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Abstract
Background  The management of femoral neck fractures (FNF) in elderly patients depends on comorbidities, pre-
fracture mobility, any hip joint disease, and life expectancy, with treatment typically involving either hemiarthroplasty 
(HA) or total hip arthroplasty (THA). While cemented femoral stem fixation is standard, there is no clear consensus 
regarding cemented versus cementless cup fixation in THA. This study aimed to compare revision and mortality rates 
between THA, divided into cemented and cementless cup fixation, and HA, following FNF.

Methods  Data from the German Arthroplasty Registry (EPRD) were analyzed, including all patients with fracture-
related THA or HA and available follow-up. A total of 34,501 patients undergoing THA (27,757 cementless, 6,744 
cemented cups) and 72,022 patients with HA were included. 5-year revision and mortality rates were compared.

Results  The 5-year revision rate was the lowest in the HA group (4.1%), followed by cemented cup THA (5.0%), and 
cementless cup THA (6.8%; p < 0.001). Dislocation, infection, and periprosthetic fracture were the leading causes of 
revision. The 5-year mortality rate was the lowest in cementless cup THA patients (23%), 43% in cemented cup THA 
patients and highest in HA patients (54%). Cementless fixation was associated with a higher revision risk (HR 1.28, 95% 
CI 1.14–1.44), while HA was associated with increased mortality (HR 1.26, 95% CI 1.22–1.31).

Conclusion  Cemented cup fixation in THA after FNF is associated with lower revision rates but higher mortality 
compared to cementless fixation. In patients with limited life expectancy, HA remains the preferred option.

Keywords  Hip fracture, Cemented cup, Cementless cup, Fracture total hip arthroplasty, German arthroplasty registry 
(EPRD)

Cemented versus cementless cup fixation 
in total hip arthroplasty for proximal femoral 
fractures: analysis of revision and mortality 
rates from the German arthroplasty registry 
(EPRD)
Clemens Roitzsch1* , Cecilia Rogmark2, Yinan Wu3, Alexander Grimberg3, Jörg Lützner1 and Anne Postler1

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1186/s13018-025-06281-2
http://orcid.org/0000-0003-0798-8333
http://crossmark.crossref.org/dialog/?doi=10.1186/s13018-025-06281-2&domain=pdf&date_stamp=2025-10-2


Page 2 of 7Roitzsch et al. Journal of Orthopaedic Surgery and Research          (2025) 20:873 

Background
Hip fractures represent a major global health burden, 
particularly among the elderly, leading to high mortality 
and impaired quality of life and activities of daily living 
[1, 2]. Hip fractures are generally classified into two main 
categories: FNF and intertrochanteric fractures, each 
accounting for approximately 50%.

Intertrochanteric fractures are typically treated with 
closed reduction and intramedullary nailing [3, 4]. Dis-
placed FNFs are managed with either joint replacement, 
generally favored as HA and THA in older adults with 
significantly decreased risk of reoperation and a better 
long-term hip function [5–7] or internal fixation, espe-
cially for younger patients. The decision to perform a 
THA or HA usually depends on patient-specific factors, 
including age and life expectancy, comorbidities, pre-
operative mobility and any preexisting symptomatic hip 
osteoarthritis (OA). Cementation of the femoral stem is 
very well investigated for elective hip arthroplasty. Based 
on international registries, multiple studies recommend 
cemented stem fixation for patients above 65–80 years, 
depending on the defined age cutoff, in elective THA as 
it reduces the risk of periprosthetic fracture and revision, 
while having no significant impact on mortality [8–11]. 
In patients with FNF one can expect poor bone qual-
ity regardless of age [12] and consequently, cemented 
femoral stem fixation is widely accepted as the preferred 
approach in THA and HA after FNFs, leading to lower 
risk of reoperation, lower pain and better mobility, but 
no increased mortality beyond the first postoperative 
days [13–16]. Whether non-cemented cups will carry an 
increased risk of periprosthetic acetabular or pelvic frac-
ture is not known due to limited available evidence.

The optimal method of cup fixation in fracture THA 
remains controversial. Therefore, this study aimed to 
compare THA with cemented and cementless cup fixa-
tion, as well as HA, for the treatment for FNFs and to 
analyze their association on revision and mortality rates 
using data from the German Arthroplasty Registry 
(EPRD).

Methods
Study design
Data for this prospective observational cohort study were 
collected from the EPRD between November 1, 2012, 
and March 30, 2024. The STROBE guidelines were fol-
lowed [17].

Setting
The EPRD covers primary and revision arthroplasty 
surgeries for hip and knee. In collaboration of the Ger-
man Society for Orthopaedics and Orthopaedic Surgery 
(DGOOC), the German Medical Technology Association 
(BVMed), the statutory health insurance funds (AOK 

Bundesverband GbR, Verband der Ersatzkassen e.V 
vdek), and more than 700 participating hospitals, over 
2.5  million and approximately 70% of all hip and knee 
arthroplasties performed in Germany are gathered in this 
registry [18]. Data on revisions are recorded not only by 
hospitals but also by health insurance companies, ensur-
ing near-complete follow-up. Besides elective proce-
dures, emergency surgeries for the treatment of FNFs are 
also recorded in the EPRD.

Patients
In this study, all patients registered in the EPRD under 
follow-up after receiving THA or HA for FNFs were 
included. Exclusion criteria were THA for other indica-
tion, such as OA, tumor or acetabular fracture.

Variables and outcome measures
The registry provided patient characteristics such as age, 
sex, Body-Mass-Index (BMI) and Elixhauser Score [19]. 
The Elixhauser Score is a comorbidity index, calculated 
by patient’s diagnosis using the German version of the 
10th International Classification of Diseases (ICD-10). 
Primary endpoints of the 3 groups (THA with cemented 
cup fixation, THA with cementless cup fixation, HA) 
were revision surgery and death. Reasons for early revi-
sion after 3 months, as well as revision and mortality 
rates after 5 and 10 years were analyzed. Revision reasons 
included infection, loosening and osteolysis (cup and or 
stem), periprosthetic fracture, dislocation, malalignment 
or others. The registry does not specify which implant 
components were revised or whether periprosthetic frac-
tures occurred in the femur or acetabulum.

Study size
Depending on patient’s age and comorbidities, either a 
HA or a THA is performed.

A total of 110,523 patients were included: 72,022 
received HA, while 34,501 underwent THA (27,757 with 
a cementless cup and 6,744 with a cemented cup).

Statistics
Statistical analysis was performed using R statistical 
software (Version R-4.2.0., Vienna, Austria). Descrip-
tive statistics were calculated for the cemented and 
cementless cup fixation in THA as well as HA group. 
Continuous variables were reported as medians with 
interquartile ranges, while categorical variables were 
summarized as frequencies and percentages. Group 
comparisons for continuous data were conducted using 
the Kruskal-Wallis rank sum test, and categorical data 
were analyzed using the Chi-square test. Cumulative 
incidences rate with 95% log-log confidence interval for 
the endpoints of arthroplasty revision and patient mor-
tality with 8-year follow-up were determined using the 
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Kaplan–Meier estimator. To examine the impact of vari-
ous patient characteristics and type of surgery on revi-
sion and mortality outcomes, Hazard Ratios (HRs) were 
calculated using multivariate Cox regressions analyses. 
The covariates included age at the time of the first sur-
gery, sex, BMI, the Elixhauser Comorbidity Score at the 
time of the first surgery, annual numbers of elective hip 
surgery by hospital. A p-value threshold of 0.05 was con-
sidered indicative of statistical significance.

Results
Female patients predominated in all 3 groups. Median 
age in the HA group was 85 years, 81 for cemented and 
74 for the cementless cup group (Table 1).

Revision rates
At the 5-year follow-up, HA had the lowest revision rate 
(2,988/72,022, 4.1%), whereas THA with a cementless 
cup exhibited the highest revision rate (1,887/27,757, 
6.8%). THA with cemented cup fixation showed an inter-
mediate revision rate of 5% (336/6,744). Most common 
were dislocation, infection and periprosthetic fracture, 
with comparable rates for dislocation and infection in all 
3 groups, while fracture rates were twice as high in the 
cementless compared to the cemented and HA group 
(14% vs 7% and 7.9%) (Table 2). In over 30% of cases, the 
reason for revision was unknown. No cases of isolated 
cup revision were recorded.

Cementless cup fixation had consistently the highest 
revision rates (Fig.  1). Cementless cups were associated 
with an increased risk of revision compared to cemented 
cups (HR 1.28, 95% CI 1.14–1.44, p < 0.001) (Table  3). 
Higher revision rates were also found for male gender 
(HR 1.17, 95% CI 1.1–1.24, p < 0.001), higher Elixhauser 
Score (HR 1.15, 95% CI 1.13–1.16, p < 0.001) and higher 
BMI, with the risk increasing exponentially with higher 
BMI (BMI 30–35  kg/m2 HR 1.24, 95% CI 1.11–1.37 vs 
BMI > 40 kg/m2 HR 2.43, 95% CI 1.86–3.18, p < 0.001).

Mortality rates
Mortality rates after 5 years were highest in the HA 
group (39,085/72,022, 54%), followed by cemented cup 
fixation THA (2,878/6,744, 43%), while the lowest rate 
was observed in cementless cup THA (6,294/27,757, 
23%,) (p < 0.001). The survival analysis showed consis-
tently lower mortality in the cementless THA group 
(Fig.  2). Cox regression analysis showed higher mortal-
ity for HA (HR 1.26, 95% CI 1.22–1.31, p < 0.001), male 
gender (HR 1.73, 95% CI 1.7–1.77, p < 0.001), higher age 
(HR 1.05, 95% CI 1.05–1.05, p < 0.001), higher Elixhauser 
Score (HR 1.15, 95% CI 1.14–1.15, p < 0.001), and under-
weight (HR 1.53, 95% CI 1.46–1.6, p < 0.001) (Table  4). 
Overweight and mild obesity up to a BMI < 40 kg/m2 had 
a positive effect on survival. Cementless cup fixation was 
associated with lower mortality (HR 0.67, 95% CI 0.64–
0.7, p < 0,001).

Discussion
This study analyzed 5-year revision and mortality rate fol-
lowing cemented or cementless cup fixation in THA and 
HA for FNFs, using data from the EPRD. Cemented cup 
fixation was associated with lower revision rates com-
pared to cementless cups but was also linked to higher 

Table 1  Patient characteristics
Characteristic Ce-

mented 
N = 67441

Cementless 
N = 27,7571

Hemi 
N = 72,0221

Age 81 (75, 85) 74 (67, 80) 85 (80, 89)
Sex
Female 4995 

(74%)
18,853 
(68%)

51,434 
(71%)

Male 1749 
(26%)

8904 (32%) 20,588 
(29%)

BMI
Underweight[< 18.5 kg/m2] 261 (3.9%) 923 (3.3%) 3052 (4.2%)
Normal[18.5–24.99 kg/m2] 2648 

(39%)
11,220 
(40%)

30,878 
(43%)

Pre-obese[25.0–29.99 kg/m2] 1662 
(25%)

7639 (28%) 18,205 
(25%)

Obese 1[30.0–34.99 kg/m2] 398 (5.9%) 2097 (7.6%) 4474 (6.2%)
Obese 2[35.0–39.99 kg/m2] 72 (1.1%) 441 (1.6%) 786 (1.1%)
Obese 3[> = 40 kg/m2] 31 (0.5%) 136 (0.5%) 214 (0.3%)
Missing 1672 

(25%)
5301 (19%) 14,413 

(20%)
Elixhauser score 3 (1, 4) 2(1, 3) 3(2, 4)
1Median (Q1, Q3); n (%)

Table 2  All-time reasons for revision
Characteristic Cemented 

N = 3441
Cementless 
N = 19091

Hemi 
N = 30051

Reason
Component failure 1 (0.3%) 7 (0.4%) 9 (0.3%)
Dislocation 72 (21%) 350 (18%) 555 (18%)
Infection 68 (20%) 326 (17%) 796 (27%)
Loosening (Cup and stem) 3 (0.9%) 10 (0.5%) 6 (0.2%)
Loosening (Cup) 14 (4.1%) 98 (5.1%) 13 (0.4%)
Loosening (Stem) 13 (3.8%) 86 (4.5%) 48 (1.6%)
Malalignment 2 (0.6%) 40 (2.1%) 23 (0.8%)
Missing 130 (38%) 603 (32%) 1088 

(36%)
Other reasons 17 (5%) 110 (5.7%) 220 

(7.4%)
Periprosthetic fracture 24 (7.0%) 276 (14%) 236 

(7.9%)
Progression of arthrosis 0 (0%) 0 (0%) 7 (0.2%)
Wear 0 (0%) 3 (0.2%) 4 (0.1%)
1n (%)
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mortality. In contrast, HA exhibited the lowest revision 
rates while having the highest mortality rates.

To the best of the author’s knowledge, this is the first 
large-scale study to compare long-term revision and 
mortality rates for cemented and cementless cup fixation 
in THA following FNFs.

The lower revision and increased mortality rates 
observed in HA patients are most likely attributable to a 
selection bias, where older individuals with higher bur-
den of comorbidities are chosen for HA treatment. This 
can both result in reduced mobility and thereby lesser 
risk of acetabulum erosion and a reluctancy to perform 
revision surgery when a complication develops. HA is a 
less complex surgical procedure than THA with shorter 
operation time, reduced blood loss and lower disloca-
tion rates [20]. A meta-analysis comparing THA and HA 
following FNF reported a better function and quality of 

life after THA, along with a reduced risk for revision, 
while overall mortality remained comparable. However, 
the subanalysis in this study of patients over 80 years 
showed no difference in 1-year mortality, hip function, 
pain and reoperation rate between the 2 groups [21]. In 
this context, increased mortality rates in HA patients in 
this study may be partly explained by their high median 
age of 85 years, the 5- year follow up period and the fact 
that HA is often chosen for frail patients with significant 
comorbidities.

Regarding cup fixation, most research focuses on pri-
mary THA for OA. Due to a lower risk of revision for 
any reason regardless of age, cemented cup fixation, 
described as more reliable beyond the first postopera-
tive decade [22] and considered as gold standard [23], is 
preferred.

An analysis of national hip arthroplasty registries from 
7 countries with revision as endpoint showed a reduced 
revision risk for cemented (cup and stem) versus cement-
less THA across all countries involved in the study. Addi-
tionally, fully cemented fixation outperformed hybrid 
fixation (cementless cup and cemented stem) in all but 
one country [10].

These findings align with our study, demonstrating 
lower revision rates for cemented cup fixation com-
pared to cementless cup fixation, although our cohort 
exclusively included fracture THA. The available litera-
ture regarding specific causes of revision following cup 
cementation in FNF remains limited. We found dislo-
cation, infection, and periprosthetic fracture to be the 
most common reasons for revision. Notably, cementless 
cup fixation was associated with a 2-fold higher rate of 
fractures compared to cemented cups and HA. Consis-
tent with our findings, the studies included in a 2011 
meta-analysis did not reveal any significant differences in 
rates of dislocation or infection between cemented and 
cementless cup fixation [24]. However, it is important to 

Table 3  Cox regression analysis for revision risk
Characteristic HR1 95% CI1 p-value
Group
THA cemented cup (reference) – –
THA cementless cup 1.28 1.14, 1.44  < 0.001
HA 0.89 0.80, 1.00 0.052
Sex
Female (reference) – –
Male 1.17 1.10, 1.24  < 0.001
Age per year 0.99 0.98, 0.99  < 0.001
Elixhauser Score per 1 1.15 1.13, 1.16  < 0.001
BMI
Normal[18.5–24.99 kg/m2] (reference) – –
Underweight[< 18.5 kg/m2] 0.95 0.82, 1.12 0.6
Pre-obese[25.0–29.99 kg/m2] 1.04 0.97, 1.12 0.2
Obese 1[30.0–34.99 kg/m2] 1.24 1.11, 1.37  < 0.001
Obese 2[35.0–39.99 kg/m2] 1.66 1.38, 2.00  < 0.001
Obese 3[> = 40 kg/m2] 2.43 1.86, 3.18  < 0.001
1HR = Hazard ratio; CI = Confidence interval

Fig. 1  Kaplan–Meier survival analysis for revision rate over time for HA (hemi), cemented and cementless cup fixation
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acknowledge that most available studies either did not 
report specific revision causes or defined aseptic loosen-
ing as the primary endpoint. Furthermore, these studies 
investigated cemented cup fixation in the setting of pri-
mary THA for OA, not fracture-related THA. In contrast, 
patients in our cohort undergoing THA for FNF were 
older, more comorbid as indicated by a higher Elixhauser 
Score, and likely had inferior bone quality compared to 
patients undergoing primary THA for OA. Consequently, 
FNF patients are at increased risk for periprosthetic frac-
tures. In contrast to cup cementation, stem fixation in 
FNF is more thoroughly investigated. Cemented stems 

have been shown to reliably reduce the risk of peripros-
thetic fractures and are recommended by international 
guidelines in the context of fracture THA [13, 14]. A 
recently published multicenter randomized controlled 
trial comparing cemented and cementless stems in HA 
for FNF demonstrated significantly improved qual-
ity of life and a reduced risk for periprosthetic fracture 
for cemented stem fixation after 12 months follow up in 
uncemented versus cemented HA for periprosthetic frac-
ture [25]. Apart from periprosthetic fractures, contralat-
eral refractures also play an important role in geriatric 
patients. Risk factors include osteoporosis, advanced age, 
and female sex [26].

Besides, none of the mentioned studies investigated 
mortality differences between cemented and cement-
less cup fixation. In a large matched cohort study of 
170.000 patients with cemented or cementless primary 
THA due to OA and 860.000 population-based controls, 
a subanalysis of hybrid THA indicated that cemented 
femoral components were associated with an increased 
early mortality, while cemented cups with a cementless 
femur were not linked to higher mortality. The authors 
concluded that cementing the femoral component is 
more dangerous than acetabular, most likely because of 
the higher risk of bone cement implantation syndrome 
(BCIS) [27]. A prospective multicenter study from Den-
mark showed significantly less inhouse complications 
and pulmonary embolisms after cementless versus hybrid 
and cemented primary THA in elderly patients but no 
difference in mortality after 30 days [8]. BCIS is a well-
recognized complication of cemented THA, potentially 
leading to embolisms and increased early mortality but 

Table 4  Cox regression analysis for mortality
Characteristic HR1 95% CI1 p-value
Group
THA cemented cup (reference) – –
THA cementless cup 0.67 0.64, 0.70  < 0.001
HA 1.26 1.22, 1.31  < 0.001
Sex
Female (reference) – —
Male 1.73 1.70, 1.77  < 0.001
Age per year 1.05 1.05, 1.05  < 0.001
Elixhauser Score per 1 1.15 1.14, 1.15  < 0.001
BMI
Normal[18.5–24.99 kg/m2] (reference) – –
Underweight[< 18.5 kg/m2] 1.53 1.46, 1.60  < 0.001
Pre-obese[25.0–29.99 kg/m2] 0.82 0.80, 0.84  < 0.001
Obese 1[30.0–34.99 kg/m2] 0.73 0.70, 0.76  < 0.001
Obese 2[35.0–39.99 kg/m2] 0.78 0.72, 0.86  < 0.001
Obese 3[> = 40 kg/m2] 1.01 0.86, 1.18  > 0.9
1HR = Hazard ratio; CI = Confidence interval

Fig. 2  Kaplan–Meier survival analysis for mortality rates over time for HA (hemi), cemented and cementless cup fixation
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more frequently associated with cemented femoral fixa-
tion than with cemented acetabular components [28]. In 
this study, cementless cup fixation was associated with a 
significantly lower mortality compared to cemented fixa-
tion technique. Given that the cemented group was, on 
average, 8 years older and had a higher Elixhauser Score, 
this finding may be influenced by selection bias. We fail 
to see how cementless instead of cemented cup fixation 
should be the solely reason for the observed reduction in 
early as well as long-term mortality. However, mortality 
rates in FNF patients are reported to be high with 18% 
after 90 days, so comparison between elective arthro-
plasty and arthroplasty following FNF regarding mortal-
ity is complicated [29]. Importantly, several studies have 
demonstrated that geriatric co-management can posi-
tively influence outcomes in patients with hip fractures 
and reduce mortality and adverse effects [30–32].

Some limitations need to be noted. In general, registry-
based studies lack detailed information about the patients 
included. That is why the concrete decision-making 
process for the revision and the operative treatment 
were unknown. Patient´s comorbidities and life expec-
tancy are the main factors for decision making between 
HA, cemented and cementless THA, so this consti-
tutes a source for potential selection bias. Moreover, 
only comorbidities and risk factors documented in the 
EPRD were included in the adjustment and cox regres-
sion analysis. However, these do not necessarily reflect all 
existing and clinically relevant comorbid conditions. Fur-
thermore, the reason for revision was not documented in 
over 30% of cases, which may affect the accuracy of our 
findings. Additionally, only revision and mortality rates 
were analyzed, neither addressing confounders such as 
type of implants nor peri- and postoperative complica-
tions that did not lead to revision. Furthermore, outcome 
parameters like function, satisfaction or ambulation are 
not entered into the registry, but play a role in the clinical 
shared-decision making. Another important limitation 
is that only the cup fixation method was assessed, but it 
is unknown if the femoral component was cementless or 
cemented. Finally, while the German Arthroplasty Regis-
try (EPRD) covers approximately 70% of all arthroplasties 
performed in Germany, it remains a voluntary registry, 
meaning not all THA and HA procedures were included. 
Nonetheless, we consider the large sample size to ensure 
that our findings are broadly representative.

Conclusion
For patients with hip fractures, cemented cup fixation in 
THA should be considered due to its lower revision rates 
compared to uncemented fixation. Additional studies are 
needed to refine recommendations for cup fixation in 
fracture-related THA, considering both revision risk and 
overall survival outcomes. The difference in mortality 

between treatment options may to a certain extent be 
explained by selection bias.

HA was associated with the lowest revision rate and 
remains an appropriate choice for frail elderly patients.
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