeral fracture diagnoses (S42*) retrieved from the DNPR that was
correctly reported as a humeral fracture. Furthermore, the correctness of the specific fracture diagnosis from
the DNPR was assessed against the correct anatomical location of the fracture.

The patients were sampled using Microsoft Excel 2010 (Microsoft Corp, Redwood, Washington) and analysed
using STATA statistical software, V17 (StataCorp, LP).

Trial registration: not relevant.

RESULTSRESULTS

A total of 12,912 patients were identified with a humeral fracture diagnosis from March 2017 through February
2020. The distribution between regions was: 50.5% Capital Region, 28.9% Region of Southern Denmark and
20.6% Region of Zealand. In total, 661 patients were sampled between all available diagnosis codes (Figure 1Figure 1).
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The PPV for humeral fracture was 89.3% (95% CI: 86.6-91.4%). The PPVs for subdivision codes were 91.0% (95%
CI: 84.0-95.0%) for proximal humeral fractures, 89.0% (95% CI: 81.0-94.0%) for humeral diaphyseal fractures and
78.0% (95% CI: 68.9-84.9%) for distal humeral fractures (Table 1Table 1).

.
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The distribution by humeral fracture segments was: 52% proximal fractures, 24% diaphyseal fractures, 14%
distal fractures, 2% clavicle fractures, 4% scapula fractures and 4% other injuries (Table 2Table 2). PPVs for humeral
fractures per calendar year were as followed; 2017, 92.2% (95% CI: 81-92%), 2018, 92.5% (95% CI: 87-94%), 2019,
89.7% (95% CI: 85-93%) and 2020 88.9% (95% CI: 70-90%).

DISCUSSIONDISCUSSION

The DNPR accurately recorded diagnoses of humeral fractures during 2017-2020 with a PPV of 89%. The PPVs for
fracture-specific locations ranged from 78% to 91%. The study could document a high validity for proximal and
diaphyseal humeral fractures; 91% and 89%, respectively. The high validity suggests that the DNPR is a reliable

.

.
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registry for epidemiological research on humeral fractures and for proximal and diaphyseal humeral fractures.
However, distal humeral fractures presented a lower validity of 78%, and this diagnosis code should therefore be
used with caution for registry research.

This was the first study to validate DNPR specifically for the diagnosis codes for humeral fractures. Previous
validations studies of orthopaedic diagnoses in the DNPR have shown acceptable PPVs that are among the
highest compared with other fields [3]. Our results show that the validity of the humeral fracture diagnosis is
superior to what other existing DNPR validation studies have found for overall orthopaedic diagnosis codes [3, 7]
and in line with the results of other validation studies assessing specific orthopaedic conditions [8-10].

The high validity of the humeral fracture diagnosis may be explained by the presentation of the condition.
Patients with humeral fractures present themselves with symptoms of localised pain, and the fracture may be
clearly visualised with radiographic images without overlap from other bones.

The accuracy decreased with the subclassification (proximal, diaphyseal, distal) of specific humeral fracture
segments. Some of the variation in PPV for humeral fractures by anatomical location may be explained by
fractures located on the border of the defined cut-offs [19].

Limitations and strengthsLimitations and strengths

Several limitations and strengths should be considered.

1. The possibility to choose unspecified codes for humeral fractures in the ICD-10 may result in a reduced
sensitivity for the main fracture segments (proximal, diaphyseal, distal). From Table 2, we can extract that 78%,
18% and 4% of unspecified humeral fracture diagnoses could have been diagnosed as proximal, diaphyseal and
distal fractures, respectively. It remains unclear if the fracture morphology on correct registered proximal,
diaphyseal and distal fractures differs from the unspecified diagnosis code since we did not assess fracture
morphology. If fractures in the unspecified diagnosis group present more complex morphologies, this may be a
limitation for future register-based studies that do not include these codes due to fracture heterogeneity.

2. The PPV was used as a measure of DNPR validity since the data collection was specifically related to diagnosis
codes of humeral fractures. A high PPV validates the use of a diagnosis code for prognostic studies but cannot
independently estimate disease prevalence or incidence.

3. Data were collected from only three of the five Danish regions as we did not have data on the last two regions.
The Danish population is highly homogenous with respect to sociodemographic and healthcare utilisation
between the five regions [12]. Therefore, the findings should be generalisable to the entire population.

Clinical implicationsClinical implications

The high validity of humeral fracture codes in the DNPR enables the use of the database to conduct register-
based studies that, e.g., identify risk factors for failure, monitor treatment trends and mortality rates. More
validation studies on fracture diagnoses from the DNPR are needed to establish a gold standard for a future
Danish Fracture Database with the potential of including fracture- and procedure-specific indicators and
outcomes to study rare events and risk factors.

CONCLUSIONCONCLUSION

The validity of the humeral fracture diagnosis and the classifications of proximal and diaphyseal fractures in the
DNPR is high, and the DNPR may therefore be used in registry research. The diagnosis of distal humeral
fractures has a lower validity and should be used with caution.
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