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Aim: The health-care databases may be a valuable source for epidemiological research in

hip fracture surgery, if the diagnoses are valid. We examined the validity of hip fracture

diagnoses and surgical procedure codes in the Danish Multidisciplinary Hip Fracture

Registry (DMHFR) and the Danish National Patient Registry (DNPR) by calculating the

positive predictive value (PPV).

Methods: We identified a random sample of 750 hip fracture patients registered in the

DMHFR between 2014 and 2017. Diagnoses have been coded by the 10th revision of the

International Classification of Diseases, while procedures have been coded by the Nordic

Medico-Statistical Committee classification in the DNPR and directly transferred to the

DMHFR. Using the surgical procedure description from the medical record as gold standard,

we estimated the PPV of the hip fracture diagnoses and surgical procedure codes in the

DMHFR and the DNPR with 95% confidence interval (CIs).

Results: The PPV was 90% (95% CI: 86%-93%) for fracture of the neck of femur, 92%

(95% CI: 87%-95%) for trochanteric fracture, and 83% (95% CI: 78%-88%) for subtrochan-

teric fracture. Joining trochanteric and subtrochanteric fracture resulted in a PPV of 97%

(95% CI: 95%-98%). Procedure codes had a PPV of 100% for primary prosthetic replace-

ment and internal fixation with intramedullary nail, 96% (95% CI: 85%-99%) for internal

fixation using screws alone, 91% (95% CI: 84%-96%) for internal fixation using plates and

screws, and 89% (95% CI: 83%-94%) for internal fixation with other or combined methods.

Stratifying by age group, gender, hospital type and calendar year of surgery showed similar

results as the overall PPV estimates.

Conclusion: Our findings indicate a high quality of the hip fracture diagnoses and corre-

sponding procedure codes in the DMHFR and the DNPR, with a majority of PPVs above

90%. Thus, the DMHFR and the DNPR are a valuable data source on hip fracture for

epidemiological research.
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Introduction
Hip fracture is a common condition among the elderlywith almost 7000 newhip fractures

in Denmark each year.1 The incidence worldwide is expected to rise substantially in the

coming decades due to the aging population in all western societies.2–4 Sustaining a hip

fracture has major individual and public health implications,5,6 indicated by a mortality
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rate of almost 30% within 1 year,1 high risk of postoperative

complications,7 and increased disability among the survivors.8

This has led to the establishment of clinical quality

databases on hip fracture patients in many countries

around the world.9,10 The nationwide clinical quality data-

base The Danish Multidisciplinary Hip Fracture Registry

(DMHFR) was established in 2003.11 Since 2010, data on

diagnoses and procedures have been directly transferred

from the Danish National Patient Registry (DNPR) to the

DMHFR. Clinical data are prospectively and routinely

collected, giving the opportunity to perform epidemiologi-

cal studies on incidence, risk factors and prognosis of hip

fracture patients, answering clinical questions that are not

easily addressed by randomized clinical trials. However,

knowledge about the validity of data is essential if data-

bases are used for research purposes.12

Until now, no validation studies on hip fracture diag-

noses have been conducted in Denmark. Few validation

studies on hip fracture diagnosis have been published from

abroad, based on local data in Scandinavia (Norway and

Finland)13,14 and administrative insurance claims in USA

and Canada.15,16 The insurance claims databases are not

comparable with the clinical quality databases due to the

risk of selection bias. The Scandinavian studies represent

health-care systems that share some common traits with

the Danish, but there are also great differences in admin-

istrative systems and coding practices. Only the Finnish

study subdivide the hip fracture diagnosis into neck of

femur, trochanteric and subtrochanteric fractures and it

was also the only study that validated the International

Classification of Diseases 10th revision (ICD-10) codes

rather than ICD-9. However, this study was challenged

by different classification systems in their audit data and

their registry, as pointed out by the authors themselves.

Furthermore, since the publication of these studies, the

Danish system has undergone a massive computerization,

which may impact the registration. Since the DMHFR is

being increasingly used for research purposes, the data

quality needs to be determined.

Thus, we aimed to investigate the positive predictive

value (PPV) of the diagnosis codes and the procedure

codes in the DMHFR and the DNPR.

Materials and Methods
Health care in Denmark is fully tax-supported for all

citizens, allowing equal access for all inhabitants to both

general practitioners and hospitals.

Data Sources
The DMHFR is a nationwide clinical-quality database on

hip fracture patients aged 65 years or above.11 The

DMHFR was established in 2003 with the aim of monitor-

ing and improving the treatment and care of hip fracture

patients. All Danish hospitals treating hip fracture patients

report data to the DMHFR on a number of selected quality

indicators, as well as pre-, peri- and postoperative clinical

data. During the first years of the DMHFR, data were

collected using an independent web-platform. Since

2010, data are prospectively collected from the DNPR.

Reporting is obligatory, and consequently, all hip fracture

patients operated in Denmark should be registered in the

DMHFR.

The DNPR has documented all hospital admissions with

dates of admission and discharge, performed surgical proce-

dures and discharge diagnosis with one primary – and up to

20 secondary diagnoses since 1977.17 Diagnoses are coded

after ICD-8 up to 1993, and thereafter ICD-10 are used.18

The surgical procedures are coded after the Nordic Medico-

Statistical Committee (NOMESCO) classification.19

Hip fracture diagnoses and all other DMHFR variables

originate from the DNPR, from where ICD-10 and

NOMESCO procedure codes are directly transferred to

the DMHFR.

Study Population
From the DMHFR we identified all patients over 65 years of

age, surgically treated for a hip fracture in the period

January 1, 2014, until December 31, 2017. From this cohort,

we collected a random sample of 150 patients from each of

the following hospitals in the Central Denmark Region:

Aarhus University Hospital, Horsens Regional Hospital,

and Holstebro Regional Hospital. Likewise, from the

Northern Denmark Region, we sampled 150 patients from

Aalborg University Hospital and another 150 from Hjorring

Regional Hospital. Thus, the total sample size included 750

hip fracture patients. This size was based on a balance

between ensuring a good precision in our estimates within

an acceptable use of resources.20 The sampling was con-

ducted with equal weights on each diagnosis, to ensure 50

patients with each of the discharge diagnoses fracture of the

neck of femur (DS720), trochanteric fracture (DS721) and

subtrochanteric fracture (DS722) from each hospital.

In Denmark, each citizen is provided a 10-digit civil

registration number, which is registered upon all health-

care contacts, and encoded in health-care databases.21,22 We
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were able to use this civil registration number to find the

patients in the hospitals’ electronic medical record.

Medical Record Review
Patient medical records were used as a gold standard. Trained

health-care professionals, blinded from the information in the

DMHFR, entered all information from the medical record in

a standardized form, specifically developed for this purpose.

Each review was initiated by confirming the civil registration

number and the date of operation. The extracted information

was based on the description of the performed procedure.

The operating surgeon wrote the description, including the

indication for the procedure, the diagnosis code, and the

procedure code, on the day of operation. We were thus able

to confirm or reject the hip fracture diagnosis and the surgical

procedure recorded in the DMHFR.

We collected and managed all information from the

medical journals using Research Electronic Data Capture

(REDCap), an electronic data capture tools hosted at

Aarhus University.23,24 REDCap is a secure, web-based

software platform designed to support data capture for

research studies.

Statistical Analysis
For each hip fracture diagnosis and surgical procedure we

calculated, PPV with 95% confidence intervals (CI) as the

proportion of diagnoses or procedures in the DMHFR,

confirmed by the medical records. We calculated PPVs

for each diagnosis and procedure individually in the over-

all cohort and stratified by age group, gender, hospital type

and year of diagnosis. Furthermore, as many studies com-

bine trochanteric and subtrochanteric fractures as lateral

fractures, we mimicked this approach and computed PPVs

for lateral fractures also. Analyses were performed in

STATA version 15.1 (StataCorp) and R version 3.5.1 (R

Foundation for Statistical Computing), package epiR.25

The content of this paper follows The Strengthening the

Reporting of Observational Studies in Epidemiology.26

The Danish Data Protection Agency approved the study

(journal number 2015-57-0002). As there was no contact

with patients or interventions performed, permission from

the Danish Scientific Ethical committee was not necessary.

Medical record reviewwas approved by theDanish Patient

Safety Authority (reference number: 3-3013-2739/1) and by

the Head of each of the involved departments at the included

hospitals.

Results
Figure 1 shows a flowchart of the selection and sampling

process. We identified 26,920 patients in the DMHFR in

the study period of which 6097 were treated at the five

selected hospitals. All 750 records were eligible for ana-

lysis. The mean age among the sampled patients was 82.7

years (standard deviation: 8.3) and 514 (69%) were

women. The overall PPV for all diagnoses was 100%;

i.e. all patients had indeed sustained a hip fracture and

had surgery performed on the date listed in the registry.

For patients operated for a fracture of the femoral neck, the

most common procedure performed was a prosthetic replace-

ment; either partial or total (Table 1). Patients with

a trochanteric fracture were most frequently operated using

a sliding compression screw with a side plate or an intrame-

dullary nail, but different surgical codes were used for this

operation. Most surgeons at the university hospitals used

KNFJ6* whereas most surgeons at the regional hospitals

used KNFJ8*, however even within the same hospital, the

variation was substantial. Finally, patients with

a subtrochanteric fracture were primarily treated with an intra-

medullary nail.

PPV of Diagnosis Codes
Overall, we were able to verify the fracture of the neck of

femur in 225 out of 250 cases, giving a PPVof 90% (95%

CI: 86–93) (Table 2). A PPVof 92% (95% CI: 87–95) was

found for trochanteric fracture whereas the result was 83%

(95% CI: 78–88) for subtrochanteric fracture. When going

through the surgery descriptions, we found many descrip-

tions of a combined trochanteric and subtrochanteric frac-

ture. However, only one of the diagnoses was registered in

DMHFR since it was not possible to simultaneously record

two. In the group of lateral fractures (trochanteric and

subtrochanteric fractures combined), we found

a substantially improved PPV of 97% (95–98).

Stratifying the analysis into age group, gender, hospital

type or by calendar year (Table 3–5) showed similar

results as the overall analysis - the PPVs were robust for

all stratifications. As for the overall analyses, we saw, with

few exceptions, a general pattern with subtrochanteric

fractures having the lowest PPV of 75–89% and trochan-

teric the highest PPV of 90–94%.

PPV of Procedure Codes
In the overall analysis, we confirmed all 167 records of pros-

thetic joint replacements, giving a PPVof 100%.Wealso found
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a PPV of 100% for “internal fixations using intramedullary

nail” with only one erroneous registration out of 276 entries

(Table 2). For “internal fixation with screws alone”, the PPV

was 96% (95% CI: 85–99), ‘internal fixation with plate and

screws’ had a PPV of 91% (95% CI: 84–96) and the lowest

PPVof 89% (95% CI: 83–94) was found for “internal fixation

with other or combined methods”.

When stratifying the analysis according to age group,

gender, hospital type or calendar year (Table 3–5) we

again saw a slight variation, but generally PPVs with in

the same range as for the overall analysis and with over-

lapping CIs. The lowest PPV for any analysis was

observed for “internal fixation with other or combined

methods” of 79% (95% CI: 63–90).

Discussion
Review of 750 patient records showed that the PPVs of hip

fracture diagnoses and surgery codes in the DMHFR and

the DNPR was high, in most cases above 90%. Our results

suggest that these registries are indeed a valuable resource

for epidemiologic hip fracture research. The PPV of 83%

was found for subtrochanteric fracture, however, if we

combined trochanteric and subtrochanteric fracture, the

PPV increased to 97%.

Previous comparable studies validating the hip fracture

diagnoses,13,15,27,28 find up to 20% of the database entries to

be incorrect, meaning that the patient had not sustained a hip

fracture. Our 100% correct registration of hip fracture

patients in the DMHFR is likely because the DMHFR only

All entries in the Danish Multidisciplinary 
Hip Fracture Registry 2014-2017, 

n= 26,920

Restrict to hospitals of interest
Aarhus, n= 1,204
Horsens, n= 873

Holstebro, n= 1,482
Aalborg, n= 1,519
Hjørring, n= 1,019

Total, n= 6,097

Restrict to main hip fracture diagnoses 
DS720, DS721, DS722,

n= 6,076

Random sample of 150 entries for each
hospital, equally divided between the 

three diagnoses (50 each),
n= 750

Excluded patients treated at all other sites,
n= 20,823

Excluded diagnoses DS721A and DS721B,
n= 21

Excluded patients not sampled:
Aarhus, n= 1,050
Horsens, n= 718

Holstebro, n= 1,324
Aalborg, n= 1,366
Hjørring, n= 868
Total, n= 5,326

Figure 1 Flowchart showing the selection of the study population.
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includes patients recorded with both ICD and NOMESCO

code in the DNPR. A validation study of the Norwegian

registry by Hoiberg et al27 uses the same criteria as ours,

finding 99.4% correct classification overall. If only identified

by ICD codes, Hoiberg and colleagues found 24.1% of

patients missing a NOMESCO code by mistake, which

would not be included in the registry. However, a previous

study from Denmark showed that completeness of the regis-

tration in the DNPR increased with less than 1% by using

only diagnosis codes compared with using diagnoses in

addition to surgery codes.1

Only one previous study,13 validating the Finnish hip

fracture registry, divide hip fractures into sub-diagnoses.

The authors find a PPVof 88.1% for fracture of the neck of

femur, 96.0% for trochanteric and 62.5% for subtrochan-

teric fractures, slightly lower than our findings on all

diagnoses. They argue that the variation in PPV is due to

anatomic location, finding misclassifications to occur

when the fracture is located on the border of the trochan-

teric region. However, this study is challenged by different

classification systems in the database and the gold stan-

dard, which magnifies the problem substantially. Despite

a uniform classification system for comparison in our

registry, we find 15–20% of subtrochanteric fractures to

be misclassified, mainly due to a combined fracture invol-

ving both the trochanteric and subtrochanteric region. This

is concerning if one needs to distinguish between the two

diagnoses, and thus, we recommend to pool them together,

if possible, into “lateral fractures”.

The surgical procedure coding was in our study highly

correct, with PPVs ranging from 89% to 100%. Especially

prosthetic hip replacements, internal fixation using intra-

medullary nail and internal fixation using screws alone

were good, which is quite similar to the findings of

Cundall-Curry et al,28 although different coding systems

were used. The concern in our results was the varying

traditions in coding practices of sliding compression

screw with lateral plate fixation. To our knowledge has

this not been observed previously. According to the

NOMESCO classification,19 the procedure should be

coded as ‘internal fixation using other or combined meth-

ods’ (KNFJ8*), however it is understandable why some

surgeons use KNFJ6* “internal fixation using plates and

screws” as this title very well describes the procedure

being performed. This confusion is likely the cause of

the lower PPVs observed in these two groups.

The DMHFR use a setup with electronic transfer of

routinely and prospectively collected data from the hospital

medical records to the clinical quality database. This is very

similar to a long range of hip fracture registries around the

world. Even though other and locally selected variables

should be validated before they are used for scientific

research, we find, based on this study, good reasons to believe

Table 1 Summary of Diagnosis Codes and Performed Procedures

Coded in the Danish Multidisciplinary Hip Fracture Registry

(DMHFR)

Procedure Coded in DMHFR Diagnosis Coded in

DMHFR

DS720 DS721 DS722

KNFB* Primary prosthetic

replacement of hip joint

159 6 3

KNFJ5* Internal fixation using

intramedullary nail

11 86 179

KNFJ6* Internal fixation using plate

and screws

21 67 22

KNFJ7* Internal fixation using screws

alone

41 3 2

KNFJ 4*, 8*, 9* Internal fixation with

all other or combined methods

18 88 44

Notes: *Indicates all possible digit(s) in the subgroups of the classification. E.g.

KNFJ5* = KNFJ50, KNFJ51, KNFJ52, KNFJ53, KNFJ54 and KNFJ55.

Table 2 Positive Predictive Value (PPV) of Diagnoses and

Procedures Coded in the Danish Multidisciplinary Hip Fracture

Registry (DMHFR)

Diagnosis Coded in

DMHFR

Total, n Verified PPV

(95% CI)

DS720 Fracture of neck of femur 250 225 90 (86–93)

DS721 Trochanteric fracture 250 229 92 (87–95)

DS722 Subtrochanteric fracture 250 208 83 (78–88)

Lateral fracture (DS721 +DS722) 500 483 97 (95–98)

Procedure coded in DMHFR

KNFB* Primary prosthetic

replacement of hip joint

168 168 100 (98–100)

KNFJ5* Internal fixation using

intramedullary nail

276 275 100 (98–100)

KNFJ6* Internal fixation using

plate and screws

110 100 91 (84–96)

KNFJ7* Internal fixation using

screws alone

46 44 96 (85–99)

KNFJ 4*, 8*, 9* Internal fixation

with other or combined

methods

150 134 89 (83–94)

Notes: *Indicates all possible digit(s) in the subgroups of the classification. E.g.

KNFJ5* = KNFJ50, KNFJ51, KNFJ52, KNFJ53, KNFJ54 and KNFJ55.

Abbreviation: CI, Confidence interval.
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that the hip fracture diagnoses and procedure codes can be

trusted in these databases in general. This is supported by the

comparable validation of procedure codes from the British

database.28 It should be noted that in order to make

a comparison we had to rearrange the British data, based on

their published results, into groups comparable to our own.

Furthermore, data from one other Scandinavian country

show similar PPVs on the hip fracture diagnoses with the

distinction between trochanteric and subtrochanteric frac-

tures as the main exception, as previously mentioned.13

Table 3 Positive Predictive Value (PPV) of Diagnoses and Procedures, by Age Group, Coded in the Danish Multidisciplinary Hip

Fracture Registry (DMHFR)

Diagnosis Coded in DMHFR 65–74 Years 75–84 Years > 80 Years

Total/

Verified

PPV (95% CI) Total/

Verified

PPV (95% CI) Total/

Verified

PPV (95% CI)

DS720 Fracture of neck of femur 50/48 96 (86–100) 94/85 90 (83–96) 106/92 87 (79–93)

DS721 Trochanteric fracture 53/50 94 (84–99) 91/82 90 (82–95) 106/97 92 (84–96)

DS722 Subtrochanteric fracture 55/44 80 (67–90) 90/79 88 (79–94) 105/85 81 (72–88)

Lateral fracture (DS721 + DS722) 108/106 98 (93–1.00) 181/172 95 (91–98) 211/205 97 (94–99)

Procedure coded in DMHFR

KNFB* Primary prosthetic replacement of hip

joint

31/31 100 (89–100) 68/68 100 (95–100) 69/69 100 (95–100)

KNFJ5* Internal fixation using intramedullary nail 58/57 98 (91–100) 101/101 100 (96–100) 117/117 100 (97–100)

KNFJ6* Internal fixation using plate and screws 27/25 93 (76–99) 39/38 97 (87–100) 44/37 84 (70–93)

KNFJ7* Internal fixation using screws alone 12/12 100 (74–100) 14/14 100 (77–100) 20/18 90 (68–99)

KNFJ 4*, 8*, 9* Internal fixation with other or

combined methods

30/25 83 (65–94) 53/47 89 (77–96) 67/62 93 (83–98)

Notes: *Indicates all possible digit(s) in the subgroups of the classification. E.g. KNFJ5* = KNFJ50, KNFJ51, KNFJ52, KNFJ53, KNFJ54 and KNFJ55.

Abbreviation: CI, Confidence interval.

Table 4 Positive Predictive Value (PPV) of Diagnoses and Procedures, by Gender and Hospital Type, Coded in the Danish

Multidisciplinary Hip Fracture Registry (DMHFR)

Diagnosis Coded in DMHFR Male Female University Hospital Regional Hospital

Total/

Verified

PPV

(95% CI)

Total/

Verified

PPV

(95% CI)

Total/

Verified

PPV

(95% CI)

Total/

Verified

PPV

(95% CI)

DS720 Fracture of neck of femur 72/67 93 (85–98) 178/158 89 (83–93) 100/87 87 (79–93) 150/138 92 (86–96)

DS721 Trochanteric fracture 84/79 94 (87–98) 166/150 90 (85–94) 100/93 93 (86–97) 150/136 91 (85–95)

DS722 Subtrochanteric fracture 80/66 82 (72–90) 170/142 84 (77–89) 100/75 75 (65–83) 150/133 89 (82–93)

Lateral fracture (DS721 + DS722) 164/161 98 (95–100) 336/322 96 (93–98) 200/196 98 (95–99) 300/287 96 (93–98)

Procedure coded in DMHFR

KNFB* Primary prosthetic

replacement of hip joint

44/44 100 (92–100) 124/124 100 (97–100) 65/65 100 (94–100) 103/103 100 (96–100)

KNFJ5* Internal fixation using

intramedullary nail

85/85 100 (96–100) 191/190 99 (97–100) 131/131 100 (97–100) 145/144 99 (96–100)

KNFJ6* Internal fixation using plate

and screws

38/34 89 (75–97) 72/66 92 (83–97) 26/26 100 (87–100) 84/74 88 (79–94)

KNFJ7* Internal fixation using

screws alone

15/15 100 (78–100) 31/29 94 (79–99) 14/13 93 (66–100) 32/31 97 (84–100)

KNFJ 4*, 8*, 9* Internal fixation

with other or combined methods

54/46 85 (73–93) 96/88 92 (84–96) 64/58 91 (81–96) 86/76 88 (80–94)

Notes: *Indicates all possible digit(s) in the subgroups of the classification. E.g. KNFJ5* = KNFJ50, KNFJ51, KNFJ52, KNFJ53, KNFJ54 and KNFJ55.

Abbreviation: CI, Confidence interval.
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This study only includes patients from two out of

Denmark´s five regions. However, the different regions

in Denmark seem to be comparable in terms of socio-

economic characteristics.29 Furthermore, the choice of

hospitals of different volumes and uptake areas, includ-

ing both the regional capital but also rural areas in both

regions, encapsulates a representative sample of the

Danish population. In support of this, we find compar-

able distributions of age and gender in our sample and

at the national level.1 We find the risk of information

bias in our study low, even though we relied solely on

the description from the operating surgeon and did not

evaluate preoperative x-rays or CT-scans. The detailed

descriptions from the operating surgeon were very clear

as to fracture type and surgical procedure. We have not

evaluated the completeness of the registries, specificity,

and negative predictive value. However, hip fracture

patients are only admitted at a public hospital, since

no private, inpatient acute wards exist in Denmark. All

departments report discharge diagnoses to the DNPR for

economic purposes and data is directly transferred from

the DNPR to the DMHFR. Even though all departments

have a strong incentive to ensure very high complete-

ness, a study on all patients admitted to an orthopedic

ward suggests the opposite.30

Conclusion
The PPVs for hip fracture diagnoses and surgical proce-

dure codes in the DMHFR and DNPR were high, above

90%. The main exception was subtrochanteric fracture

with a PPV between 80% and 90%, which can be sur-

passed by grouping trochanteric and subtrochanteric frac-

tures. We find the data to be valuable for scientific research

on prognosis among this group of patients and strongly

encourage future studies on this topic.
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DS721 Trochanteric fracture 61/56 92 (82–97) 60/56 93 (84–98) 50/44 88 (76–95) 79/73 92 (84–97)

DS722 Subtrochanteric fracture 62/54 87 (76–94) 56/44 79 (66–88) 59/49 83 (71–92) 73/61 84 (73–91)

Lateral fracture (DS721 + DS722) 123/119 97 (92–99) 116/114 98 (94–100) 109/102 94 (87–97) 152/148 97 (93–99)

Procedure coded in DMHFR

KNFB* Primary prosthetic

replacement of hip joint

35/35 100 (90–100) 38/38 100 (91–100) 48/48 100 (93–100) 47/47 100 (92–100)

KNFJ5* Internal fixation using

intramedullary nail

66/66 100 (95–100) 59/59 100 (94–100) 58/57 98 (91–100) 93/93 100 (96–100)

KNFJ6* Internal fixation using plate

and screws

29/28 97 (82–100) 29/27 93 (77–099) 27/22 81 (62–94) 25/23 92 (74–99)

KNFJ7* Internal fixation using

screws alone

9/8 89 (52–100) 13/12 92 (64–100) 13/13 100 (75–100) 11/11 100 (72–100)

KNFJ 4*, 8*, 9* Internal fixation

with other or combined methods

43/40 93 (81–99) 37/34 92 (78–98) 32/30 94 (79–99) 38/30 79 (63–90)

Notes: *Indicates all possible digit(s) in the subgroups of the classification. E.g. KNFJ5* = KNFJ50, KNFJ51, KNFJ52, KNFJ53, KNFJ54 and KNFJ55.

Abbreviation: CI, Confidence interval.
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