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Background and purpose — Joint stability after hip 
replacement (HR) in patients with metastatic bone disease 
(MBD) is of special importance. Dislocation is the second 
leading cause of implant revision in HR, while survival after 
MBD surgery is poor with an expected 1-year survival of 
around 40%. As few studies have investigated the disloca-
tion risk across different articulation solutions in MBD, we 
conducted a retrospective study on primary HR for patients 
with MBD treated in our department.

Patients and methods — The primary outcome is the 
1-year cumulative incidence of dislocation. We included 
patients with MBD who received HR at our department in 
2003–2019. We excluded patients with partial pelvic recon-
struction, total femoral replacement, and revision surgery. 
We assessed the incidence of dislocation with competing risk 
analysis with death and implant removal as competing risks.

Results — We included 471 patients. Median follow-
up was 6.5 months. The patients received 248 regular total 
hip arthroplasties (THAs), 117 hemiarthroplasties, 70 con-
strained liners, and 36 dual mobility liners. Major bone 
resection (MBR), defined as resection below the lesser tro-
chanter, was performed in 63%. The overall 1-year cumula-
tive incidence of dislocation was 6.2% (95% CI 4.0–8.3). 
Dislocation stratified by articulating surface was 6.9% (CI 
3.7–10) for regular THA, 6.8% (CI 2.3–11) for hemiarthro-
plasty, 2.9% (CI 0.0–6.8) for constrained liner, and 5.6% (CI 
0.0–13) for dual mobility liners. There was no significant 
difference between patients with and without MBR (p = 0.5).

Conclusion — The 1-year cumulative incidence of dis-
location is 6.2% in patients with MBD. Further studies are 
needed to determine any real benefits of specific articula-
tions on the risk of postoperative dislocation in patients with 
MBD.

Joint stability following hip arthroplasty represents a special 
challenge in patients with metastatic bone disease of the hip 
(MBD). Dislocation is one of the most common causes for 
revision surgery in the first postoperative year after total hip 
arthroplasty (THA) (1,2). While patients with MBD also ben-
efit from hip replacement (HR), these patients are prone to a 
higher frequency of complications such as dislocation (3-6). 
Major bone resection (MBR), defined as bone resection below 
the lesser trochanter, is often required to remove osteolytic 
bone of poor quality. This, in turn, detaches the hip abduc-
tor muscles from their bony anchorage and adversely affects 
the postoperative joint stability (3). Further, patients with 
MBD have a poor survival prognosis with a 1-year survival 
at approximately 40% (7,8). It is therefore crucial to choose a 
prosthesis that mitigates the risks of instability and minimizes 
the need for hospital readmissions or revision surgeries in the 
remaining lifespan. There are only a few recent studies report-
ing the postoperative dislocation risk in patients with HR for 
MBD (3,4,6). Hence, we conducted a retrospective record 
review of all patients who received a primary HR due to MBD 
at our department in 2003–2019 to evaluate the dislocation 
risk and survival in these patients, and to investigate whether 
these vary between patients that have received different types 
of articulating surfaces.

Abbreviations

CL = constrained liner.
DM = dual mobility liner.
HA = hemiarthroplasty.
HR = hip replacement.
MBD = metastatic bone disease of the hip.
MBR = major bone resection.
THA = total hip arthroplasty.
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Patients and methods
Design
This is a retrospective cohort study conducted at the Musculo-
skeletal Tumor Section at the Department of Orthopedic Sur-
gery, Rigshospitalet, Denmark. The study is reported accord-
ing to the STROBE/RECORD guidelines. Our department at 
Rigshospitalet is a highly specialized tertiary referral center, 
with an intake area that covers all of eastern and southern 
Denmark. We identified all patients who received a HR due 
to a pathologic fracture or an impending pathologic fracture at 
our department in 2003–2019. 

Study population
We included patients who met the following criteria:

Inclusion criteria:
– Age ≥ 18 at the time of the surgery.
– Pathologic fracture or impending pathologic fracture of 

the proximal femur and/or acetabulum due to cancer dis-
semination or local hematologic malignancy.

– Primary HR in the period January 1, 2003 to Decem-
ber 31, 2019 with either regular THA, hemiarthroplasty 
(HA), constrained liner (CL), or dual mobility liner (DM).

Exclusion criteria:
– Revision surgery of an existing endoprosthesis in the ipsi-

lateral hip.
– Partial pelvic reconstruction of the ipsilateral hip.
– Total femoral placement of the ipsilateral femur.

Data sources and data collection
We identified patients by searching our institutional surgery 
scheduling system for all HRs due to MBD. We then col-
lected information on patient demographics, cancer history, 
the surgical procedure, the implant, and study outcomes from 
the electronic patient record (EPIC) for patients from the 
Capital Region and Zealand Region, and the digital hospital 
records (in Danish, Sundhedsjournalen) for patients from the 
rest of Denmark. We also retrieved data from paper-based 
patient records for patients with hospital visits pre-dating any 
electronic patient records. Finally, we searched the Danish 
National Imaging Archive for hip imaging of our cohort to 
identify any dislocations that might have been missing from 
the patient records. Data was extracted and entered into pre-
specified data extraction sheets. Data for patients receiving 
surgery between 2003 and 2013 was extracted by MSS. Data 
for patients from the Capital Region of Copenhagen who 
received surgery between 2014 and 2019 was extracted by 
THL, while data on patients from the Zealand Region and the 
Southern Region of Denmark who received surgery between 
2014 and 2019 was extracted by AI. 

Outcome measures
We followed the patients from the day of surgery and until 

the first dislocation, death, revision of a bone-anchored com-
ponent, or April 16, 2022, whichever came first. The primary 
outcome was the cumulative incidence of dislocation 1-year 
following surgery for the overall cohort. Secondary outcomes 
included: (i) the cumulative incidence of dislocation within 1 
month, 3 months, 1 year, and 5 years both overall and stratified 
by type of articulation and MBR; (ii) patient survival within 
1 month, 3 months, 1 years, and 5 years overall and stratified 
by type of articulation and MBR, and (iii) the influence of age, 
sex, Karnofsky Performance Status (9), ASA score, type of 
articulation, and MBR on the cumulative influence of disloca-
tion or competing events. Competing events were defined as 
death or revision of a bone-anchored component.

Statistics
We calculated the cumulative incidence of dislocation using 
the Aalen–Johnson Estimator (competing risk analysis) with 
death and implant removal as competing risks. Results were 
reported as the point estimate with the 95% confidence inter-
val (CI). We defined dislocation as a displacement of the 
femoral head from the joint socket. We included only the first 
dislocation when calculating the cumulative incidence of dis-
location, after which we censored the patients. The cumulative 
incidence of dislocation was calculated for the entire cohort 
and stratified by type of articulating surface (regular THA, 
HA, CL, and DM) and by MBR. We restricted the analysis 
to the first surgery in the observation period for patients with 
bilateral surgery to avoid dependency issues (10). The dif-
ference between groups was assessed with Gray’s test. We 
analyzed the influence of age, sex, ASA score (1–2 vs. 3–4), 
Karnofsky Performance Status score (≥ 70 vs. < 70), MBR, 
and type of articulation on the risk of dislocation using cause-
specific Cox proportional hazards regression. We checked the 
proportional hazard assumption by evaluating the Schoenfeld 
residuals for each variable and found that the proportional 
hazard assumption was not violated. We calculated the overall 
survival and survival stratified by articulation type and MBR 
using the Kaplan–Meier estimate for cumulative survival. The 
difference between the survival curves stratified by articula-
tion type and MBR was evaluated with the log-rank test. R 
version 4.2 (R Foundation for Statistical Computing, Vienna, 
Austria) was used for the statistical analysis.

Ethics, registration, data sharing plan, funding, and 
disclosures
The Danish Patient Safety Authority (R-21041715) and the 
Data Protection Agency of the Capital Region of Copenhagen 
(P-2021-578) have approved this study. Data can be shared 
upon reasonable request. The study is funded from Rigshospi-
talet’s Forskningspulje, which has provided a grant covering 
the salary for 1 PhD student (AI). The authors declare no con-
flicts of interest. Completed disclosure forms for this article 
following the ICMJE template are available on the article 
page, doi: 10.2340/17453674.2023.10311
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Results
Patients
We identified 471 patients who received 489 primary HRs 
from January 1, 2003 until December 31, 2019 (Figure 1). 
Patient characteristics for the overall cohort and stratified 
by type of articulating surface are presented in Table 1 (see 
Appendix). We identified 223 (47%) males and 248 (53%) 
females with an average age of 66 years (SD 11) at the time 
of surgery. More than 50% of the surgeries were performed in 
2014–2019 while ≥ 75% were performed after 2009. The most 
frequent cancer types were breast cancer (27%), lung cancer 
(19%), and prostate cancer (16%). A majority of patients had 
disseminated disease, with 68% having both axial and appen-
dicular metastases and 46% with visceral metastases besides 
their bone metastases. The reason for surgery was a complete 
fracture for 75% of patients and an impending fracture for 
25% of the patients. 97% of surgeries were due to metastatic 
lesions in the proximal femur, while 2% were treated for meta-
static lesions in the acetabulum and 1% for combined lesions 
in both the acetabulum and the proximal femur. All surger-
ies were performed with a posterolateral approach and all 
implants were cemented. The choice of articulation stratified 

by year of surgery is presented in Figure 2. The patients were 
treated as follows: 
•	 Regular THA: 248 (53%) with predominantly a Lubinus 

cup (LINK; Link Orthopaedics UK, Edinburgh, Scotland) 
(n = 245, 99%) and either a 32-mm (n = 228, 92%) or a 
28-mm head (n = 20, 8%); 

•	 HA: 117 (25%) with a MultiPolar/Bipolar liner (Zimmer 
Biomet, Warsaw, IN, USA) and a 28-mm head (100%); 

•	 CL: 70 (15%). 47(67%) received a Lubinus cup with a safety 
ring (LINK), 21 (30%) received a Freedom cup (Zimmer 
Biomet), 1 received a Trident cup (Stryker, Kalamazoo, MI, 
USA), and 1 received a Trilogy cup (Zimmer Biomet); 

•	 DM: 36 (7%) received a dual mobility liner with an Avan-
tage cup (Zimmer Biomet).
 Major bone resection was performed in 296 (63%) patients, 

with an average resection length of 13 cm (range 6–27). 

Dislocation (Figure 3)
A detailed overview of the cumulative incidence of dislocation 
is presented in Table 2. 32 out of 471 patients experienced a dis-
location at any time point with a median time to dislocation of 
42 days (range 0–3.8 years). The overall 1-year cumulative inci-
dence of dislocation was estimated to 6.2% (CI 4.0–8.3). When 
stratified by type of articulation, the 1-year incidence was 6.9% 

Hip replacement performed for pathologic 
fracture or an impending pathologic 

fracture in 2003–2019
n = 581

Excluded (n = 110):
– revision surgery, 43
– surgery with partial pelvic
   replacement, 49
– second hip in bilateral surgery, 18 

Included in the study (n = 471):
– regular total hip arthroplasty, 248
– hemiarthroplasty, 117
– arthroplasty with constrained liner, 70
– arthroplasty with dual mobility liner, 36 

Figure 1. Flowchart of the study inclusion process.
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Figure 3. A. Overall cumulative incidence of dislocation. B. Cumulative incidence of dislocation-stratified articulation. C. Cumulative incidence of 
dislocation stratified by major bone resection.
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(CI 3.7–10) for regular THA, 6.8% (CI 2.3–11) for HA, 2.9% 
(CI 0.0–6.8) for CL, and 5.6% (CI 0.0–13) for DM. The differ-
ence between groups was not statistically significant for dislo-
cation (p = 0.5), while there was a statistically significant differ-
ence between groups for the incidence of competing events, i.e., 
the occurrence of death or revision of a bone-anchored compo-
nent prior to a dislocation (p = 0.04). The cumulative incidence 
was 5.7% (CI 2.3–9.2) for patients without MBR and 6.4% (CI 
3.6–9.2) for patients with MBR. The difference between groups 
was not statistically significant either for dislocation (p = 0.5) or 
for competing events (p = 0.07). 

We observed a steady, but statistically insignificant increase 
in the incidence of dislocation over time for patients who 
received a regular THA, from a 3-month incidence at 6.5% 
(CI 3.4–9.5) to a 5-year incidence at 8.1% (CI 4.7–12). In 
comparison, none of the patients with an HA who survived 
beyond 12 months dislocated, while none of the patients with 
CL or DM who survived beyond 3 months dislocated. Thus, 
the 5-year cumulative incidence for HA and CL/DM equaled 
the 1-year and 3-month incidences of dislocation respectively 
(Table 2).

Cause-specific Cox regression
Articulation type did not have a statistically significant influ-
ence on the incidence of dislocation in either a univariate 
or a multivariate cause-specific Cox regression (Table 3). 
In the multivariate analysis, male sex (HR 2.1, CI 1.0–4.4) 
and ASA Score 3–4 (HR 2.5, CI 1.1–5.6) had an adverse 
influence on the risk of dislocation. The univariate cause-
specific Cox regression showed that patients with HA had 
an increased risk of death or implant removal (HR 1.4, CI 
1.1–1.8). However, this finding did not remain significant 
after adjusting for covariates in the multivariate analysis (HR 
1.3, CI 0.99–1.6). 

Patient survival (Figure 4)
40 out of 471 patients were alive at the end of the study. The 
median postoperative survival was 6.5 months (range 0–196) 
(Table 1, see Appendix). A detailed overview of postopera-
tive survival stratified by type of articulation and MBR is 

Table 2. Cumulated incidence of dislocation (%)

Group	 No. at		  Dislocation
 Time point	 risk	 Events	 risk (95% CI)

Overall	
 0–30 days	 471	 9	 2.1 (0.8– 3.4)
 1–3 months	 400	 17	 5.5 (3.5–7.6)
 3–12 months	 306	 3	 6.2 (4.0–8.3)
 1–5 years	 165	 3	 6.8 (4.5–9.1)
Regular THA	
 0–30 days	 248	 6	 2.4 (0.5–4.3)
 1–3 months	 215	 10	 6.5 (3.4–9.5)
 3–12 months	 166	 1	 6.9 (3.7–10)
 1–5 years	 98	 3	 8.1 (4.7–12)
Hemiarthroplasty	
 0–30 days	 117	 3	 3.4 (0.1–6.7)
 1–3 months	 96	 3	 5.1 (1.1–9.1)
 3–12 months	 68	 2	 6.8 (2.3–11)
 1–5 years	 31	 0	 6.8 (2.3–11)
Constrained liner	
 0–30 days	 70	 0	 0.0 (0.0–0.0)
 1–3 months	 60	 2	 2.9 (0.0–6.8)
 3–12 months	 48	 0	 2.9 (0.0–6.8)
 1–5 years	 21	 0	 2.9 (0.0–6.8)
Dual mobility liner	
 0–30 days	 36	 0	 0.0 (0.0–0.0)
 1–3 months	 29	 2	 5.6 (0.0–13)
 3–12 months	 24	 0	 5.6 (0.0–13)
 1–5 years	 15	 0	 5.6 (0.0–13)
No resection	
 0–30 days	 174	 4	 2.3 (0.0–4.5)
 1–3 months	 143	 5	 5.2 (1.9–8.5)
 3–12 months	 106	 1	 5.7 (2.3–9.2)
 1–5 years	 55	 0	 5.7 (3.1–8.4)
Resection	
 0–30 days	 296	 5	 2.0 (0.4–3.6)
 1–3 months	 257	 12	 5.7 (3.1–8.4)
 3–12 months	 200	 2	 6.4 (3.6–9.2)
 1–5 years	 110	 3	 7.4 (4.4–10)
 

Table 3. Univariate and multivariate cause-
specific Cox regression

 Variable	 Hazard rate (CI)

Univariate
 Dislocation	
 	 Regular THA	 Ref.	
 	 Hemiarthroplasty	 0.95 (0.42–2.2)
 	 Constrained liner	 0.37 (0.09–1.6)
 	 Dual mobility liner	 0.68 (0.16–2.9)
 Competing event	
 	 Regular THA	 Ref.	
 	 Hemiarthroplasty	 1.4   (1.1–1.8)
 	 Constrained liner	 1.2   (0.91–1.6)
 	 Dual mobility liner	 0.91 (0.61–1.4)
Multivariate
 Dislocation	
 	 Regular THA	 Ref.	
 	 Hemiarthroplasty	 0.92 (0.40–2.1)
 	 Constrained liner	 0.30 (0.07–1.3)
 	 Dual mobility liner	 0.58 (0.13–2.5)
 	 No resection	 Ref.	
 	 Resection	 1.3   (0.61–2.8)
 	 Age	 1.0   (0.99–1.1)
 	 Female	 Ref.	
 	 Male	 2.2   (1.03–4.4)
 	 Karnofsky ≥ 70	 Ref.	
 	 Karnofsky < 70	 2.1   (1.00–4.4)
 	 ASA 1–2	 Ref.	
 	 ASA 3–4	 2.2   (0.97–5.1)
 Competing event	
 	 Regular THA	 Ref.	
 	 Hemiarthroplasty	 1.3   (0.99–1.6)
 	 Constrained liner	 1.2   (0.87–1.6)
 	 Dual mobility liner	 0.90 (0.60–1.4)
 	 No resection	 Ref.	
 	 Resection	 0.98 (0.79–1.2)
 	 Female	 Ref.	
 	 Male	 1.3   (1.1–1.6)
 	 Karnofsky ≥ 70	 Ref.	
 	 Karnofsky < 70	 2.2   (1.8–2.8)
 	 ASA 1–2	 Ref.	
 	 ASA 3–4	 1.5   (1.2–1.8)
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presented in Table 4. The 1-year survival probability for the 
entire cohort was 37% (CI 33–42). The 1-year survival prob-
ability stratified by articulation type was 43% (CI 37–49) for 
patients receiving a regular THA, 27% (CI 19–35) for patients 
receiving HA, 30% (CI 19–41) for patients receiving CL, and 

42% (CI 26–58) for patients receiving DM. The log-rank test 
revealed a significant difference between groups for the 1-year 
survival probability (χ2 = 13.9, p = 0.003). When stratifying 
by MBR, 1-year survival probability was 40% (CI 34–45) for 
patients with MBR and 33% (CI 26–40) for patients without 
MBR (χ2 = 4.4, p = 0.04).

Discussion

We investigated the postoperative cumulative incidence of 
dislocation after hip arthroplasty in 471 patients with MBD of 
the hip. Due to exclusion criteria, none of the patients had ace-
tabular defects that required pelvic reconstruction or received 
surgery for a failed endoprosthesis, which are known risk fac-
tors for dislocation (11,12). We found a 1-year cumulative inci-
dence of dislocation of 6.2% and a 5-year incidence of 6.8%. 
Our study showed equal results between HA and regular THA 
regarding the dislocation risk. 

The results from our study fall in line with previous results 
on incidence of dislocation following HR for primary or sec-
ondary neoplastic disorders. Previous studies have reported 
dislocation rates ranging from 0% to 20% for HA (4-6,11,13-
18) and 3.5% to 22% for THA (13-17,19-21). Most studies in 
this population report data on patients who have received HA. 
Studies that have included patients with both HA and THA 
have previously reported that THA conveys an increased risk 
of dislocation compared with HA (13-17). In contrast to previ-
ous studies, we did not find a difference in the incidence of 
dislocation between HA and THA. The discrepancy between 
our and previous results could be related to historic differ-
ences and the choice of THA. Previous studies comparing 
THA with HA included patients who received surgery in the 
period 1988–2003 (13-17), while all surgeries in our study 
were performed from 2003 onwards. It is known that smaller 
diameter femoral heads of 22/28 mm were more common in 
the 1990s and that these are associated with an increased risk 
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Figure 4. A. Overall survival. B. Survival stratified by articulation. C. Survival stratified by major bone resection.

Table 4. Survival (%)

Group	 No. at		  Survival
 Time point	 risk	 Events	  (95% CI)

Overall	
 0–30 days	 471	 59	 87 (84–90)
 1–3 months	 412	 89	 68 (64–73)
 3–12 months	 323	 148	 37 (33–42)
 1–5 years	 175	 121	 9 (6–12)
Regular THA	
 0–30 days	 248	 27	 89 (85–93)
 1–3 months	 221	 43	 72 (66–77)
 3–12 months	 178	 71	 43 (37–49)
 1–5 years	 107	 74	 12 (8–16)
Hemiarthroplasty	
 0–30 days	 117	 17	 86 (79–92)
 1–3 months	 100	 31	 58 (49–67)
 3–12 months	 69	 37	 27 (19–35)
 1–5 years	 32	 25	 5 (1–9)
Constrained liner	
 0–30 days	 70	 9	 86 (78–94)
 1–3 months	 61	 11	 71 (61–82)
 3–12 months	 50	 29	 30 (19–41)
 1–5 years	 21	 14	 7 (0–14)
Dual mobility liner	
 0–30 days	 36	 6	 83 (71–96)
 1–3 months	 30	 4	 72 (58–87)
 3–12 months	 26	 11	 42 (26–58)
 1–5 years	 15	 8	 NA	
No resection	
 0–30 days	 174	 25	 86 (80–91)
 1–3 months	 149	 37	 64 (57–72)
 3–12 months	 112	 55	 33 (26–40)
 1–5 years	 57	 43	 5 (1–9)
Resection	
 0–30 days	 296	 33	 89 (85–92)
 1–3 months	 263	 52	 71 (66–76)
 3–12 months	 211	 93	 40 (34–45)
 1–5 years	 118	 78	 11 (7–15)
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of dislocation compared with larger diameter femoral heads 
(22,23). In our study, 92% of the femoral heads for regular 
THA were 32 mm. Likewise, we almost exclusively used the 
Lubinus cup, which has been shown to be more stable (24). 
Patients who received HA in our institution had a higher pre-
operative morbidity, as discussed in the next section. Selection 
bias can therefore not be ruled out, as it is uncertain whether 
THA would have provided equivalent results in these patients.

The univariate cause-specific Cox regression showed that 
patients receiving HA had an increased risk of competing 
events (death or revision). However, this finding is most likely 
explained by selection bias towards HA for patients with a 
higher preoperative morbidity. This is substantiated by the 
multivariate cause-specific Cox regression, which showed that 
an ASA score of 3–4 and a poorer preoperative performance 
status (Karnofsky score < 70) both significantly increased the 
risk of competing events occurring prior to dislocation, while 
the effect of HA no longer remained statistically significant 
after adjusting for covariates.

Our study shows that CL and DM perform well in patients 
with MBD regarding the postoperative dislocation risk. We 
found a 5-year dislocation risk of 2.9% and 5.6% for CL and 
DM respectively, with no dislocations occurring in patients 
surviving beyond 3 months. Our findings are in accordance 
with previous literature on the use of CL and DM in onco-
logic patients. 1 study with 38 patients who received DM 
due to MBD found a 5.2% dislocation risk (3), while another 
study with 126 patients with periacetabular metastases treated 
with DM found a 2% dislocation risk (25). Similarly for CL, 
1 study with 33 oncologic patients undergoing HR with sub-
trochanteric femoral resection (26) and another study of 47 
patients with MBD and periacetabular destruction (27) both 
demonstrated a 0% dislocation risk. Although these results 
are encouraging, we suggest caution in a large-scale imple-
mentation in clinical practice. Compared with other surgical 
indications, there is a scarcity of data on the use of CL and 
DM in patients with MBD, with a general lack of prospective, 
randomized trials. Although our point estimate for the inci-
dence of dislocation compares favorably for CL and DM, it is 
important to mention that the confidence intervals for the risk 
estimates are overlapping with those for THA and HA (Table 
2). Our retrospective study is thus underpowered to draw any 
definite conclusions on the superiority or non-inferiority of 
specific articulations for the prevention of dislocation in this 
population.

The incidence of dislocation in patients with MBD treated 
with THA is on a level with that of patients with femoral neck 
fractures (FNF) treated with HA when the surgical approach is 
taken into consideration. All patients in our study were treated 
using a posterolateral approach. In FNF patients treated with 
HA using the posterolateral approach, the incidence of dislo-
cation is reported at 6.1–11.7% (28,29). Both populations have 
a high risk of dislocation and resemble each other in that FNF 
patients often have lower functional status and higher morbid-

ity compared with osteoarthritic patients (30). Patients with 
MBD furthermore often undergo reconstruction with MBR, 
which theoretically should put these patients at even higher 
risk than FNF patients. Despite this, our findings show that the 
dislocation risks are comparable between these populations, 
which indicates that the functional status and overall frailty of 
the patients are more important factors.

Strengths and limitations
The main strength of this study is the large and homogeneous 
sample. The majority of HRs in this study were performed 
in the past decade, which reflects recent improvements in 
implant design and the efficacy of current solutions in pre-
venting dislocations compared with previous studies. We thor-
oughly searched electronic patient records, physical patient 
records, and the national imaging database for dislocations in 
our cohort, which is why we are confident that we have iden-
tified all cases. However, this study also has several limita-
tions. First, this study is an observational study and includes 
all the limitations attributed to this study design. Second, 
treatment allocation was non-random and at the discretion of 
the operating surgeon, which introduces bias by indication. 
A majority of the implants until 2013 were regular THAs for 
our cohort, while this proportion dropped below 50% thereaf-
ter. This is consistent with a divergence toward HA, CL, and 
DM for patients with a higher preoperative morbidity or who 
were considered at a higher risk of instability a priori. This is 
supported by higher ASA scores and lower Karnofsky Per-
formance Status scores, and lower survival for HA and CL. 
This discrepancy likely would have been larger if the analysis 
was restricted to patients receiving surgery after 2012. Finally, 
interpretation of our results is limited by the sample size of 
our subgroups. Despite a large total sample size, our analysis 
stratified by prosthetic concept was underpowered to detect 
whether the difference between point estimates amounted 
to any real difference between groups. Further studies with 
larger sample sizes are needed to address this limitation.

Conclusion and future directions
The 1-year cumulative incidence of dislocation following HR 
due to MBD was 6.2% while the 1-year survival was 37%. 
Our study was underpowered to detect a statistically signifi-
cant difference in the incidence of dislocation among different 
types of articulating surfaces. Further studies are needed to 
determine any real benefits of specific articulations on the risk 
of postoperative dislocation in patients with MBD. 
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Table 1. Baseline characteristics. Values are count (%) unless otherwise specified
 

 		  Regular	 Hemi-	 Constrained	 Dual
Factor	 Overall	 THA	 arthroplasty	 liner	 mobility liner

No. of patients	 471	 248	 117	 70	 36
No. of primary surgeries	 489	 260	 121	 72	 36
 Unilateral surgery	 453	 236	 113	 68	 36
 Bilateral surgery	   18	   12	     4	   2	   0
Follow-up, median (range), months	     7 (0–196)	     8 (0–196)	     4 (0–76)	   6 (0–78)	   7 (0–41)
Female sex	 248 (53)	 140 (56)	   61 (52)	 28 (40)	 19 (53)
Age at surgery, mean (SD)	   66 (11)	   65 (11)	   68 (11)	 68 (11)	 68 (12)
Karnofsky score, median (range)	   70 (10–100)	   70 (10–100)	   70 (20–100)	 70 (30–100)	 80 (30–100)
 Score ≥ 70, n (%)	 309 (66)	 153 (62)	   79 (68)	 50 (71)	 27 (75)
 Missing data	     1	     1	     0	   0	   0
Most frequent cancers, %	  	  	  	  	  
 Breast 	   27	   30	   22	 21	 28
 Lung 	   19	   16	   23	 24	 17
 Prostate 	   16	   15	   18	 16	 17
 Renal	   10	   11	   12	   0	   0
 Head/neck	     0	     0	     0	   7	   0
 Unknown	     0	     0	     5	   0	   8
 Multiple myeloma	     6	     6	     0	   7	   8
 Other	   22	   22	   20	 254	 22
Appendicular and axial bone metastases, yes	 322 (68)	 169 (68)	   84 (72)	 45 (64)	 24 (67)	  
 No	 147 (31)	   78 (31)	   33 (28)	 24 (34)	 12 (33)
 Unknown	     2 (1)	     1 (1)	     0 (0)	   1 (2)	   0 (0)
Visceral metastases, yes	 218 (46)	 114 (46)	   58 (50)	 24 (34)	 22 (61)	  
 No	 237 (50)	 130 (52)	   55 (47)	 40 (57)	 12 (33)
 Unknown	   16 (4)	     4 (2)	     4 (3)	   6 (9)	   2 (6)
Pathologic fracture first sign of disease	 115 (24)	   70 (28)	   25 (21)	 13 (19)	   7 (20)
Years from diagnosis to surgery a, median (range)	  2.7 (0.1–38)	  2.7 (0.1–38)	  2.7 (0.1–22)	 2.1 (0.1–20)	 2.7 (0.1–34)
Fracture	  	  	  	  	  
 Complete	 353 (75)	 179 (72)	   96 (82)	 54 (77)	 24 (67)
 Impending	 118 (25)	   69 (28)	   21 (18)	 16 (23)	 12 (33)
Tumor location	  	  	  	  	  
 Left	 239 (51)	 128 (52)	   55 (47)	 39 (56)	 17 (47)
 Right	 232 (49)	 120 (48)	   62 (53)	 31 (44)	 19 (53)
 Proximal femur	 458 (97)	 241 (97)	 117 (100)	 64 (91)	 36 (100)
 Pelvis/acetabulum	   10 (2)	     6 (2)	     0 (0)	   4 (6)	   0 (0)
 Both proximal femur and pelvis/acetabulum	     3 (1)	     1 (1)	     0 (0)	   2 (3)	   0 (0)
ASA score					   
 1–2	 177 (38)	 116 (47)	 35 (31)	 22 (31)	   4 (11)
 3–4	 286 (62)	 129 (53)	 77 (69)	 48 (69)	 32 (89)
 Missing data	     8	     3	   5	   0	   0
Perioperative blood loss, L, mean (SD)	 0.93 (0.78)	 1.1 (0.92)	 0.55 (0.42)	 0.98 (0.52)	 0.95 (0.61)
 Missing data	     9	     4	    4	   1	   0
Major bone resection	 296 (63)	 166 (67)	  62 (53)	 42 (60)	 26 (72)
 Length (cm), mean (SD)	 13.3 (6.9)	 13.1 (6.7)	 13.0 (6.7)	 13.8 (7.6)	 14.3 (6.9)

a Only patients where pathologic fracture was not the first sign of disease.		
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