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Large hospital variation in the risk of dislocation after 
primary total hip arthroplasty for primary osteoarthritis: 
31,105 patients in 59 hospitals from the Danish Hip 
Arthroplasty Register
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Background and purpose — The risk of dislocation after 
primary total hip arthroplasty (THA) is affected by several 
factors, which increases the possibility of substantial differ-
ences among hospitals. We compared cumulative incidences 
of dislocation between regions and hospitals after primary 
THA surgery in osteoarthritis (OA) patients.

Patients and methods — From the Danish Hip Arthro-
plasty Register, we included 31,105 THAs performed from 
2010 to 2014 with 2 years’ follow-up. Dislocations treated 
by closed reduction were identified in the Danish National 
Patient Register combined with patient file review. The 
results are presented as 2-year cumulative incidence on 
national, regional, and hospital level as proportions with 
95% confidence intervals (CI) and as adjusted odds ratios 
(OR) analyzed by multiple logistic regression.

Results — 1,861 dislocations in 1,079 THAs were identi-
fied from 59 orthopedic departments. The 2-year cumulative 
incidence ranged from 2.2% to 4.3% between the 5 regions in 
Denmark. Hospital variation was 0–12%. For hospitals with 
a 5-year volume of more than 100 procedures, the incidence 
was 0.9–7.4%. Using the highest volume hospital as the ref-
erence, ORs for dislocation for the remaining hospitals were 
between 0.3 (CI 0.1–0.6) and 2.7 (1.9–4.0) after adjusting 
for age, sex, head size, and fixation method. Low-volume 
hospitals showed a higher dislocation risk than high-volume 
units with an adjusted OR of 1.2 (1.1–1.4).

Interpretation — We found substantial variation in the 
incidence of dislocation between hospitals within Denmark, 
which can be explained by a combination of patient-, com-
ponent-, and surgery-related factors. There is a need for 
continuous monitoring of THA dislocation on regional and 
hospital levels to reduce overall and local dislocation risk for 
future patients.

Dislocation after primary total hip arthroplasty (THA) is a 
serious complication and is reported to vary from 0.2% to 
10% (1-4). This notable variation is the result of the multifac-
torial causality of dislocation, including both patient-, compo-
nent-, and surgery-related factors (5-7). In addition, surgeons’ 
skills and routine may impose a greater impact on the outcome 
than the use of particular approaches or implants, impliying an 
increased risk of regional differences among hospitals within 
a single country (3,4,8,9). 

Continuous monitoring of local hip dislocation rates is chal-
lenging with the current standard registry settings. During the 
last 50 years, several national hip arthroplasty registries have 
been established to monitor the use of different prosthesis 
designs and their complications through revision rates (10-
13). However, as most hip dislocations are treated by closed 
reduction only, they are not captured in these registries. Addi-
tionally, patients with dislocations are treated by a variety of 
orthopedic subspecialties with varying experience, resulting 
in inconsistent coding practice and making it challenging to 
identify the procedure in national patient registries (14). 

A recently published, nationwide study revealed that 3.5% 
of Danish patients with osteoarthritis experienced at least 1 
hip dislocation within 2 years after THA surgery, but the study 
did not focus on regional or hospital variations (7). To ensure 
high treatment quality, it is important to monitor complica-
tions to learn from the institutions with the best outcomes. 
Before efforts are made regarding a national monitoring ini-
tiative, we compared cumulative incidences of dislocation 
between hospitals and regions within Denmark after primary 
THA surgery in patients with osteoarthritis and assessed the 
association with number of procedures per hospital. This will 
be important for identifying hospitals with high dislocation 
rates with the focus on quality development in the future. 
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Patients and methods
Study design
This is a population-based cohort study with prospectively 
collected data from the Danish Hip Arthroplasty Register 
(DHR). We have reported according to RECORD guidelines.

Participants
We included patients with the diagnosis “primary/idiopathic 
hip osteoarthritis (OA)” that was reported to the DHR to have 
a primary THA at either a public or private hospital in Den-
mark in the 5-year period from January 1, 2010 to December 
31, 2014 (10,15). We followed each patient for 2 years, except 
in the event of hip revision, death, or migration, in which case 
follow-up was terminated. 

Patients with diagnoses other than primary OA were 
excluded, as were patients younger than 40 years due to the 
rare presence of primary OA to achieve a more homogeneous 
population. In the case of bilateral THA, the second THA was 
excluded to avoid dependency issues among observations 
(16). 

Variables and data sources
We extracted data from 3 separate sources. Due to the unique 
10-digit social security numbers for all Danish citizens, cross-
matching between registers was possible (17). 

First, the patient cohort and surgical characteristics regard-
ing the primary procedure as well as any potential hip revi-
sions were extracted from the DHR. Registration of THAs in 
this national hip arthroplasty register is compulsory, and it has 
a completeness of 98% for primary operations and 93–95% 
for revisions (10,15). Only dislocations that led to revision sur-
gery are registered herein but not closed reductions. 

Therefore, to capture every patient with a dislocation we 
combined data from the Danish National Patient Register 
(DNPR) and the local patient files stored electronically at each 
treating hospital. The DNPR is an administrative database that 
contains information on every hospital contact in Denmark 
(both public and private hospitals), including admission and 
discharge time and date, diagnosis, and operation codes, with a 
completeness of 99.7% (18). The DNPR dataset included both 
orthopedic and non-orthopedic hospital admissions, as well 
as emergency room contacts. We excluded contacts regarding 
the contralateral hip, scheduled outpatient contacts, planned 
revision surgery, and contacts with private hospitals as there 
is no tradition of admission of patients with acute conditions 
in these locations in Denmark. The definition of public/pri-
vate and independent hospitals are based on the Danish 7-digit 
hospital-department classification system (SHAK) managed 
by the Danish Health Data Authority.

To verify the correctness of the dislocation diagnosis in the 
remaining hospital contacts, we divided these contacts into 
2 groups. “Genuine dislocation” contacts were defined as 

having both the correct diagnostic ICD-10 code for THA dis-
location (DT84.0A) and procedure NSCP code for prosthesis 
reduction (KNFH20), and the rest as “possible dislocations.” 
We manually reviewed all patient files containing the possible 
dislocations, as well as the “genuine dislocation” contacts 
with either inconsistency of laterality in the dataset or more 
than 1 operation per admission (7). In the case of insufficient 
information in the patient files, radiology databases were used 
to confirm dislocations. 

Statistics
The cumulative incidence of dislocation during the observa-
tion period is presented as proportions with 95% confidence 
intervals (CI). We evaluated statistically significant dif-
ferences for hospitals with more than 100 THA procedures 
during the 5-year inclusion period using a multiple logistic 
regression analysis adjusting for age, sex, head size, and fixa-
tion method. The hospital (no. 33) with the highest volume 
was chosen as reference hospital, as it represented the national 
incidence. A corresponding analysis was performed to com-
pare the outcome of high-volume (defined as > 1,000 proce-
dures during the 5-year inclusion period) versus low-volume 
hospitals (< 1,000 procedures). We performed the statistical 
analysis with STATA software version 17.0 (StataCorp, Col-
lege Station, TX, USA). 

Ethics, data-sharing, funding, and potential conflicts 
of interest
The Danish Patient Safety Authority (3-3013-2128/1), the 
Danish Data Protection Agency (2008-58-0035) and head of 
local departments approved the storage and review of patient 
medical records. The names of the 5 main regions in Denmark 
as well as the included hospitals are anonymized throughout 
the paper. 
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Association, the A.P. Møller Foundation for the Advancement 
of Medical Science, the Orthopaedic Fund of West Jutland, 
Doctor of Bramming, Grethe Marie Justesens Fund, the Uni-
versity of Southern Denmark, and Region of Southern Den-
mark. There are no conflicts of interest. 

Results 
Population
We extracted 36,693 registered THA procedures due to pri-
mary OA in 32,904 patients from the DHR between January 
1, 2010 and December 31, 2014. The final study cohort con-
sisted of 31,105 THAs after exclusions (Figure 1 and Table 
1). These patients accounted for 16,108 healthcare contacts in 
the DNPR during the subsequent 2 postoperative years. The 
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majority were discarded, leaving 1,143 genuine dislocations 
and 4,726 possible dislocations at 37 hospitals. The major-
ity of patients completed the intended follow-up period, while 
3.6% underwent hip revision for any reason and 2.7% died 
during the 2 years. 

2). We identified 59 independent orthopedic hospitals (both 
public and private) that performed between 1 and 2,558 THAs 
with 2-year dislocation incidences ranging from 0% to 12% 
(Figure 2). Revisions due to dislocation occurred in 0-3.8% 
of the patients, with proportions as high as 42% of a single 
unit’s total number of patients with dislocation (Figure 2). 
If excluding the smallest units (5-year volume < 100 proce-
dures) and thereby minimizing the degree of coincidences, 
the 2-year dislocation incidence range narrowed to 0.9–7.4%. 
The regression analysis revealed 6 hospitals with statistically 
significant fewer dislocations and 11 hospitals with more dis-
locations than the reference (data not shown). After adjusting 
for age, sex, head size, and fixation method the numbers were 
4 and 10 hospitals, respectively, with ORs between 0.3 (0.1–

Figure 1. Flowchart overview of the process starting with identifica-
tion of the final study population based on DHR data (part A). Subse-
quently, the process continues with finding relevant hospital contacts 
in the DNPR for these patients and, combined with patient file review, 
the “true” incidence of dislocations is identified (part B). The dotted line 
indicates that 16,108 hospital contacts were found in the DNPR for the 
31,105 included THAs.

Eligible primary THA for primary/idiopathic hip osteoarthritis 
reported to the Danish Hip Arthroplasty Register 

January 1, 2010 to December 31, 2014
n = 36,693 

The final study population
n = 31,105

Excluded (n = 5,588):
– contralateral primary THA, 3,500
– metal-on-metal THA, 451
– secondary arthritis, 446
– constrained liner, 392
– unknown laterality, 270
– unknown head size/
   surgical approach, 206
– revisions, 181
– age < 40 years, 110
– incorrect date of surgery, 32

Health contacts
n = 16,108

Relevant health contacts
n = 5,869

Genuine dislocations
n = 1,143

Genuine dislocations
with known laterality and
1 procedure per contact

n = 873

Missing laterality or > 1
procedure per contact

n = 270

Possible dislocations
n = 4,726

Contacts for patient file review
n = 4,996

99.3% verified by patient files
0.7% verified by radiographs

(missing patient files)

Excluded (n = 10,239):
– contacts regarding contralateral THA, 4,107
– planned outpatient contacts, 2,900
– contacts after revision date, 1,139
– duplet contacts, 974
– wrong diagnoses, 741
– contacts at privat clinics, 378

Excluded (n = 4,017):
– contacts without hip dislocation, 3,914
– contacts with hip dislocation in the 
   contralateral THA, 30
– double contacts (department transfer), 73

Contacts with hip dislocations
n = 979 (988 dislocations)

Hip dislocations
n = 1,861 in 1,079 THAs

Table 1. Demographics of all included patients with primary THA 
due to OA. Values are count (%)

 Complete THAs with THAs without
 study population dislocation(s) dislocation 
 (n = 31,105) (n = 1,079) (n = 30,026)

Age group, years   
 < 65 8,928 216 (20) 8,712 (29)
 65–75 12,668 443 (41) 12,225 (41)
 > 75 9,509 420 (39) 9,089 (30)
Female sex 17,400 650 (60) 16,750 (56)
Head size, mm   
 ≤ 28 1,468 52 (4.8) 1,416 (4.7)
 32 8,563 352 (33) 8,211 (27)
 36 18,746 615 (57) 18,131 (60)
 ≥ 40 1,603 56 (5.2) 1,547 (5.2)
 Dual-mobility cup  725 4 (0.4) 721 (2.4)
Fixation method   
 Cemented 3,930 133 (12) 3,797 (13)
 Uncemented 22,592 782 (73) 21,810 (73)
 Hybrid 4,583 164 (15) 4,419 (15)
Surgical approach   
 Posterior 29,879 1,067 (99) 28,812 (96)
 Lateral 1,226 12 (1.1) 1,214 (4.0)

Table 2. Regional variation of hip dislocation following primary THA 
due to primary OA

  No. of  Incidence of
Region patients dislocation, % (CI)

A (9 hospitals) 8,773 4.0 (3.6–4.4)
B (5 hospitals) 3,889 3.2 (2.6–3.7)
C (8 hospitals) 7,215 3.4 (3.0–3.8)
D (7 hospitals) 6,765 2.9 (2.5–3.4)
E (5 hospitals) 2,796 4.3 (3.6–5.1)
Private sector (25 hospitals) 1,667 2.2 (1.5–3.0)

Cumulative incidence of dislocation
The nationwide cumulative incidence of dis-
location was 3.5% (CI 3.3–3.7) (7). The inci-
dence varied from 2.2% to 4.3% between the 
5 public regions and private hospitals (Table 
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0.6) and 2.7 (1.9–4.0) (Figure 3). The analysis of high- versus 
low-volume hospitals showed a statistically significant higher 
dislocation risk at low-volume units with an adjusted OR of 
1.2 (1.1–1,4). Dislocation incidence versus hospital volume 
also shows that in hospitals with more than 1,000 procedures 
during the 5-year period using the posterior approach, there 
was a lower risk the higher the volume (Figure 4). 

Discussion

The cumulative incidences of dislocation after primary THA 
between hospitals revealed large differences, with 2-year out-
comes varying from 0% to 12%. Using the highest volume 
hospital as a reference measure close to the overall national 
result, we found that 14 hospitals deviated statistically signifi-
cantly during our inclusion period. The validity of our findings 
is strengthened by the large study population, our country’s 
high-quality registries, and in particular the nationwide review 
of patient files securing the inclusion of every hip dislocation. 

In hospitals with a 5-year volume between 1 and 1,000 pro-
cedures, we found the cumulative incidence range from 0% 
to 12% with no correlation to the hospital volume. First, this 
indicates that the relative rareness of dislocation naturally 
leads to large deviations due to coincidences, and second that 
many other factors impact the risk. In higher volume hospitals 
(> 1,000 procedures, posterior approach), the risk stabilized 
in a more predictable range from 1.6% to 6.0% and showed a 
lower risk at higher volume hospitals, suggestive the influence 
of surgical experience (Figure 4). The benefit of high-volume 
surgeons on dislocation risk has been confirmed in previous 
studies (3,9). Although we found a higher risk of dislocation 

after surgery in low-volume hospitals, we cannot present data 
on surgeon level due to lack of this information in the reg-
ister. Therefore, our finding remains an association as many 
other factors may be of influence. High-volume centers may 
have many surgeons affiliated, but attract healthier patients, 
whereas low-volume, academic centers may have few sur-
geons performing the more complicated primary cases. The 
level of early revisions due to dislocation might add to the 
evaluation of surgical quality, as the patients with disloca-
tion and obvious component malposition are presumed to be 
revised more readily than the opposite case. We observed a 
large variation in revision rates among hospitals, which has to 
be interpreted with caution as we do not possess information 
on patient level, and many factors interact when deciding to 
revise. 

To explain the observed between-hospital variation, it is 
important to consider all factors that may influence the risk 
of dislocation, whether these are related to the patient, the 
implants, the surgeon, or the organization. Obviously, sur-
geons possess limited options in terms of modifying most 
patient-related factors that may affect the dislocation risk. If 
the indication for surgery is maintained, this leaves the sur-
geon with the possibility of differentiating between surgical 
approaches and technique, as well as implant type and fixa-
tion method. Regarding head size, the last 10 to 15 years have 
demonstrated the use of larger sizes. From 2000 to 2003, 90% 
of patients received a 28 mm head, whereas 85% received a 
32 or 36 mm head from 2012 to 2017 (15). This change was 
facilitated by fewer dislocations with larger heads (7,19,20). 
In Denmark, approximately 96% of primary THAs are per-
formed through a posterior approach and only 4% by a lateral 
approach (a single institution), with the latter being superior 
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Figure 2. Between-hospital variation of the 
2-year dislocation incidence (95% CI) with 
increasing values (blue dots). The proportion 
of patients having a revision due to dislocation 
is shown without CI (red dots).

Figure 3. Hospital variation adjusted for age, 
sex, head size, and fixation method with hospi-
tal 33 as reference. Only departments with more 
than 100 procedures during the 5-year period 
were included in this analysis. 

Figure 4. Impact of hospital volume on dislo-
cation incidence with 95% CIs. Blue dots = 
units using posterior approach. Green dot = 
1 unit using the lateral approach.
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in terms of dislocation (7,15). Regarding implants, in terms 
of brand/manufacturer, the availability is determined on a 
regional level and therefore varies between the 5 regions with 
only few local options for the surgeon. We observed consid-
erable variation between the regions, with Regions A and E 
performing inferiorly compared with Regions B, C and D 
(public regions), whereas the private sector demonstrated the 
best outcome with 2.2% dislocations. The lower dislocation 
incidence among private hospitals versus the public regional 
hospitals may be explained partly by patient selection, as they 
do not treat patients with high comorbidity (21). Additionally, 
the public hospitals are also responsible for training future hip 
surgeons, which entails a learning curve that may influence 
the dislocation risk. 

The study has several limitations. An important limitation 
is the missing knowledge regarding patient comorbidities, in 
particular information on neuromuscular disorders like Par-
kinson’s disease and specific conditions such as alcoholism 
and psychosis that cause cognitive dysfunction, which may 
increase the dislocation risk (22,23). Widely used comorbidity 
measurements like the Charlson Comorbidity Index and the 
ASA score do not include these conditions. Higher ASA score 
has been associated with increased dislocation risk in several 
studies, but this score was not registered nationally during our 
inclusion period (7,24). The availability of detailed patient 
characteristics would have enabled us to calculate case-mix-
adjusted dislocation incidences and to identify “true” hos-
pital differences rather than possible chance variation (25). 
We sought to eliminate the influence of other patient-related 
factors by adjusting for age and sex, including only patients 
diagnosed with primary OA and excluding patients with acute 
fractures or previous hip surgery. 

In conclusion, we have demonstrated large differences in 
the dislocation risk between the hospitals performing primary 
THAs. The number of procedures explains some of the varia-
tion, but difference in case mix, surgical technique and posi-
tioning of the components, attention from the surgical team, 
and administrative factors may also play a role. 

In perspective, we believe there is a need for national and 
local monitoring of this complication to identify hospitals with 
inferior outcome. Currently, arthroplasty registers are excel-
lent for identifying components and articulations associated 
with increased revision rates, and the inclusion of dislocations 
treated by closed reduction would be the next obvious step, 
which we plan to implement.

LH, BV and SO were responsible for the conception of this study; LH 
was responsible for data analysis; LH drafted the manuscript; BV and SO 
revised the manuscript critically for important intellectual content. All 
authors approved the final version to be published.
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