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Abstract
Aims  The effect of femoral head length on implant survival in total hip arthroplasty (THA) has been little studied so far. 
Longer heads may increase taper corrosion and reflect intraoperative complexity. This study evaluated factors associated 
with the use of extra-long heads (≥ XL) and their impact on implant survival.
Methods  We analyzed 562,001 primary THA from the German Arthroplasty Registry. Subgroup analyses were performed 
by hospital annual primary THA volume (≤ 250, 251–500, ≥ 501), surgical indication (primary osteoarthritis [OA] vs. femo-
ral neck fracture [FNF]), and fixation method (cemented vs. cementless). Logistic regression identified factors associated 
with ≥ XL head use, and implant survival was compared between head lengths using Kaplan–Meier analysis in both sub-
groups and the overall cohort.
Results  The use of ≥ XL femoral heads decreased with increasing hospital volume (5.4% low, 4.5% medium, 3.0% high; 
p < 0.001). Rates were higher in FNF than OA across all volumes (8.1% vs. 4.7% in low-volume hospitals; 5.0% vs. 2.7% 
in high-volume hospitals). Cemented fixation was independently associated with higher odds of ≥ XL head use (OR 1.14, 
95% CI 1.09–1.18, p < 0.001), with additional predictors including male sex (OR 2.13, 95% CI 2.06–2.19), BMI ≥ 40 (OR 
1.94, 95% CI 1.77–2.12), higher Elixhauser comorbidity score (OR 1.09, 95% CI 1.04–1.15), and surgery for FNF (OR 1.92, 
95% CI 1.83–2.02), while treatment at high-volume hospitals was associated with lower odds (OR 0.56, 95% CI 0.54–0.58). 
Kaplan–Meier analysis revealed higher cumulative revision rates with ≥ XL heads (7.2% vs. 4.5% at 9 years), consistent 
across all subgroups.
Conclusion  The use of femoral heads ≥ XL was independently associated with lower hospital THA volume, femoral neck 
fracture, cemented fixation, male sex, higher BMI, and greater comorbidity burden. Their implantation was also linked to 
higher revision rates, suggesting that ≥ XL heads may serve as a surrogate marker for increased revision risk after primary 
THA.
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Introduction

Total hip arthroplasty (THA) is being performed with 
increasing frequency and has undergone continuous 
advancements in recent years [1]. Except in cases of patho-
logical anatomy, the goal is to reproduce the patient’s anat-
omy, leg length, femoral offset, while providing stability, 
and increased range of motion [2, 3].

When the definitive implant is placed, fine-tuning of off-
set, muscle tension, and joint stability can be achieved by 
selecting different head lengths.

While the role of head diameter and the advantages of 
larger femoral heads, such as enhanced stability and greater 
range of motion, have been extensively studied [2, 4, 5], the 
literature on the impact of head length is scarce, particularly 
regarding its effect on implant survival.

Only few studies have examined the association between 
femoral head length and taper corrosion in THA; however, 
available evidence suggests that longer cobalt–chromium 
heads may increase fretting and corrosion at the head–neck 
taper junction, a phenomenon often referred to as ‘tapero-
sis’ or ‘trunnionosis,’ [6, 7] whereas this relationship has not 
been demonstrated for ceramic heads [8]. Such corrosion 
can lead to adverse local tissue reactions which can result in 
adverse local tissue reactions [9] and, ultimately, necessitate 
revision.

Although intraoperative adjustments in head length are 
commonly employed to optimize biomechanical param-
eters, the use of extra-long heads is generally avoided or 
reserved as a last resort because of their potential mechani-
cal disadvantages. Thus beyond their reported association 
with increased taper corrosion, extra-long femoral heads 
may also serve as a surrogate marker for challenging intra-
operative conditions, such as difficulties in achieving opti-
mal soft tissue tension or in restoring leg length [10]. As 
such, they could be indirectly associated with postoperative 
complications, especially tension-related such as disloca-
tion and periprosthetic femoral fractures [10].

In light of these considerations, this study aimed to 
determine whether established risk factors for postopera-
tive complications, such as low surgical volume [11–13], 
and surgical indication such as femoral neck fracture (FNF), 
which is often performed after hours [14] with less prepara-
tion time and without specialized staff [15] compared to pri-
mary osteoarthritis (OA), and implant fixation method, are 
associated with increased use of extra-long femoral heads 
(≥ XL).

We also aimed to assess whether femoral heads ≥ XL 
could serve as a surrogate marker for intraoperative com-
plexity and whether their use was associated with higher 
revision rates.

We hypothesized that: 1- Lower-volume centers, 
cemented implants and FNF would demonstrate greater 
use of extra-long femoral heads compared to high-volume 
centers, cementless implants and primary OA, respectively. 
Finally, we hypothesized that the use of extra-long femoral 
heads would be associated with lower implant-survival.

Material and method

Data collection

Data were obtained from the German Arthroplasty Registry 
(Endoprothesenregister Deutschland [EPRD]), The EPRD 
is one of the largest arthroplasty registries worldwide. Reg-
istry coverage increased progressively after its establish-
ment, rising from 4.7% of all hip and knee arthroplasties in 
Germany in 2013 to 35.7% in 2015 and 64.1% in 2017, and 
reaching approximately 78% in 2023. Data are currently 
contributed by 765 hospitals across the country [16]. The 
EPRD collects data from three sources: participating hos-
pitals (surgical and patient data), prosthesis manufacturers 
(implant details), and health insurance funds (revision sur-
geries, survival, and complications) [16].

Endpoints

The primary endpoint was the frequency of ≥ XL femoral 
head use according to hospital volume, surgical indication, 
and fixation method.

The secondary endpoint was implant survival, compar-
ing ≥ XL heads with XS–S–M–L heads.

Study population

The study included patients who underwent primary THA 
between 01.11.2012, and 30.09.2023. Patients with missing 
perioperative data, revision hip arthroplasty, or hemiarthro-
plasty were excluded from the analysis.

A total of 562,001 primary THA cases met the inclusion 
criteria and were included in the study. Patient demograph-
ics are summarized in Table 1.

The study cohort was divided into two groups based on 
femoral head length: ≥XL heads and XS–S–M–L heads.

To assess how surgical volume influences the use of ≥ XL 
femoral heads, we used the number of THA procedures per-
formed annually at each hospital as reported in the hospitals’ 
2022 quality reports, together with the corresponding primary 
hip arthroplasty quality indicators from IQTIG (Institute for 
Quality Assurance and Transparency in Healthcare) listed 
therein. While no universally accepted definition of high- and 
low-volume centers exists [13, 17], we stratified hospitals into 
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three categories based on annual primary elective THA vol-
ume: ≤250, 251–500, and ≥ 501 THA procedures per year, 
consistent with prior registry-based studies [18]. Comparison 
of patient demographics by annual hospital THA volume are 
summarized in Table 2.

To minimize confounding from anatomical abnormalities 
that may necessitate the use of extra-long femoral heads, 
we isolated a cohort of patients who underwent THA for 
primary OA. This group was identified using ICD-10 codes 
M16.0 and M16.1, while excluding codes M16.2–M16.9 to 
avoid cases involving dysplastic, post-traumatic, or other 
secondary forms of coxarthrosis, where altered anatomy or 
increased surgical complexity may independently justify the 
use of XL components.

To contrast this with a non-elective clinical context in 
which preoperative planning is more limited, we performed 
a parallel subgroup analysis in patients undergoing THA for 
FNF (ICD-10 codes S72.00 to S72.08) (Table 3).

To assess the influence of implant fixation technique, 
we compared the use of ≥ XL heads between cemented 
and cementless implants, as well as across all subgroups; 
Because cemented stems may require preparation with a 
larger rasp to create an adequate cement mantle, whereas 
uncemented stems typically correspond closely to the final 
rasp size [19], we hypothesized that cemented fixation may 
be associated with increased use of extra-long heads. Patient 
demographics are summarized in Table 4.

Mortality was defined as all-cause death occurring at any 
time during the follow-up period, as recorded in the EPRD.

Table 1  Patient demographics
Variable Total: 

N = 562,0011
≥ XL: 
N = 26,1861

XS-S-M–L: 
N = 535,8151

p-value2

Sex < 0.001
Female 356,108 

(63%)
12,147 
(46%)

343,961 
(64%)

Male 205,893 
(37%)

14,039 
(54%)

191,854 
(36%)

Age 70 (62, 78) 69 (61, 77) 70 (62, 78) < 0.001
Body mass 
Index

27.4 (24.4, 
31.1)

28.0 (24.9, 
32.2)

27.4 (24.4, 
31.1)

< 0.001

Underweight 
(< 18.5)

4,504 (0.8%) 185 (0.7%) 4,319 (0.8%)

Normal 
(18.5–24.99)

123,458 
(22%)

4,845 (19%) 118,613 
(22%)

Pre-obese 
(25–29.99)

162,551 
(29%)

7,307 (28%) 155,244 
(29%)

Obese 1 
(30.0–34.99]

88,979 
(16%)

4,448 (17%) 84,531 (16%)

Obese 2 
[35.0–39.99]

31,690 
(5.6%)

1,877 
(7.2%)

29,813 
(5.6%)

Obese 3 [ ≥ 
40)

12,814 
(2.3%)

927 (3.5%) 11,887 
(2.2%)

Weighted 
Elixhauser 
score

0.0 (0.0, 3.0) 0.0 (0.0, 
5.0)

0.0 (0.0, 3.0) < 0.001

( < 0) 82,164 
(15%)

3,987 (15%) 78,177 (15%)

(0–3) 344,828 
(61%)

14,979 
(57%)

329,849 
(62%)

(≥ 4) 135,009 
(24%)

7,220 (28%) 127,789 
(24%)

Mortality 52,265 
(9.3%)

3,126 (12%) 49,139 
(9.2%)

< 0.001

1n (%); Median (Q1, Q3)
2Pearson’s Chi-squared test; Wilcoxon rank sum test

Table 2  Comparison of patient demographics by annual hospital THA volume (≤ 250, 251–500, ≥ 501)
Variable ≤ 250 251–500 ≥ 501

≥ XL
N = 15,5161

XS-S-M–L
N = 272,3311

p-value2 ≥ XL
N = 5,4481

XS-S-M–L
N = 115,3451

p-value2 ≥ XL
N = 4,1391

XS-S-M–L
N = 134,0261

p-value2

Sex < 0.001 < 0.001 < 0.001
Female 7,363 (47%) 175,165 

(64%)
2,548 (47%) 74,124 (64%) 1,751 (42%) 85,671 (64%)

Male 8,153 (53%) 97,166 (36%) 2,900 (53%) 41,221 (36%) 2,388 (58%) 48,355 (36%)
Age 70 (61, 78) 72 (63, 78) < 0.001 68 (60, 76) 70 (61, 77) < 0.001 67 (59, 75) 69 (60, 76) < 0.001
BMI 27.9

(24.8, 32.1)
27.4
(24.4, 31.1)

< 0.001 28.4
(25.3, 32.4)

27.5
(24.5, 31.2)

< 0.001 28.0
(25.0, 32.1)

27.3
(24.2, 30.9)

< 0.001

Weighted 
Elixhauser 
score

0.0 (0.0, 5.0) 0.0 (0.0, 5.0) < 0.001 0.0 (0.0, 3.0) 0.0 (0.0, 3.0) 0.260 0.0 (0.0, 1.0) 0.0 (0.0, 1.0) 0.457

Mortality 2,203 (14%) 30,182 (11%) < 0.001 452 (8.3%) 9,073 (7.9%) 0.249 304 (7.3%) 8,091 (6.0%) 0.001
BMI Body mass index
*Hospital volume data were unavailable for 1,083 patients in the ≥ XL group and 14,113 patients in the XS–S–M–L group; these cases were 
excluded from this analysis.
1n (%); Median (Q1, Q3)
2Pearson’s Chi-squared test; Wilcoxon rank sum test
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indication and fixation. Differences between survival curves 
were assessed using the log-rank test. All statistical analy-
ses were performed using R version 4.4.2 (R Foundation for 
Statistical Computing), and a p-value < 0.05 was considered 
statistically significant.

Results

When stratified by hospital volume, the use of ≥ XL femo-
ral heads demonstrated a statistically significant decreasing 
trend with increasing institutional volume. In low-volume 
hospitals, 5.4% of implants were ≥ XL, compared with 4.5% 
in medium-volume centers and 3.0% in high-volume hos-
pitals (p < 0.001). The detailed distribution of ≥ XL versus 
XS–S–M–L heads across hospital volumes is presented in 
Table 5.

The use of ≥ XL femoral heads varied significantly by 
both surgical indication and hospital volume. Usage was 
consistently higher in lower-volume hospitals (p < 0.001), 
and ≥ XL heads were more frequently used in patients with 
FNF compared with those with primary OA (8.1% vs. 4.7% 
in low-volume hospitals). This difference persisted in high-
volume hospitals, where ≥ XL head use remained higher 
for FNF than for OA (5.0% vs. 2.7%, respectively). The 
detailed distribution of head lengths across hospital volume 

Ethics

The EPRD is approved by the Review Board of the Uni-
versity of Kiel (D 473/11), and this study was conducted in 
accordance with the Declaration of Helsinki.

Statistical analysis

Continuous variables are presented as median and interquar-
tile range (Q1, Q3), while categorical variables are reported 
as absolute frequencies and percentages. Group compari-
sons between femoral head length categories (≥ XL vs. XS–
S–M–L) were performed using Pearson’s chi-square test for 
categorical variables and the Wilcoxon rank-sum test for 
continuous variables. Subgroup analyses were conducted 
across strata of hospital THA volume, surgical indication, 
and implant fixation as defined above.

We performed univariate and multivariable logistic 
regression analyses to identify factors associated with ≥ XL 
head use. The multivariable model included surgical indi-
cation, fixation method, hospital surgical volume, sex, age, 
body mass index, and Elixhauser comorbidity score. Results 
are presented as odds ratios (OR) with 95% confidence 
intervals (CI).

Cumulative revision rates were estimated using the 
Kaplan–Meier method with 95% log-log confidence 
intervals and stratified by head length, hospital volume, 

Table 3  Patient demographics of the subgroups, 1- femoral neck fracture and primary osteoarthritis
Variable Femoral neck fracture Primary osteoarthritis

≥ XL
N = 2,4601

XS-S-M–L
N = 28,9431

p-value2 ≥ XL
N = 17,5481

XS-S-M–L
N = 399,9071

p-value2

Sex < 0.001 < 0.001
Male
Female

1,151 (47%)
1,309 (53%)

8,441 (29%)
20,502 (71%)

9,689 (55%)
7,859 (45%)

145,232 (36%)
254,675 (64%)

Age 75 (67, 81) 76 (68, 82) < 0.001 70 (62, 77) 71 (63, 78) < 0.001
Body Mass Index 25.1 (22.9, 27.9) 24.6 (22.2, 27.4) < 0.001 28.7 (25.5, 32.7) 27.7 (24.7, 31.3) < 0.001
Weighted Elixhauser score 5 (0, 10) 3 (0, 8) < 0.001 0.0 (0.0, 3.0) 0.0 (0.0, 3.0) 0.005
Mortality 767 (31%) 8,159 (28%) 0.002 1,574 (9.0%) 31,058 (7.8%) < 0.001
1n (%); Median (Q1, Q3)
2Pearson’s Chi-squared test; Wilcoxon rank sum test

Table 4  Comparison of patient demographics by implant fixation
Variable Cemented Cementless

≥ XL N = 4,8241 XS-S-M–L N = 110,5881 p-value2 ≥ XL N = 20,1141 XS-S-M–L N = 413,7331 p-value2

Sex < 0.001 < 0.001
Female 2,700 (56%) 84,656 (77%) 8,604 (43%) 250,415 (61%)
Male 2,124 (44%) 25,932 (23%) 11,510 (57%) 163,318 (39%)
Age 79 (74, 82) 79 (75, 83) < 0.001 66 (58, 73) 67 (60, 74) < 0.001
Body mass Index 26.6 (23.9, 30.4) 26.1 (23.5, 29.4) < 0.001 28.4 (25.3, 32.7) 27.7 (24.7, 31.4) < 0.001
Weighted Elixhauser score 3.0 (0.0, 7.0) 0.0 (0.0, 5.0) < 0.001 0.0 (0.0, 3.0) 0.0 (0.0, 2.0) < 0.001
Mortality 1,098 (23%) 19,131 (17%) < 0.001 1,658 (8.2%) 27,226 (6.6%) < 0.001
1n (%); Median (Q1, Q3)
2Pearson’s Chi-squared test; Wilcoxon rank sum test
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fixation was independently associated with slightly higher 
odds compared with cementless fixation (OR = 1.14, 95% CI 
1.09–1.18, p < 0.001). Importantly, hospital volume showed 
a strong inverse association, with procedures performed at 
centers conducting ≥ 501 THAs annually exhibiting lower 
odds of ≥ XL head use compared with low-volume hospitals 
(OR = 0.56, 95% CI 0.54–0.58, p < 0.001) (Table 8).

Kaplan–Meier estimates demonstrated significantly 
higher revision rates for patients receiving ≥ XL femoral 
heads compared with those receiving XS–S–M–L heads 
across all primary THAs. At 1 year, the cumulative inci-
dence of revision was 4.4% in the ≥ XL group compared to 
2.8% in the XS–S–M–L group. At 9 years, the cumulative 
incidence reached 7.2% in the ≥ XL group versus 4.5% in 
the XS–S–M–L group (Fig. 1).

Kaplan–Meier estimates showed that within both FNF 
and primary OA groups, patients receiving ≥ XL heads had 
higher cumulative revision rates compared to those with 
XS–S–M–L heads. However, the revision rate in the ≥ XL 
primary OA group remained lower than that observed in the 
XS–S–M–L fracture group (Fig. 2).

In the XS–S–M–L group, the cumulative revision rate 
increased as hospital volume decreased, rising from 2.1% 
to 3.2% at 1 year and from 3.8% to 5.1% at 9 years for the 
highest- versus lowest-volume hospitals, respectively. For 
≥ XL heads, low-volume hospitals also had higher cumula-
tive revision rates than high-volume centers (4.9% vs. 3.7% 
at 1 year and 7.8% vs. 6.5% at 9 years), while hospitals per-
forming 251–500 procedures had the lowest rates overall 
(3.5% at 1 year and 6.0% at 9 years) (Fig. 3).

Across the follow-up period, ≥ XL heads demonstrated 
higher cumulative revision rates than XS–S–M–L heads, 
regardless of fixation method. For ≥ XL heads, rates 
increased from 4.4% at 1 year to 7.9% at 9 years in the 
cemented group and from 4.4% to 7.0% in the cementless 
group, with only small differences between fixation meth-
ods. In contrast, the XS–S–M–L group showed lower over-
all revision rates, ranging from 2.6% to 4.5% for cemented 
fixation and from 2.8% to 4.6% for cementless fixation over 
the same period (Fig. 4).

The distribution of revision causes was similar in both 
groups: infection (≥ XL 23.3% vs. XS–S–M–L 22.2%), 
missing data (32.5% vs. 31.1%), dislocation (10.5% vs. 
10.6%), periprosthetic fracture (10.5% vs. 11.6%), and stem 
loosening (6.0% vs. 6.2%).

Discussion

The primary finding of this study is that the use of femoral 
heads ≥ XL was independently associated with lower hospi-
tal primary THA volume, FNF, and, to a lesser extent, with 

categories within each indication subgroup is presented in 
Table 6.

In terms of implant fixation, implantation of ≥ XL fem-
oral heads was significantly higher for cementless stems 
compared with cemented stems in medium-volume (4.8% 
vs. 3.1%) and high-volume hospitals (3.1% vs. 2.3%, 
p < 0.001), whereas rates were similar between fixation 
types in low-volume hospitals (5.2% vs. 5.1%). (Table 7)

In multivariate analysis, several factors were indepen-
dently associated with increased odds of using a femoral 
head size ≥ XL. Male sex (OR = 2.13, 95% CI 2.06–2.19, 
p < 0.001), higher BMI categories, particularly BMI ≥ 40 
(OR = 1.94, 95% CI 1.77–2.12, p < 0.001), higher Elixhauser 
comorbidity scores (≥ 4; OR = 1.09, 95% CI 1.04–1.15, 
p < 0.001), and surgery performed for FNF (OR = 1.92, 95% 
CI 1.83–2.02, p < 0.001) were all associated with greater 
likelihood of using ≥ XL heads.

Although unadjusted analyses showed variation in ≥ XL 
head use according to fixation type and hospital volume, 
multivariable adjustment demonstrated that cemented 

Table 5  Distribution of femoral head lengths by hospital surgical vol-
ume
Variable 0–250 251–500 ≥ 501 p-value2

≥ XL, N = 26,1861* 15,516 
(5.4%)

5,448 
(4.5%)

4,139 
(3.0%)

< 0.001

XS-S-M–L, 
N = 535,8151*

272,331 
(94.6%)

115,345 
(95.5%)

134,026 
(97.0%)

*Hospital volume data were unavailable for 1,083 patients in the ≥ XL 
group and 14,113 patients in the XS–S–M–L group; these cases were 
excluded from this analysis.
1n (%); Median (Q1, Q3)
2Pearson’s Chi-squared test; Wilcoxon rank sum test

Table 6  Use of ≥ XL femoral heads by surgical indication and hospital 
volume
Indication Hospital 

volume
XL Heads (N, 
%)

Total (N) p-value

Femoral Neck 
Fracture

≤ 250 2,076 (8.1%) 25,483 < 0.001
251–500 202 (6.2%) 3,260
≥ 501 75 (5.0%) 1,512

Primary hip 
osteoarthritis

≤ 250 9,762 (4.7%) 207,296 < 0.001
251–500 4,142 (4.5%) 91,494
≥ 501 2,894 (2.7%) 107,794

Table 7  Variation in ≥ XL femoral head use across fixation methods 
and hospital volumes
Implant 
fixation

Hospital 
volume

XL Heads (N, 
%)

Total (N) p-value

Cemented ≤ 250 3,277 (5.1%) 62,881 < 0.001
251–500 703 (3.1%) 22,501
≥ 501 636 (2.3%) 27,500

Cementless ≤ 250 11,324 (5.2%) 217,293 < 0.001
251–500 4,528 (4.8%) 94,602
≥ 501 3,430 (3.1%) 109,708
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Our findings align with this evidence, showing that ≥ XL 
heads are more frequently used in low-volume compared 
with high-volume hospitals likely reflecting a greater need 
for last-resort intraoperative adjustments to optimize factors 
such as stability. To limit potential bias from patient selec-
tion and complex cases, we performed a subgroup analysis 
restricted to primary OA. This confirmed that the association 

cemented fixation. Furthermore, implantation of ≥ XL heads 
was associated with higher cumulative revision rates, pre-
dominantly driven by early revision.

Prior studies have demonstrated that high surgical vol-
ume is linked to a lower risk of complications and improved 
outcomes [12, 20], likely reflecting differences in infra-
structure, experience, and standardization of care processes. 

Table 8  Predictors of ≥ XL femoral head use in primary THA: univariable and multivariable logistic regression
Characteristic Univariate Multivariante

OR1 95% CI1 p-value OR1 95% CI1 p-value
Sex
Female – – – –
Male 2.07 2.02, 2.12 < 0.001 2.13 2.06, 2.19 < 0.001
Age 0.99 0.99, 0.99 < 0.001 0.99 0.99, 1.00 < 0.001
BMI
Normal (18.5–24.99) – – – –
Underweight (< 18.5) 1.05 0.90, 1.21 0.5 0.94 0.77, 1.13 0.5
Pre-obese (25–29.99) 1.15 1.11, 1.20 < 0.001 1.11 1.06, 1.16 < 0.001
Obese 1 (30.0–34.99] 1.29 1.24, 1.34 < 0.001 1.27 1.21, 1.34 < 0.001
Obese 2 [35.0–39.99] 1.54 1.46, 1.63 < 0.001 1.57 1.46, 1.67 < 0.001
Obese 3 [ ≥ 40) 1.91 1.77, 2.05 < 0.001 1.94 1.77, 2.12 < 0.001
Elixhauser score
( < 0) – – – –
(0–3) 0.89 0.86, 0.92 < 0.001 0.99 0.95, 1.04 0.8
(≥ 4) 1.11 1.06, 1.15 < 0.001 1.09 1.04, 1.15 < 0.001
Surgical indication
Primary hip osteoarthritis – – – –
Fracture 1.94 1.85, 2.02 < 0.001 1.92 1.83, 2.02 < 0.001
Implant fixation
cementless – – – –
Cemented 1.02 0.99, 1.05 0.13 1.14 1.09, 1.18 < 0.001
Annual Hospital THA volume
≤ 250 – – – –
251–500 0.83 0.80, 0.86 < 0.001 0.95 0.91, 0.98 0.004
≥ 501 0.54 0.52, 0.56 < 0.001 0.56 0.54, 0.58 < 0.001
BMI Body mass index

Fig. 1  Kaplan–Meier estimates of 
cumulative revision rates for pri-
mary total hip arthroplasty, com-
paring patients receiving ≥ XL 
femoral heads with those receiv-
ing XS–S–M–L heads. Numerical 
values are presented as estimates 
with 95% confidence intervals 
(CI) at 1 month, and at 1, 5, and 
9 years
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preoperative planning is limited and more extensive soft-
tissue dissection may be required [21], potentially neces-
sitating additional intraoperative adjustments such as ≥ XL 
heads to optimize joint stability.

These results may be partly explained by the trauma 
setting, where arthroplasties for FNF are performed by 
either general orthopedic surgeons or fellowship-trained 

between hospital volume and ≥ XL head use persisted, with 
rates of 4.7% in low-volume hospitals compared to 2.7% in 
high-volume hospitals.

Multivariable logistic regression revealed that FNF was 
independently associated with the use of ≥ XL heads. The 
higher use of extra-long heads in FNF cases likely reflects 
the urgent nature of these procedures, where comprehensive 

Fig. 3  Kaplan–Meier estimates of cumulative revision rates in patients 
undergoing primary total hip arthroplasty, stratified by annual hospital 
volume category (≤ 250, 251–500, and ≥ 501 THA per year) and femo-

ral head length (≥ XL vs. XS–S–M–L). Estimates are shown with 95% 
confidence intervals

 

Fig. 2  Kaplan–Meier estimates of cumulative revision rates in patients 
undergoing primary total hip arthroplasty, comparing those with femo-
ral neck fractures and those with primary osteoarthritis, stratified by 

head length (≥ XL vs. XS–S–M–L). Estimates are shown with 95% 
confidence intervals. FNF femoral neck fracture, OA osteoarthritis
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Furthermore the same risk factors linked to revision, 
including male sex [27], higher BMI [28, 29], and greater 
comorbidity burden [30, 31] as measured by the Elixhauser 
score, were also associated with the use of ≥ XL femoral 
heads, suggesting that XL head implantation may serve as a 
surrogate marker of higher procedural complexity and revi-
sion risk rather than a direct cause.

Our survival analysis demonstrated that ≥ XL femoral 
heads were associated with significantly higher cumulative 
revision rates compared with XS–S–M–L heads, with a 57% 
relative increase at 1 year (4.4% vs. 2.8%), and a persistent 
gap at 9 years (7.2% vs. 4.5%). This trend was consistent 
across subgroups. Notably, patients with FNF receiving ≥ 
XL heads experienced the highest revision rates, reaching 
12.3% at 9 years. This could be explained by FNF as an 
indication per se, which is a well-established risk factor for 
revision, as demonstrated by Zhao et al., who reported sig-
nificantly higher 10-year cumulative incidences of all-cause 
revision (7.1% vs. 4.9%), in THA performed for FNF com-
pared with OA [21].

With respect to the gradual late increase in revisions 
observed in the fracture subgroup, we emphasize that the 
following considerations represent our hypothesis. FNF 
patients are typically older and more fragile and may pres-
ent with greater baseline instability and compromised soft 
tissues at the time of implantation. Over time, progressive 
functional decline, persistent bone fragility, and increased 
susceptibility to infection in this comorbid population may 
contribute to cumulative late failures. The continued diver-
gence at longer follow-up therefore likely reflects the intrin-
sic risk trajectory of this vulnerable subgroup rather than 
a specific long-term disadvantage attributable to the ≥ XL 
head.

Furthermore, in accordance with existing literature 
[11], the revision risk was also influenced by hospital vol-
ume, with low-volume centers showing higher cumulative 

arthroplasty specialists. Given that fellowship-trained sur-
geons have been shown to achieve more favorable discharge 
outcomes [22] and lower complication rates, especially 
with respect to dislocation [23], the higher reliance on 
‘last-resort’ intraoperative solutions, such as extra-long 
heads, may reflect the practice of non-specialists aiming to 
optimize soft-tissue stability once the prosthesis has been 
implanted.

Lastly, FNF patients often present with pre-existing mus-
cle weakness or atrophy, which compromises soft-tissue 
tension and increases their risk of postoperative dislocation, 
potentially prompting surgeons to favor the intraoperative 
use of longer heads to enhance joint stability [21, 24].

Although descriptive data analysis suggested that cement-
less stems were more frequently implanted with XL heads 
in medium- and high-volume hospitals, multivariate analy-
sis demonstrated that cemented fixation was independently 
associated with increased odds of ≥ XL head use, albeit of 
modest magnitude (OR 1.14). This apparent discrepancy 
likely reflects case-mix differences, as cemented stems are 
more often selected for older, comorbid, or fracture patients.

After adjusting for confounders, the higher proportion of 
≥ XL heads in cemented implants may be related to differ-
ences in the final implantation process. While differences 
between the final position of uncemented femoral stems and 
the last trial rasps have been investigated in few studies, to 
the best of the authors’ knowledge, no comparable studies 
exist for cemented arthroplasty [19, 25, 26]. Hofstaedter 
et al. [19] reported an average stem protrusion of 2.6 mm 
(range − 1.5–7.5 mm), with uncemented stems generally sit-
ting more proud than the rasp due to the stem’s coating. This 
finding is in line with our results and may partly explain 
the lower need for extra-long heads observed in cementless 
implants. Moreover these findings may reflect stem design, 
as some cemented systems lack high-offset options, leading 
surgeons to use longer heads to restore offset and leg length.

Fig. 4  Kaplan–Meier estimates 
of cumulative revision rates in 
patients undergoing primary 
total hip arthroplasty, stratified 
by femoral head length (≥ XL vs. 
XS–S–M–L) and fixation method 
(cemented vs. cementless). 
Estimates are shown with 95% 
confidence intervals
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although subgroup and multivariable analyses adjusted for 
sex, age, BMI, Elixhauser score, hospital volume, fixation 
type, and surgical indication, residual confounding remains 
possible. Nonetheless, the EPRD captures a broad range of 
comorbidities, which helps reduce bias. Moreover, we did 
not perform a separate analysis stratified by femoral head 
material (ceramic vs. metal), which may influence implant 
survival. However, as this was not conducted for either ≥ XL 
or XS–S–M–L head groups, any potential effect is expected 
to be evenly distributed and unlikely to bias the compara-
tive results. Fourth, similar to findings in total knee arthro-
plasty where thicker polyethylene inserts were associated 
with higher revision rates but were interpreted as surrogate 
markers of intraoperative complexity rather than causative 
factors, we acknowledge that different manufacturers define 
“XL” femoral heads differently (length, collar design), 
which may introduce heterogeneity [34]. However, the 
objective of our study is not to imply that “XL” heads intrin-
sically increase revision risk, but rather to suggest that their 
use may serve as a marker of case complexity and provide 
an additional clinical indicator when evaluating patients 
postoperatively. Lastly, hospital volume was defined based 
on previously published analyses of the EPRD [18]. How-
ever, the threshold of 250 procedures per year reflects insti-
tutional volume rather than individual surgeon volume, 
which may introduce bias. Furthermore, 250 procedures per 
year already represents a relatively high procedural volume 
and may therefore distinguish high- from very-high-volume 
institutions rather than low- from medium-volume centers.

Conclusion

The use of femoral heads ≥ XL was independently associ-
ated with lower hospital THA volume, FNF, cemented fixa-
tion, male sex, higher BMI, and greater comorbidity burden. 
Furthermore, implantation of ≥ XL heads was associated 
with increased revision rates. Rather than representing a 
causal factor, ≥XL head use appears to serve as a surrogate 
marker for elevated revision risk.
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revision rates for both head size categories compared to 
high-volume centers (7.8% vs. 6.5% at 9 years for ≥ XL 
heads). However, the use of ≥ XL heads remained a stronger 
predictor of revision than hospital volume alone, as revision 
rates for ≥ XL heads exceeded those for XS–S–M–L heads 
across all hospital volume categories.

Lastly, this study revealed that cemented ≥ XL heads were 
more likely to be revised compared with cementless ≥ XL 
heads in the late follow-up period (7.9% vs. 7.0% at nine 
years).

This association may partly reflect selection bias and 
unmeasured confounders, including intraoperative deci-
sions to cement in higher-risk, fragile, osteoporotic patients. 
Supporting this interpretation, in a 1:1 propensity-matched 
analysis Moore et al. reported higher rates of infection, 
aseptic loosening, and aseptic revision in patients > 65 
years treated with cemented THA compared with cement-
less fixation [32]. However, in contrast, Rocha et al. found 
no significant difference in implant survival among patients 
> 70 years when comparing cemented and cementless fixa-
tion [33].

Interestingly, the distribution of revision causes, particu-
larly infection and dislocation, was similar between ≥ XL 
and XS–S–M–L head groups.

Furthermore, closer inspection of the Kaplan–Meier 
curves indicates that the increased revision rate associated 
with ≥ XL heads is predominantly driven by early postop-
erative failures, followed by only a limited relative increase 
over time. No specific cause of revision was disproportion-
ately associated with ≥ XL heads, suggesting that the excess 
risk more likely reflects technical complexity at the time 
of index surgery, for which ≥ XL head use may serve as a 
surrogate marker, rather than an inherent implant-related 
disadvantage. In situations where achieving adequate sta-
bility or restoring offset proves challenging, surgeons may 
resort to longer head lengths as a compensatory strategy. 
The increased early revision rate may therefore reflect the 
complexity of the index procedure and associated operative 
demands rather than a progressive mechanical effect of head 
length itself.

This study has several limitations inherent to its retro-
spective, registry-based design. First, the analysis is depen-
dent on the accuracy and completeness of registry data and 
is therefore susceptible to misclassification, for example in 
ICD-10 coding, as well as potential underreporting. As par-
ticipation in the EPRD is voluntary, contributing centers may 
represent those with greater rigor in data entry. Second, the 
registry does not provide information on preoperative plan-
ning, surgeon experience, intraoperative stability testing, 
or the rationale for selecting ≥ XL heads, which limits the 
ability to establish causal relationships. Subgroup analyses 
were performed to partially mitigate this limitation. Third, 
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