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Abstract
Purpose Lateralized stems in primary cementless total hip arthroplasty (THA) showed to be associated with aseptic femoral 
loosening. However, femoral head length also affects femoral offset but was not considered so far. This study analyzed the 
impact of high femoral offset (hFO) combinations, formed by lateralized stems or large femoral head lengths, on aseptic 
femoral component loosening.
Methods Retrospective cohort study was performed including all patients that underwent primary cementless THA at our 
institution between July 2004 and December 2016. Patients were screened for aseptic femoral component loosening and 
grouped in aseptic loosening (AL) and non-aseptic loosening (nAL) group. Medical records were screened; implant details 
were noted and classified in hFO and standard femoral offset (sFO) combinations. Supposed risk factors for aseptic loosening 
were analyzed.
Results Two thousand four hundred fifty-nine THA could be included, containing 14 THA (0.6%) with aseptic femoral 
component loosening. The AL group contained 11 hFO combinations (78.6%), whereas in the nAL group, 1315 hFO 
combinations (53.8%) were used. Subgroup analysis showed significant difference between two groups for hFO combinations 
(p = 0.014), age (p = 0.002), NSAR (p = 0.001), and bilateral THA on same day (p = 0.001). The multiple logistic 
regression analysis showed that hFO combination was the only variable for increased probability of aseptic loosening 
(OR, 3.7; p = 0.04).
Conclusion High femoral offset combinations, formed by lateralized stems or large femoral head lengths in our collective of 
standard straight stems implanted by an anterior approach, show a 3.7-fold increased probability for aseptic femoral component 
loosening. Adjustment of the postoperative protocol may be considered in these cases to ensure proper stem ingrowth.
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Introduction

In total hip arthroplasty (THA), restoration of patients’ 
native global offset is beneficial regarding patient-reported 
outcomes and implant survival [1–4]. While an increased 
offset bears the risk of increased postoperative lateral hip 
pain, a reduced offset potentially results in alteration of the 
gait cycle, increased joint reaction forces, and THA insta-
bility [5–9]. The native global offset can vary essentially 

between individuals, wherefore in cases with high native 
offsets, lateralized implants may be needed for appropriate 
restoration of their anatomy [7, 10–13]. However, as high 
femoral offset stems showed to be associated with increased 
micro motion on the implant-bone interface, there exist con-
cerns about the use of lateralized femoral implants due to 
increased reported rates of aseptic loosening compared to 
non-lateralized standard stems [12, 14–16]. Besides the 
use of a lateralized stem design, the use of a larger femoral 
head length affects femoral offset likewise. We observed in 
cementless THA from different manufacturers that combina-
tion of standard femoral stems and femoral head lengths of 
the size “large” or “extra-large” shows equivalent or larger 
femoral offset than the combination of a lateralized stem and 
a femoral head length of the size “small.” Previous studies 
on cementless THA focused only on lateralized stems as a 
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risk factor for aseptic loosening, not considering the femo-
ral head lengths [14, 15]. Therefore, a retrospective cohort 
study was performed including all patients that underwent 
primary cementless THA using an anterior approach from 
July 2004 to December 2016 at our institution. Femoral 
offset combinations were determined, and patients grouped 
regarding the event of aseptic femoral component loosening. 
Furthermore, patients were screened for other supposed risk 
factors for aseptic loosening (i.e., non-steroidal antirheumat-
ics (NSAR), age, nicotine) [15, 17–19]. We hypothesize that 
patients in whom an implant combination with high femoral 
offset was used show higher revision rates for aseptic loos-
ening than patients with a combination of standard femoral 
offset.

Materials and methods

A retrospective cohort study was performed. All patients that 
underwent primary cementless THA by an anterior approach 
between July 2004 and December 2016 at our institution 
were identified. Cementless THA and the use of the anterior 
approach are the standard for primary THA at our institution 
since the start of the inclusion period. The anterior approach 
is used whenever appropriate, and a different approach is 
only applied in case of reasonable doubts. In case of con-
cerns of the respective bone quality, as in clear Dorr type 
C femurs, we consider the possibility of a cemented THA. 
Only adult patients (i.e., ≥ 18 years) and patients referred to 
a postoperative standard protocol were included. The stand-
ard protocol allowed immediate postoperative full weight 
bearing with free range of motion but using crutches for 
two weeks and avoidance of external rotation in extension 
for three months. In all cases, two-dimensional THA plan-
ning on standardized antero-posterior pelvic radiographs, 
with 15° of internal rotation of the lower extremity, was per-
formed. Position of the acetabular component was planned 
to the acetabular fossa, and patient’s native global offset was 
reconstructed using the respective femoral stem and head 
length. In case of severe deformity or inability of correct 
internal rotation of the affected lower extremity, the healthy 
contralateral side was used for reference of offset restoration. 
Regarding the implants of different manufacturers, combina-
tions of standard femoral stems and femoral head lengths of 
the size “large” or “extra-large” show equivalent or larger 
femoral offset than the combination of a lateralized stem of 
the same size and a femoral head length of the size “small.” 
This can be observed for the following implants, which have 
been used in our institution during the inclusion period: 
Quadra-H stem and AMIStem (Medacta, Castel San Pietro, 
Switzerland), M/L Taper stem (Zimmer, Warsaw, IN, USA), 
and Accolade stem (Stryker, Mahwah, NJ, USA) (Fig. 1). 
Regarding head lengths, for Quadra-H stem, AMIStem, and 

the M/L Taper stem, a head length small corresponded to a 
size − 3.5 mm, “medium” to 0 mm, large to + 3.5 mm, and 
extra-large to + 7 mm. Regarding the Accolade stem, the 
head length small corresponded to a size − 4 mm, medium 
to 0 mm, large to + 4 mm, and extra-large to + 8 mm. All 
of the used implants correspond to standard straight stem 
designs. Therefore, only THA using these types of implants 
were included. A flow chart of the inclusion is visualized 
in Fig. 2. Implant combinations using a lateralized stem 
and/or a femoral head length of the size large or extra-large 
were handled as high femoral offset (hFO) combinations, 
whereas implant combinations using a standard stem and 
a femoral head length of the size small or medium were 
handled as standard femoral offset (sFO) combinations. 
Individual implant combinations were chosen following the 
preoperative standardized THA planning. All patients were 
screened for the event of revision for aseptic femoral com-
ponent loosening, between July 2004 and December 2022, 
and accordingly grouped in an aseptic loosening (AL) group 
and a non-aseptic loosening (nAL) group. Aseptic loosen-
ing was diagnosed using clinical examination, conventional 
radiographs (Fig. 3), and eventually magnetic resonance 
imaging. In all cases, the loose femoral component was con-
firmed intraoperatively by loose extraction of the implant. 
Postoperative offset restoration and early stem subsidence 
at three months postoperatively were controlled in the AL 
group. Besides noting the implant details, medical records 
were screened for postoperative NSAR, age, and nicotine 
abuse, presenting other assumed risk factors for aseptic loos-
ening [15, 17–19]. Furthermore, details were noted for THA 
indication (primary osteoarthritis or other reason), gender, 
side, height, weight, and bilateral THA on the same day. 
Preoperative Dorr classification was evaluated in all patients.

The local ethical committee approved this study.

Statistical analysis

Descriptive data for categorical variables were summarized 
with frequencies, while continuous parameters were 
described by averages, ranges, and standard deviations. 
Comparisons among categorical data (gender, diagnosis, 
side, lateral stem, NSAR) were evaluated using 
Pearson’s chi-squared test. All continuous parameters 
(age, BMI) were tested with the Kolmogorov-Smirnov 
test for normality, and a two-tailed unpaired t test was 
then used to compare this data between patients with 
and without aseptic loosening of the femoral stem. A 
univariable logistic regression analysis was performed 
to identify independent risk factors for stem loosening. 
All independent risk factors were thereafter analyzed via 
multivariate logistic regression analysis, and regression 
coefficients and odds ratios (OR) were calculated. A paired 
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t test was performed to evaluate potential differences of 
preoperative and postoperative femoral offset in the AL 
group. All the statistical analyses were performed using 
SPSS version 23 software (SPSS Inc., Chicago, IL).

Results

A total of 2459 THA in 2114 patients (1052 women and 
1193 left sides) could be included, containing 14 THA 
(0.6%) with aseptic femoral component loosening in 12 
patients (Table 1). In the AL group, revision surgery for 
aseptic femoral component loosening was performed 
in mean after 48 ± 22 months (range 17 to 84 months). 
Overall, mean age was 63.8 ± 12.7 years (range 18 to 
92 years) and mean body mass index (BMI) was 26.8 ± 
5.2 kg/m2 (range 13.2 to 58.5 kg/m2). Two thousand forty 
Quadra-H stems (Medacta, Castel San Pietro, Switzerland), 
241 AMIStems (Medacta, Castel San Pietro, Switzerland), 
120 Accolade stems (Stryker, Mahwah, NJ, USA), and 
58 M/L Taper stems (Zimmer, Warsaw, IN, USA) were 
used. The AL group contained ten (0.5%) Quadra-H stems 
(Medacta, Castel San Pietro, Switzerland), two (0.8%) 
AMIStems (Medacta, Castel San Pietro, Switzerland), 
one (0.8%) Accolade stem (Stryker, Mahwah, NJ, USA), 

and one (1.7%) M/L Taper stem (Zimmer, Warsaw, IN, 
USA). A total of 1326 hFO combinations were used. In the 
AL group, hFO combinations were used in 78.6% of THA 
(11/14), whereas in the nAL group, hFO combinations 
were used in 53.8% of THA (1315/2445). Control for the 
offset restoration in the AL group showed no significant 
changes of offset with a mean postoperative deviation 
of − 0.4 ± 1.0 mm (range − 2 to 2 mm). Control for 
early stem subsidence in the AL group at three months 
postoperatively showed no significant changes with a 
mean stem subsidence of 0.5 ± 0.5 mm (range 0 to 1 mm). 
The subgroup analysis showed statistically significant 
differences between the two groups for hFO combinations 
(p = 0.014), age (p = 0.002), NSAR (p = 0.001), and 
bilateral THA on same day (p = 0.001). An overview of 
the subgroup analysis is given in Table 2. The multiple 
logistic regression analysis showed age (OR, 0.93; 95% 
CI, 0.869–0.968; p = 0.001) and NSAR (OR, 0.03; 95% 
CI, 0.01–0.1; p < 0.001) to be associated with decreased 
odds for femoral component loosening, whereas the use 
of a hFO combination showed to be associated with 
increased odds for aseptic loosening (OR, 3.7; 95% CI, 
1.01–13.8; p = 0.04). All other analyzed factors showed 
not to be independent risk factors for aseptic loosening in 
the multiple logistic regression analysis.

Fig. 1  Equivalent or higher 
femoral offset (turquoise) in 
standard stems (red) using 
femoral head lengths of the  
size large (L) compared to 
lateralized stems (green)  
using femoral head lengths of 
the size small (S), shown for 
Quadra-H stem and AMIStem 
(Medacta, Castel San Pietro, 
Switzerland), M/L Taper stem 
(Zimmer, Warsaw, IN, USA), 
and Accolade stem (Stryker, 
Mahwah, NJ, USA). Std,  
standard; Lat, lateral
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Discussion

The most important finding of the present study was that 
the use of a hFO combination, formed either by lateralized 
stems or standard stems combined with femoral head 
lengths of the size large or extra-large, was associated 
with increased odds for aseptic femoral component 
loosening. Therefore, the hypothesis of this study could 
be confirmed. Increased risk for aseptic femoral component 
loosening in lateralized stems has already been described 
in the literature. In a cohort of 807 primary cementless 
THA, including 280 lateralized stems, Cantin et al. [14] 
showed significant increased risk for aseptic loosening in 
lateralized stems. They identified five cases with aseptic 
femoral component loosening in their cohort, all in patients 
with lateralized stems. However, femoral head lengths 
were not considered in their study; grouping in regards 
of femoral offset was only performed by femoral stem 
design. Another study by Courtin et al. [15] investigated 
the occurrence of symptomatic radiological changes in 
lateralized femoral stems, likewise not considering femoral 
head length. In their cohort of 172 cases with lateralized 
stems in primary cementless THA, they identified a 

revision rate for aseptic loosening of 4.1% at mid-term 
follow-up and therefore higher than compared to previous 
literature with revision rates between 1.3 and 2.7% [20], 
and also as the reported overall revision rate of 0.6% in 
our study. So far, the increased rates of aseptic loosening 
in lateralized implants are explained by the accelerated 
torsional stress and micro motion on the implant-bone 
interface [12, 16, 21]. However, in regards of the principle 
of the lever arm, the accelerated torsional stress and 
subsequent micro motions are affected by the total femoral 
offset, including the femoral head length beside the stem 
design. Hence, only considering lateralized implants when 
investigating high femoral offsets as a risk factor for aseptic 
loosening would probably underestimate the real impact of 
increased femoral offset combinations. The current study 
is the first considering the increase of femoral offset by 
the femoral head length and the impact of overall high 
femoral offset combinations on aseptic femoral component 
loosening. The multiple logistic regression analysis showed 
a 3.7-fold increased odd for aseptic femoral component 
loosening when using a hFO combination. This may 
indicate a forward-thinking preoperative THA planning, 
using lateralized implants only in cases in which offset 

Fig. 2  Flow chart of the 
inclusion process. THA, total 
hip arthroplasty
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restoration with standard stems is not possible and trying 
to avoid excessive femoral head lengths. In cases in which 
the avoidance of hFO combinations seem not reasonable, a 
more restrictive postoperative protocol probably may allow 
proper stem ingrowth and therefore diminish the risk for 
aseptic loosening, as partial weight bearing is known to 
result in less stem subsidence [22].

Beside high femoral offset, the postoperative usage of 
NSAR is also discussed as a reason for aseptic loosening, 
due to drug-induced bone remodeling effects [18, 19]. 
However, in our cohort, patients using postoperative 
NSAR showed a decreased probability for aseptic femoral 
component loosening. Likewise, higher age showed to be 
associated with decreased probability for aseptic loosening 
in our study, matching the results of previous studies [15]. 
A possible explanation for the decreased probability for 
aseptic loosening in higher age might be the presumed 
lower activity in the early postoperative period in this 
population. Regarding the nicotine consumption, increased 
risk for aseptic loosening has been shown in proximal 
mega-prosthetic femoral replacement [17]. However, 
nicotine abuse showed no increased probability for aseptic 
loosening in our cohort. Furthermore, concerns may 
exist in cementless THA on stem ingrowth in biological 
compromised proximal femur, although this could not yet be 

confirmed in the current literature [23]. Likewise, a higher 
Dorr classification showed no increased odds for aseptic 
loosening in our cohort.

The present study should be interpreted in light of its 
potential limitations. First, diagnosis for aseptic femoral 
component loosening was only detected if patients have 
undergone revision surgery at our institution. If a patient 
had revision at a different institution, this patient could 
not be detected and could not be grouped to the AL group. 
However, as a tertiary university hospital, containing a 
specialized hip unit, no patient was referred to a different 
institution from our site. Therefore, the number of patients 
that specifically decided to undergo revision surgery at a 
different hospital should be small. Another limitation is 
that the control for offset restoration was performed using 
plane antero-posterior radiographs instead of computed 
tomography scans [24]. Furthermore, offset restoration 
was only controlled in the AL group; in the nAL group, 
postoperative offset restoration was not controlled. 
However, standardized THA planning was performed 
in every case and in a way to restore the native global 
offset. The accurate offset restoration is reflected in the 
demonstrated small postoperative deviation in the AL group 
and why it was supposed that similar offset restoration was 
achieved in the remaining patients. Nonetheless, a possible 

Fig. 3  Conventional radiographs of a patient with aseptic femoral component loosening. A, B Preoperative radiographs. C, D The direct 
postoperative radiographs, whereas E, F show the loose femoral component 3 years and 9 months postoperative
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deviation in offset restoration in the nAL group would have 
had no influence on the event of aseptic loosening in this 
group. Another limitation that should be mentioned is that 
only patients undergoing THA using an anterior approach 
were included in this study and the anterior approach 
is known to be a risk factor for stem undersizing [25], 
resulting in a possible early stem subsidence. However, we 
were not able to detect any relevant stem subsidence in the 
AL group. Therefore, using a different surgical approach 
than the anterior approach should not interfere the results 
observed in this study. Finally, the limited number of cases 
with aseptic loosening has to be mentioned and wherefore 
this study is underpowered regarding the number of 
analyzed risk factors.

Conclusion

High femoral offset combinations, formed by lateralized stems 
or large femoral head lengths in our collective of standard 
straight stems implanted by an anterior approach, show a 
3.7-fold increased probability for aseptic femoral component 
loosening. Adjustment of the postoperative protocol may be 
considered in these cases to ensure proper stem ingrowth.
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Table 2  Subgroup analysis

AL aseptic loosening group, nAL non-aseptic loosening group, BMI body mass index, OA osteoarthritis, 
NSAR non-steroidal antirheumatics, THA total hip arthroplasty, hFO high femoral offset combination, sFO 
standard femoral offset combination

AL group (n = 14) nAL group (n = 2445)

Age 53.4 ± 11.9 (35 to 76) years 63.8 ± 12.7 (18 to 92) years p = 0.002
Gender
 Female 6 1211 n.s.
 Male 8 1234
BMI 27.6 ± 2.5 (24.7 to 34.4) kg/m2 26.8 ± 5.2 (13.0 to 58.0) kg/m2 n.s.
Side
 Left 8 1185 n.s.
 Right 6 1260
Diagnosis
 Primary OA 13 2029 n.s.
 Others 1 416
Nicotine abuse 2 670 n.s.
NSAR 8 2390 p = 0.001
Bilateral THA on 

same day
4 126 p = 0.001

Femoral offset
 hFO 11 1304 p = 0.014
 sFO 3 1141
Dorr classification
 A 14 2037 n.s.
 B 0 406
 C 0 2



1224 International Orthopaedics (2024) 48:1217–1224

permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

 1. McGrory BJ, Morrey BF, Cahalan TD et al (1995) Effect of femo-
ral offset on range of motion and abductor muscle strength after 
total hip arthroplasty. J Bone Jt Surg - Ser B 77:865–869. https:// 
doi. org/ 10. 1302/ 0301- 620x. 77b6. 75930 96

 2. Charles MN, Bourne RB, Davey JR et al (2005) Soft-tissue bal-
ancing of the hip: the role of femoral offset restoration. Instr 
Course Lect 54:131–141

 3. Mahmood SS, Mukka SS, Crnalic S et  al (2016) Association 
between changes in global femoral offset after total hip arthroplasty 
and function, quality of life, and abductor muscle strength. Acta 
Orthop 87:36–41. https:// doi. org/ 10. 3109/ 17453 674. 2015. 10919 55

 4. Devane PA, Home JG (1999) Assessment of polyethylene wear in 
total hip replacement. Clin Orthop Relat Res 369:59–72. https:// 
doi. org/ 10. 1097/ 00003 086- 19991 2000- 00007

 5. Weber M, Merle C, Nawabi DH et al (2020) Inaccurate offset 
restoration in total hip arthroplasty results in reduced range of 
motion. Sci Rep 10. https:// doi. org/ 10. 1038/ s41598- 020- 70059-1

 6. Sariali E, Klouche S, Mouttet A, Pascal-Moussellard H (2014) 
The effect of femoral offset modification on gait after total hip 
arthroplasty. Acta Orthop 85:123–127. https:// doi. org/ 10. 3109/ 
17453 674. 2014. 889980

 7. Ramaniraka A, Rakotomanana LR, Rubin PJ, Leyvraz PF (2000) 
Arthroplastie totale non cimentee de la hanche : Influence des 
parametres extra-medullaires sur la stabilite primaire de l’implant 
et sur les contraintes a l’interface os/implant. Rev Chir Orthop 
Reparatrice Appar Mot 86:590–597

 8. Liebs TR, Nasser L, Herzberg W et al (2014) The influence 
of femoral offset on healthrelated quality of life after total hip 
replacement. Bone Jt J 96(B):36–42. https:// doi. org/ 10. 1302/ 
0301- 620X. 96B1. 31530

 9. Rüdiger HA, Guillemin M, Latypova A, Terrier A (2017) Effect of 
changes of femoral offset on abductor and joint reaction forces in 
total hip arthroplasty. Arch Orthop Trauma Surg 137:1579–1585. 
https:// doi. org/ 10. 1007/ s00402- 017- 2788-6

 10. Lecerf G, Fessy MH, Philippot R et al (2009) Femoral offset: 
anatomical concept, definition, assessment, implications for pre-
operative templating and hip arthroplasty. Orthop Traumatol Surg 
Res 95:210–219. https:// doi. org/ 10. 1016/j. otsr. 2009. 03. 010

 11. Noble PC, Alexander JW, Lindahl LJ et  al (1988) The ana-
tomic basis of femoral component design. Clin Orthop Relat 
Res 235:148–165. https:// doi. org/ 10. 1097/ 00003 086- 19881 
0000- 00015

 12. Rubin PJ, Leyvraz PF, Aubaniac JM et al (1992) The morphology 
of the proximal femur: a three-dimensional radiographic analysis. 
J Bone Jt Surg - Ser B 74:28–32. https:// doi. org/ 10. 1302/ 0301- 
620x. 74b1. 17322 60

 13. Bachour F, Marchetti E, Bocquet D et al (2010) Radiographic pre-
operative templating of extra-offset cemented THA implants: how 

reliable is it and how does it affect survival? Orthop Traumatol 
Surg Res 96:760–768. https:// doi. org/ 10. 1016/j. otsr. 2010. 05. 004

 14. Cantin O, Viste A, Desmarchelier R et al (2015) Compared fixa-
tion and survival of 280 lateralised vs 527 standard cementless 
stems after two years (1-7). Orthop Traumatol Surg Res 101:775–
780. https:// doi. org/ 10. 1016/j. otsr. 2015. 08. 002

 15. Courtin C, Viste A, Subtil F et al (2017) Cementless lateralized 
stems in primary THA: mid-term survival and risk factors for fail-
ure in 172 stems. Orthop Traumatol Surg Res 103:15–19. https:// 
doi. org/ 10. 1016/j. otsr. 2016. 10. 011

 16. Olofsson K, Digas G, Kärrholm J (2006) Influence of design vari-
ations on early migration of a cemented stem in THA. Clin Orthop 
Relat Res 448:67–72. https:// doi. org/ 10. 1097/ 01. blo. 00002 24020. 
73163. 28

 17. Leute PJF, Hoffmann I, Hammad A et al (2017) Nicotine con-
sumption may lead to aseptic loosening in proximal mega-pros-
thetic femoral replacement. J Orthop Traumatol 18:111–120. 
https:// doi. org/ 10. 1007/ s10195- 016- 0426-7

 18. Glassman SD, Rose SM, Dimar JR et al (1998) The effect of post-
operative nonsteroidal anti-inflammatory drug administration on 
spinal fusion. Spine (Phila Pa 1976) 23:834–838. https:// doi. org/ 
10. 1097/ 00007 632- 19980 4010- 00020

 19. Persson PE, Nilsson OS, Berggren AM (2005) Do non-steroi-
dal anti-inflammatory drugs cause endoprosthetic loosening? A 
10-year follow-up of a randomized trial on ibuprofen for preven-
tion of heterotopic ossification after hip arthroplasty. Acta Orthop 
76:735–740. https:// doi. org/ 10. 1080/ 17453 67051 00453 09

 20. Karachalios T, Komnos G, Koutalos A (2018) Total hip arthro-
plasty: survival and modes of failure. EFORT Open Rev 3:232–
239. https:// doi. org/ 10. 1302/ 2058- 5241.3. 170068

 21. Harris WH (1995) The problem is osteolysis. In: In: Clinical 
Orthopaedics and Related Research, pp 46–53

 22. Leiss F, Götz JS, Meyer M et al (2022) Differences in femoral 
component subsidence rate after THA using an uncemented 
collarless femoral stem: full weight-bearing with an enhanced 
recovery rehabilitation versus partial weight-bearing. Arch 
Orthop Trauma Surg 142:673–680. https:// doi. org/ 10. 1007/ 
s00402- 021- 03913-0

 23. McLaughlin JR, Lee KR (2016) Long-term results of uncemented 
total hip arthroplasty with the Taperloc femoral component in 
patients with Dorr type C proximal femoral morphology. Bone Jt 
J 98:595–600. https:// doi. org/ 10. 1302/ 0301- 620X. 98B5. 35816

 24. Sariali E, Mouttet A, Pasquier G, Durante E (2009) Three-dimen-
sional hip anatomy in osteoarthritis. Analysis of the femoral offset. 
J Arthroplasty 24:990–997. https:// doi. org/ 10. 1016/j. arth. 2008. 04. 
031

 25. Rivera F, Leonardi F, Evangelista A, Pierannunzii L (2016) Risk 
of stem undersizing with direct anterior approach for total hip 
arthroplasty. HIP Int 26:249–253. https:// doi. org/ 10. 5301/ hipint. 
50003 37

Publisher’s note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1302/0301-620x.77b6.7593096
https://doi.org/10.1302/0301-620x.77b6.7593096
https://doi.org/10.3109/17453674.2015.1091955
https://doi.org/10.1097/00003086-199912000-00007
https://doi.org/10.1097/00003086-199912000-00007
https://doi.org/10.1038/s41598-020-70059-1
https://doi.org/10.3109/17453674.2014.889980
https://doi.org/10.3109/17453674.2014.889980
https://doi.org/10.1302/0301-620X.96B1.31530
https://doi.org/10.1302/0301-620X.96B1.31530
https://doi.org/10.1007/s00402-017-2788-6
https://doi.org/10.1016/j.otsr.2009.03.010
https://doi.org/10.1097/00003086-198810000-00015
https://doi.org/10.1097/00003086-198810000-00015
https://doi.org/10.1302/0301-620x.74b1.1732260
https://doi.org/10.1302/0301-620x.74b1.1732260
https://doi.org/10.1016/j.otsr.2010.05.004
https://doi.org/10.1016/j.otsr.2015.08.002
https://doi.org/10.1016/j.otsr.2016.10.011
https://doi.org/10.1016/j.otsr.2016.10.011
https://doi.org/10.1097/01.blo.0000224020.73163.28
https://doi.org/10.1097/01.blo.0000224020.73163.28
https://doi.org/10.1007/s10195-016-0426-7
https://doi.org/10.1097/00007632-199804010-00020
https://doi.org/10.1097/00007632-199804010-00020
https://doi.org/10.1080/17453670510045309
https://doi.org/10.1302/2058-5241.3.170068
https://doi.org/10.1007/s00402-021-03913-0
https://doi.org/10.1007/s00402-021-03913-0
https://doi.org/10.1302/0301-620X.98B5.35816
https://doi.org/10.1016/j.arth.2008.04.031
https://doi.org/10.1016/j.arth.2008.04.031
https://doi.org/10.5301/hipint.5000337
https://doi.org/10.5301/hipint.5000337

	High femoral offset as a risk factor for aseptic femoral component loosening in cementless primary total hip arthroplasty
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Statistical analysis

	Results
	Discussion
	Conclusion
	References


