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Abstract
Introduction  The present study evaluated whether patient demographic characteristics influence the subsidence of the stem 
in total hip arthroplasty (THA). The following characteristics were evaluated: age, height, weight, and sex. The association 
between the time elapsed from the THA implantation and the amount of stem subsidence was also investigated.
Methods  The records of patients who underwent THA in the period between 2016 and 2023 were accessed. All patients 
underwent two-staged bilateral THA using cementless DePuy collarless Corail (DePuy Synthes, Raynham, MA, USA) stems. 
The following parameters were measured and compared to assess stem subsidence: distance from the proximal femur at the 
stem bone interface and the medial apex of the regular triangle built within the trochanter minor (point A); distance from 
the medial apex of the regular triangle built within the trochanter minor and the distal portion of the femoral stem (point B).
Results  Overall, 294 patients were included. 62% (182 of 294 patients) were women. 45% (134 of 296 THAs) were on the 
right side. The mean age was 64.9 ± 10.4 years. The mean BMI was 28.3 ± 5.1 kg/m2. The mean length of the follow-up was 
14.4 ± 11.0 months. The mean subsidence in point A was 2.1 mm (P < 0.0001), and that in point B was 3.1 mm (P < 0.0001). 
There was evidence of a weak positive association between patient weight (P < 0.0001), age (P = 0.03), follow-up (P = 0.002) 
and the amount of stem subsidence. Patient height did not demonstrate any association with the amount of stem subsidence 
(P = 0.07). There was no difference in stem subsidence between women and men (P = 0.9).
Conclusion  Stem subsidence in THA using cementless DePuy collarless Corail implants is approximately 2.6 mm after 
14.4 months. Greater patient weight, age, and longer time elapsed from THA implantation were associated with greater stem 
subsidence. Patient height and sex did not demonstrate any influence on the amount of stem subsidence. These results must 
be considered in light of the limitations of the present study.
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Introduction

Osteoarthritis (OA) of the hip is a common cause of pain 
and disability [1]. In selected patients, total hip arthro-
plasty (THA) improves functional outcomes, favorably 
impacting patient quality of life and participation in rec-
reational activities [2]. To guarantee survivorship of THA, 
a stable structural and functional connection between the 
underlying bone and the implant is necessary. However, 
the current evidence demonstrated that the femoral compo-
nent of THA, although well integrated with the surround-
ing bone, can undergo minimal displacement. This process 
of “distalisation” of the stem in absence of implant loosen-
ing is called subsidence [3]. Most radiographic subsidence 
is observed within six to eight weeks postoperatively and 
is more evident in cementless implants [4]. Subsidence up 
to 3 mm is considered acceptable, whereas a stem migra-
tion greater than 5 mm could lead to implant failure [5]. 
Femoral stem design may influence stem subsidence [6].

Despite the increasing number of clinical investigations, 
the influence of patient characteristics on stem subsidence 
in THA is still debated. The present study assesses stem 
subsidence using the anteroposterior radiographs of the 
pelvis of patients who underwent two-staged bilateral 
THA. The purpose of the present study is to assess the 
amount of stem subsidence following primary THA and 
to evaluate whether patient demographic characteristics 
influence its subsidence.

Methods

Study design

The present retrospective study was performed according 
to the Strengthening the Reporting of Observational Stud-
ies in Epidemiology (STROBE) [7]. The present study was 
a retrospective analysis of prospectively collected data. 
The databases of the Department of Orthopaedic Surgery 
of the Eifelklinik St. Brigida, Simmerath, Germany and 
the Department of Orthopaedic, Trauma, and Reconstruc-
tive Surgery of the University Hospital RWTH Aachen, 
Germany, were accessed. Data from all operated patients 
are collected prospectively following the standard high-
lighted in the “Endocert” (EndoCert certificate, Centres 
of German Endoprosthetic, German Society for Orthope-
dics and Traumatology), which supervises and certifies 
the quality of the arthroplasties. In December 2022, the 
records of patients who underwent THA between 2016 
and 2022 were accessed. All patients who underwent two-
staged bilateral THA at our institutions were retrieved. The 
present study was approved by the Ethics Committee of 

the RWTH University of Aachen (project ID: EK128/19) 
and conducted according to the principles expressed in the 
Declaration of Helsinki.

Eligibility criteria

The inclusion criteria were: (1) symptomatic OA sec-
ondary to dysplasia, or femoral head necrosis, and idi-
opathic; (2) symptomatic OA grade II to IV according 
to the Kellgren–Lawrence classification [8]; (3) com-
pletion of postoperative antithrombotic prophylaxis; 
(4) completion of postoperative prophylaxis for het-
erotopic ossification; (5) a minimum of six months 
between the implantation of the ipsi- and the con-
tralateral THA; (6) patients who underwent postop-
erative inpatient rehabilitation; (7) patients being able 
to understand the nature of the treatment. The exclu-
sion criteria were: (1) hip OA secondary to trauma; 
(2) neoplastic diseases; (3) pregnancy; (4) any blood 
abnormalities; (5) severe peripheral neuropathy, vas-
cular diseases, or presence of peripheral ulcers; (6) 
osteoporosis which requires component cementation; 
(7) concomitant intake of anticoagulants or calcitonin; 
(8) patients who underwent revision surgery for any 
reason; (9) patients who had any complication which 
may have impaired weight-bearing or gait; (10) other 
omitted criteria which may have influenced the results 
of the present investigation.

Surgical technique

All patients received a 1.5 g single shot of intravenous 
cefuroxime. All surgeries were performed by six senior 
surgeons using the Watson–Jones anterolateral approach 
[9]. The implant used for THA was the cementless DePuy 
(DePuy Synthes, Raynham, MA, USA) collarless Corail 
stem and a Pinnacle acetabular cup, an oxinium or ceramic 
femoral head, and a high-density crosslinked polyethylene 
(XLPE) inlay. Anti-thrombotic prophylaxis with Rivaroxa-
ban, 10 mg daily for 6 weeks, started 12 h after the index 
procedure was implemented. Three weeks of ibuprofen 
600 mg thrice daily as prophylaxis for heterotopic ossifica-
tion was administered. Patients were followed by a team of 
physiotherapists during hospitalization. Quadriceps strength 
exercise started on the first postoperative day. On the same 
day, patients mobilized weight-bearing as tolerated using 
a forearm support frame. By the third postoperative day, 
patients usually progressed to mobilization using crutches. 
An inpatient physiotherapy program in external rehabilita-
tion institutes was set for every patient.
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Outcomes of interest

All patients who underwent two-staged bilateral THA were 
considered in the present investigation. Data concerning the 
date of surgery, age, sex, weight, and height of the patients 
were collected. On admission, patients underwent anteropos-
terior radiography of the pelvis. The anteroposterior radio-
graphs taken following the first THA were compared with 
those of the same side taken at the time of the contralateral 
THA implantation (Fig. 1). In doing so, patients avoided 
additional radiographs for research purposes.

The amount of subsidence was assessed by a blinded 
assessor who was not involved in the clinical management 
of the patients. The imaging references used to assess stem 
subsidence are shown in Fig. 2.

Statistical analysis

Statistical analyses were performed by the main author 
(F.M.) using the IBM SPSS software (version 25). For 
descriptive statistics, mean and standard deviation were 
evaluated. To evaluate subsidence in women and men, the 
mean difference (MD) effect measure was calculated. The 
two tailed unpaired T-test was performed, with values of 
P < 0.05 considered statistically significant. A multiple 
linear model regression diagnostic was conducted using 
STATA/MP 16.1 (StataCorp, College Station, TX) to 
investigate whether the time elapsed from THA and age, 
height, and weight of the patients exerted an influence on 
stem subsidence. The string was set to exclude extreme 
outliers. For pairwise correlation, the Pearson Product-
Moment Correlation Coefficient (r), with values of + 1 and 
-1 indicating a positive and a negative linear correlation, 
respectively. Values of 0.1 <| r |< 0.3, 0.3 <| r |< 0.5, and  

| r |> 0.5 were considered to have small, medium, and 
strong correlation, respectively. The test of overall signifi-
cance was performed through the χ2 test, with values of 
P < 0.05 considered statistically significant. Scatter plots 
were also performed and added as supplementary material.

Fig. 1   Evidence of subsidence of 1.0 mm after 7 months of follow-up in a male patient of 72 years old on anteroposterior radiographs of the pel-
vis (A: following the first THA; B: following the implantation of the contralateral THA)

Fig. 2   Reference parameters (A: distance from the proximal femur 
at the stem bone interface and the medial apex of the triangle draw 
within the superior, inferior and medial margins of the lesser tro-
chanter; B: distance from the medial apex of the regular triangle 
drawn within the superior, inferior and medial margins of the lesser 
trochanter and the distal portion of the femoral stem)
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Results

Recruitment process

Data from 451 procedures were retrieved. Of them, 157 
were not considered in the present study due to the follow-
ing reasons: OA secondary to trauma (N = 72), not under-
going antithrombotic prophylaxis (N = 1), not undergoing 
prophylaxis for heterotopic ossification (N = 38), neoplastic 
diseases (N = 3), severe peripheral neuropathy, vascular dis-
eases, or presence of peripheral ulcers (N = 4), component 
cementation (N = 21), underwent revision surgery during the 
follow-up (N = 18). Finally, 294 were identified and included 
in the present analysis (Fig. 3).

Patient demographics

Overall, 294 patients were included. 62% (182 of 
294 patients) were women. 45% (134 of 296 THAs) 
were implanted on the right side. The mean age was 
64.9 ± 10.4 years. The mean BMI was 28.3 ± 5.1 kg/m2. 
The mean length of the follow-up was 14.4 ± 11.0 months. 
Demographic data are shown in Table 1.

Outcomes of interest

The overall cementless collarless stem subsidence following 
THA was 2.6 ± 4.2 mm (P < 0.0001) at 14.4 ± 11.0 months. 
Table 2 reports the amount of subsidence in zone A and B.

Pairwise correlations

There was evidence of a weak positive association between 
patient weight (r = 0.2; P < 0.0001, Table 3), age (r = 0.1; 
P = 0.03, Table 3), the time elapsed from surgery (r = 0.2; 
P = 0.002, Table 3), and the amount of stem subsidence 
(Table 3). Patient height did not demonstrate any associa-
tion with the amount of stem subsidence (P = 0.07, Table 3).

Subgroup analysis: women vs men

There was no difference in stem subsidence between women 
and men (P = 0.9, Table 4).

Discussion

According to the main findings of the present study, cement-
less DePuy collarless Corail stem subsidence in THA is 
approximately 2.6 mm by 14 months from the implantation. 

Fig. 3   Diagram of the recruit-
ment process

Table 1   Demographic data of 
the patients (FU: follow-up)

Endpoint Value

Side (right) 62% (182 of 294)
Women 45% (134 of 296)
Height (cm) 170.4 ± 9.5
Weight (kg) 82.5 ± 17.1
BMI (kg/m2) 28.3 ± 5.1
Age (years) 64.9 ± 10.4
FU (months) 14.4 ± 11.0
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Greater patient weight, age, and longer time elapsed from 
THA implantation were associated with greater stem subsid-
ence. Patient height and sex did not demonstrate any influ-
ence on the amount of stem subsidence.

The final stability of the implant is crucial to avoid asep-
tic loosening and it is reached in two steps: primary and 
secondary stability [10]. Primary stability depends on the 
micro-movement of the stem immediately after surgery [11]. 
The early subsidence in cementless collarless stems can be 
related to improper anchoring during implantation rather 
than a true loosening of the implant [4]. This may be due 
to an insufficient impaction of the implant into the cancel-
lous bone during the surgery [12]. The body weight gener-
ates a force from the implant onto the bone causing further 
compression of the implant, resulting in subsidence until 
mechanical stability is obtained [5]. Secondary stability is 
guaranteed by osseointegration that allows proper anchor-
age of the implant to the surrounding bone [13]. Osteointe-
gration follows three phases: incorporation of implants by 
woven bone formation, deposition of lamellar bone fibers, 
as the response of bone mass to loads, and final bone remod-
eling [14]. Osteointegration is influenced by many factors: 
biocompatibility of the implant, positioning of the implant, 
biomechanics of the implant, loading conditions, surgical 
technique, and healing phase [14–16]. Streit et al. [17] ana-
lyzed subsidence in 158 cementless THAs. After 21 years 
of follow-up, they found a statistically significant associa-
tion between early subsidence and aseptic loosening [17]. 
The present study showed a weak association between body 
weight and subsidence. This result is in accordance with 
Stihsen et al.'s [18] study. 102 patients were analyzed, and 
subsidence was greater in patients weighting 75 kg or more 

than in lighter patients. Interestingly, BMI was not associ-
ated with stem migration. In a previous study, though not 
statistically significant, a greater tendency of subsidence in 
obese patients (BMI > 30 kg / m2) was observed compared to 
a non-obese control group [19]. Leiss et al. [12] analyzed the 
influence of partial and full weight-bearing on subsidence. 
Patients with a full weight-bearing rehabilitation protocol 
showed greater stem migration than did the control group. 
Physiological loads allow the implant to reach the proper 
position and help osseointegration of the implant [20]. Body 
weight helps the stem to reach its final and physiological 
position in the medullary canal, with full cortical contact 
[12].

No association was present between gender and stem 
migration. This result is confirmed by other studies [21, 
22]. An interesting explanation of these results is the role 
of bone mineral density (BMD) in stem migration. BMD 
decreases in post-menopausal females [23]. An RCT study 
on 62 patients (mean age 64) showed no association between 
BMD and subsidence [24]. The role of gender as a risk fac-
tor for subsidence is still controversial. Johanson et al. [25] 
showed greater stem migration in males, suggesting that 
these results could have been influenced by the different 
morphology of the femoral medullary canal.

Another factor that influences BMD is age [26]. Many 
studies suggest that cementation of THA after 75 years old 
may reduce of the revision rate [27–29]. Moritz et al. [30] 
analyzed the association of subsidence with the quality of 
inter-trochanter cancellous bone in 61 female patients, show-
ing an association between age and BMD, but BMD did 
not influence stem migration. The present study showed a 
statistically significant association between subsidence and 
age. This result is confirmed also in a previous study which 
found greater subsidence in elderly patients [31]. However, 
another study on collarless Corail stem showed greater sub-
sidence in the younger patients [5]. The authors suggested 
that this result can be explained by the highest activity level 
of these patients, even if the activity level was not evaluated 
in their study.

In our study, migration of the stem was associated with 
time elapsed from surgery. The short–mid-term follow-up 

Table 2   Main results

Endpoint At Baseline At last FU MD T Effect size 95% CI P

C 58.3 ± 7.8 (75.7 to 30.2) 56.2 ± 8.1 (73.1 to 30.2) 2.1 11.001 0.64 2.4542, 1.7098  < 0.0001
D 106.8 ± 15.0 (134.2 to 59.2) 109.9 ± 15.3 (138.5 to 61.1) 3.1 11.186 0.65 2.531, 3.6118  < 0.0001

Table 3   Results of the pairwise correlations

Endpoints r P

Height 0.15 0.07
Weight 0.22  < 0.0001
Age 0.13 0.03
Time span (months) 0.18 0.002

Table 4   Comparison of stem 
subsidence between women 
and men

Endpoint Men Women MD Effect size T P

Overall 2.5 ± 3.0 1.8 ± 3.4 0.7 0.21 1.71 0.9
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might have influenced this result. Although the subsidence 
is maximal in the first 3 months and tends to stabilize by 
24 months, little stem migration is still present over the years 
[32, 33]. For this reason, we decided to include only patients 
with a minimum of 6 months of follow-up. Critchley et al. 
[34] described stem migration patterns in a 14-year follow-
up study on 29 patients. The mean subsidence after 6 years 
was 0.62 mm and the mean subsidence after 14 years was 
0.70 mm. There was no statistically significant difference 
between subsidence after 6 years and after 14 years [35]. 
Stem migration reaches a plateau after the first 2 years, when 
the stem is strongly osseointegrated and minimal variation in 
subsidence has to be considered as a result of physiological 
bone remodeling [35]. Similarly, Aro et al. [36] reported no 
stem subsidence between 2 and 9 years after surgery. Streit 
et al. [17] did not find any statistically significant associa-
tion between aseptic loosening and stem subsidence after 
the first 2 years.

The present study showed an overall subsidence of 
2.6 mm. A previous study which investigated the subsid-
ence of cement-free Corail stems showed similar results at 
24 months (subsidence 2.2 mm). Ries et al. in a study on 231 
patients also operated with Corail stems, measured a mean 
subsidence of 2.9 mm after 7 months of follow-up [37]. The 
implantation of the Corail stem requires a high level of press 
fit to achieve the correct implantation and avoid aseptic loos-
ening [38].

Our study presented some limitations. The follow-up 
period is relatively short and a longer follow-up could 
investigate whether subsidence might influence the rate of 
aseptic loosening. The presence of patients who undergo 
contralateral THA may increase the selection bias of the 
present study. Patients who were not completely satisfied 
with the outcome might have accepted to undergo further 
surgery on the contralateral side. This could have underesti-
mated the real amount of stem subsidence. Only axial stem 
migration was analyzed in our patients, and rotational and 
tilting subsidence was not taken into account.

Software and online platforms developed to assess sub-
sidence are available. In this instance, “Ein Bild Roentgen 
Analyze—femoral component analysis” (EBRA-FCA) is an 
accurate tool to assess stem migration [39]. However, this 
software is not commonly used in clinical practice. There-
fore, we reported data from a simple method to assess sub-
sidence. Despite the present methodology might not be as 
accurate as dedicated software, it is simple and fast to use. 
The stem design might have an impact on subsidence [40]. 
The primary stability of the stem depends also on implant 
morphology and surgery [41]. Indeed, cemented stem 
migrates less than the uncemented stem [24, 42] and the 
collared Corail femoral stem migrates less than the uncol-
lared Corail femoral stem [5]. Finally, bone mineral density 
(BMD) was not evaluated in the present study. The influence 

of BMD on stem subsidence is still controversial [24, 43, 
44], and additional studies using high-resolution imaging 
modalities of local bone quality are required. Following the 
principles highlighted in the Endocert, at our institutions, 
preoperative two-dimensional planning of the component 
type, brand, and position was made. However, whether 
incongruities between the preoperative surgical planning and 
the final position and size of the stem may have influenced 
the amount of subsidence has not been investigated in the 
present study. We did not include patients who underwent 
revision THA as additional factors may have influenced 
the amount of subsidence and could have led to a bias in 
the standardization of procedures and results. This limita-
tion should be overcome by future investigations including 
patients with aseptic loosening of the femoral component.

Conclusion

According to the main findings of the present study, cement-
less DePuy collarless Corail stem subsidence in THA is 
approximately 2.6 mm after 14 months of follow-up. Greater 
patient weight, age, and longer time elapsed from THA 
implantation were associated with greater subsidence. On 
the other hand, patient height and sex did not demonstrate 
any influence on the amount of stem subsidence. These 
results must be considered in light of the limitations of the 
present study.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00402-​023-​05054-y.

Acknowledgements  None.

Author contributions  Conceptualization FM; methodology FM; soft-
ware FM; validation NM, UKH, AB; formal analysis FM, EV, MP; 
resources UKH; data curation FM; writing—original draft FM; writ-
ing—Review & Editing NM, UKH; project administration AB. All 
authors agree to the final version of the present study.

Funding  Open Access funding enabled and organized by Projekt 
DEAL. No external source of funding was used.

Data availability  Data is available at reasonable request to the main 
author (migliorini.md@gmail.it).

Declarations 

Conflict of interest  The authors declare that they have no conflict of 
interest.
Ethical approval and consent to publish
This study was approved by the Ethics Committee of the Medical Fac-
ulty of the RWTH University of Aachen (project ID EK 438-20).

Informed consent  All patients provided written consent to use their 
clinical and imaging data for research purposes.

https://doi.org/10.1007/s00402-023-05054-y


Archives of Orthopaedic and Trauma Surgery	

1 3

Open Access   This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
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://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Metcalfe D, Perry DC, Claireaux HA, Simel DL, Zogg CK, Costa 
ML (2019) Does this patient have hip osteoarthritis?: The rational 
clinical examination systematic review. JAMA 322(23):2323–
2333. https://​doi.​org/​10.​1001/​jama.​2019.​19413

	 2.	 Trudelle-Jackson E, Emerson R, Smith S (2002) Outcomes of 
total hip arthroplasty: a study of patients one year postsurgery. J 
Orthop Sports Phys Ther 32(6):260–267. https://​doi.​org/​10.​2519/​
jospt.​2002.​32.6.​260

	 3.	 Kärrholm J, Borssén B, Löwenhielm G, Snorrason F (1994) Does 
early micromotion of femoral stem prostheses matter? 4-7-year 
stereoradiographic follow-up of 84 cemented prostheses. J Bone 
Joint Surg Br 76(6):912–917

	 4.	 Selvaratnam V, Shetty V, Sahni V (2015) Subsidence in collarless 
corail hip replacement. Open Orthop J 9:194–197. https://​doi.​org/​
10.​2174/​18743​25001​50901​0194

	 5.	 Al-Najjim M, Khattak U, Sim J, Chambers I (2016) Differences in 
subsidence rate between alternative designs of a commonly used 
uncemented femoral stem. J Orthop 13(4):322–326. https://​doi.​
org/​10.​1016/j.​jor.​2016.​06.​026

	 6.	 Campbell D, Mercer G, Nilsson KG, Wells V, Field JR, Callary 
SA (2011) Early migration characteristics of a hydroxyapatite-
coated femoral stem: an RSA study. Int Orthop 35(4):483–488. 
https://​doi.​org/​10.​1007/​s00264-​009-​0913-z

	 7.	 von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Van-
denbroucke JP, Initiative S (2008) The strengthening the reporting 
of observational studies in epidemiology (STROBE) statement: 
guidelines for reporting observational studies. J Clin Epidemiol 
61(4):344–349. https://​doi.​org/​10.​1016/j.​jclin​epi.​2007.​11.​008

	 8.	 Petersson IF, Boegard T, Saxne T, Silman AJ, Svensson B (1997) 
Radiographic osteoarthritis of the knee classified by the Ahlback 
and Kellgren & Lawrence systems for the tibiofemoral joint in 
people aged 35–54 years with chronic knee pain. Ann Rheum Dis 
56(8):493–496

	 9.	 Bertin KC, Rottinger H (2004) Anterolateral mini-incision hip 
replacement surgery: a modified Watson-Jones approach. Clin 
Orthop Relat Res 429:248–255

	10.	 Reimeringer M, Nuno N (2016) The influence of contact ratio and 
its location on the primary stability of cementless total hip arthro-
plasty: a finite element analysis. J Biomech 49(7):1064–1070. 
https://​doi.​org/​10.​1016/j.​jbiom​ech.​2016.​02.​031

	11.	 Viceconti M, Pancanti A, Varini E, Traina F, Cristofolini L (2006) 
On the biomechanical stability of cementless straight conical hip 
stems. Proc Inst Mech Eng H 220(3):473–480. https://​doi.​org/​10.​
1243/​09544​119H0​6904

	12.	 Leiss F, Gotz JS, Meyer M, Maderbacher G, Reinhard J, Parik 
L, Grifka J, Greimel F (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(4):673–680. https://​doi.​org/​10.​1007/​s00402-​021-​03913-0

	13.	 Mavrogenis AF, Dimitriou R, Parvizi J, Babis GC (2009) Biology 
of implant osseointegration. J Musculoskelet Neuronal Interact 
9(2):61–71

	14.	 Parithimarkalaignan S, Padmanabhan TV (2013) Osseointegra-
tion: an update. J Indian Prosthodont Soc 13(1):2–6. https://​doi.​
org/​10.​1007/​s13191-​013-​0252-z

	15.	 Eriksson RA, Albrektsson T (1984) The effect of heat on bone 
regeneration: an experimental study in the rabbit using the bone 
growth chamber. J Oral Maxillofac Surg 42(11):705–711. https://​
doi.​org/​10.​1016/​0278-​2391(84)​90417-8

	16.	 Lerch M, von der Haar-Tran A, Windhagen H, Behrens BA, 
Wefstaedt P, Stukenborg-Colsman CM (2012) Bone remod-
elling around the Metha short stem in total hip arthroplasty: a 
prospective dual-energy X-ray absorptiometry study. Int Orthop 
36(3):533–538. https://​doi.​org/​10.​1007/​s00264-​011-​1361-0

	17.	 Streit MR, Haeussler D, Bruckner T, Proctor T, Innmann MM, 
Merle C, Gotterbarm T, Weiss S (2016) Early migration predicts 
aseptic loosening of cementless femoral stems: a long-term study. 
Clin Orthop Relat Res 474(7):1697–1706. https://​doi.​org/​10.​1007/​
s11999-​016-​4857-5

	18.	 Stihsen C, Radl R, Keshmiri A, Rehak P, Windhager R (2012) 
Subsidence of a cementless femoral component influenced by 
body weight and body mass index. Int Orthop 36(5):941–947. 
https://​doi.​org/​10.​1007/​s00264-​011-​1360-1

	19.	 Freitag T, Fuchs M, Woelfle-Roos JV, Reichel H, Bieger R (2019) 
Mid-term migration analysis of a femoral short-stem prosthesis: a 
five-year EBRA-FCA-study. Hip Int 29(2):128–133. https://​doi.​
org/​10.​1177/​11207​00018​772277

	20.	 Vidalain JP (2011) Twenty-year results of the cementless 
Corail stem. Int Orthop 35(2):189–194. https://​doi.​org/​10.​1007/​
s00264-​010-​1117-2

	21.	 Gema A, Irianto KA, Setiawati R (2021) Femoral stem subsidence 
and its associated factors after cementless bipolar hemiarthro-
plasty in geriatric Patients. Malays Orthop J 15(1):63–71. https://​
doi.​org/​10.​5704/​MOJ.​2103.​010

	22.	 Rattanaprichavej P, Laoruengthana A, Chotanaphuti T, Khuang-
sirikul S, Phreethanutt C, Pongpirul K (2019) Subsidence of 
hydroxyapatite-coated femoral stem in Dorr type c proximal femo-
ral morphology. J Arthroplasty 34(9):2011–2015. https://​doi.​org/​
10.​1016/j.​arth.​2019.​05.​017

	23.	 Lupsa BC, Insogna K (2015) Bone health and osteoporosis. Endo-
crinol Metab Clin North Am 44(3):517–530. https://​doi.​org/​10.​
1016/j.​ecl.​2015.​05.​002

	24.	 Dyreborg K, Sorensen MS, Flivik G, Solgaard S, Petersen MM 
(2021) Preoperative BMD does not influence femoral stem sub-
sidence of uncemented THA when the femoral T-score is > -2.5. 
Acta Orthop 92 (5):538–543. https://​doi.​org/​10.​1080/​17453​674.​
2021.​19201​63

	25.	 Johanson PE, Antonsson M, Shareghi B, Karrholm J (2016) Early 
subsidence predicts failure of a cemented femoral stem with minor 
design changes. Clin Orthop Relat Res 474(10):2221–2229. 
https://​doi.​org/​10.​1007/​s11999-​016-​4884-2

	26.	 Russell LA (2013) Osteoporosis and orthopedic surgery: effect of 
bone health on total joint arthroplasty outcome. Curr Rheumatol 
Rep 15(11):371. https://​doi.​org/​10.​1007/​s11926-​013-​0371-x

	27.	 Troelsen A, Malchau E, Sillesen N, Malchau H (2013) A 
review of current fixation use and registry outcomes in total hip 
arthroplasty: the uncemented paradox. Clin Orthop Relat Res 
471(7):2052–2059. https://​doi.​org/​10.​1007/​s11999-​013-​2941-7

	28.	 Paulino EC, de Souza LJ, Molan NA, Machado MC, Jancar S 
(2007) Neutrophils from acute pancreatitis patients cause more 
severe in vitro endothelial damage compared with neutrophils 
from healthy donors and are differently regulated by endothelins. 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1001/jama.2019.19413
https://doi.org/10.2519/jospt.2002.32.6.260
https://doi.org/10.2519/jospt.2002.32.6.260
https://doi.org/10.2174/1874325001509010194
https://doi.org/10.2174/1874325001509010194
https://doi.org/10.1016/j.jor.2016.06.026
https://doi.org/10.1016/j.jor.2016.06.026
https://doi.org/10.1007/s00264-009-0913-z
https://doi.org/10.1016/j.jclinepi.2007.11.008
https://doi.org/10.1016/j.jbiomech.2016.02.031
https://doi.org/10.1243/09544119H06904
https://doi.org/10.1243/09544119H06904
https://doi.org/10.1007/s00402-021-03913-0
https://doi.org/10.1007/s13191-013-0252-z
https://doi.org/10.1007/s13191-013-0252-z
https://doi.org/10.1016/0278-2391(84)90417-8
https://doi.org/10.1016/0278-2391(84)90417-8
https://doi.org/10.1007/s00264-011-1361-0
https://doi.org/10.1007/s11999-016-4857-5
https://doi.org/10.1007/s11999-016-4857-5
https://doi.org/10.1007/s00264-011-1360-1
https://doi.org/10.1177/1120700018772277
https://doi.org/10.1177/1120700018772277
https://doi.org/10.1007/s00264-010-1117-2
https://doi.org/10.1007/s00264-010-1117-2
https://doi.org/10.5704/MOJ.2103.010
https://doi.org/10.5704/MOJ.2103.010
https://doi.org/10.1016/j.arth.2019.05.017
https://doi.org/10.1016/j.arth.2019.05.017
https://doi.org/10.1016/j.ecl.2015.05.002
https://doi.org/10.1016/j.ecl.2015.05.002
https://doi.org/10.1080/17453674.2021.1920163
https://doi.org/10.1080/17453674.2021.1920163
https://doi.org/10.1007/s11999-016-4884-2
https://doi.org/10.1007/s11926-013-0371-x
https://doi.org/10.1007/s11999-013-2941-7


	 Archives of Orthopaedic and Trauma Surgery

1 3

Pancreas 35(1):37–41. https://​doi.​org/​10.​1097/​MPA.​0b013​e3180​
5c177b

	29.	 Makela KT, Matilainen M, Pulkkinen P, Fenstad AM, Havelin L, 
Engesaeter L, Furnes O, Pedersen AB, Overgaard S, Karrholm J, 
Malchau H, Garellick G, Ranstam J, Eskelinen A (2014) Failure 
rate of cemented and uncemented total hip replacements: reg-
ister study of combined Nordic database of four nations. BMJ 
348:f7592. https://​doi.​org/​10.​1136/​bmj.​f7592

	30.	 Moritz N, Alm JJ, Lankinen P, Makinen TJ, Mattila K, Aro HT 
(2011) Quality of intertrochanteric cancellous bone as predictor of 
femoral stem RSA migration in cementless total hip arthroplasty. J 
Biomech 44(2):221–227. https://​doi.​org/​10.​1016/j.​jbiom​ech.​2010.​
10.​012

	31.	 Zak S, Greenbaum S, Singh V, Schwarzkopf R, Davidovitch RI 
(2020) The effect of age and activity level on stem subsidence in 
total hip arthroplasty. J Hip Surg 4(04):173–179. https://​doi.​org/​
10.​1055/s-​0040-​17211​20

	32.	 Schaer MO, Finsterwald M, Holweg I, Dimitriou D, Antoniadis 
A, Helmy N (2019) Migration analysis of a metaphyseal-anchored 
short femoral stem in cementless THA and factors affecting the 
stem subsidence. BMC Musculoskelet Disord 20(1):604. https://​
doi.​org/​10.​1186/​s12891-​019-​2980-7

	33.	 Nieuwenhuijse MJ, Valstar ER, Kaptein BL, Nelissen RG (2012) 
The Exeter femoral stem continues to migrate during its first dec-
ade after implantation: 10–12 years of follow-up with radiostereo-
metric analysis (RSA). Acta Orthop 83(2):129–134. https://​doi.​
org/​10.​3109/​17453​674.​2012.​672093

	34.	 Critchley O, Callary S, Mercer G, Campbell D, Wilson C (2020) 
Long-term migration characteristics of the Corail hydroxyapatite-
coated femoral stem: a 14-year radiostereometric analysis follow-
up study. Arch Orthop Trauma Surg 140(1):121–127. https://​doi.​
org/​10.​1007/​s00402-​019-​03291-8

	35.	 Reinbacher P, Smolle MA, Friesenbichler J, Draschl A, Leith-
ner A, Maurer-Ertl W (2022) Three-year migration analysis of 
a new metaphyseal anchoring short femoral stem in THA using 
EBRA-FCA. Sci Rep 12(1):17173. https://​doi.​org/​10.​1038/​
s41598-​022-​22160-w

	36.	 Aro E, Alm JJ, Moritz N, Mattila K, Aro HT (2018) Good sta-
bility of a cementless, anatomically designed femoral stem in 
aging women: a 9-year RSA study of 32 patients. Acta Orthop 
89(5):490–495. https://​doi.​org/​10.​1080/​17453​674.​2018.​14909​85

	37.	 Ries C, Boese CK, Dietrich F, Miehlke W, Heisel C (2019) 
Femoral stem subsidence in cementless total hip arthroplasty: 

a retrospective single-centre study. Int Orthop 43(2):307–314. 
https://​doi.​org/​10.​1007/​s00264-​018-​4020-x

	38.	 Krismer M, Biedermann R, Stockl B, Fischer M, Bauer R, Haid C 
(1999) The prediction of failure of the stem in THR by measure-
ment of early migration using EBRA-FCA. Einzel-Bild-Roent-
gen-Analyse-femoral component analysis. J Bone Joint Surg Br 
81(2):273–280. https://​doi.​org/​10.​1302/​0301-​620x.​81b2.​8840

	39.	 Hasler J, Flury A, Dimitriou D, Holweg I, Helmy N, Finsterwald 
M (2021) Mid-term subsidence and periprosthetic radiolucency of 
the AMIStem: a 5-year EBRA-FCA analysis. J Orthop Surg Res 
16(1):19. https://​doi.​org/​10.​1186/​s13018-​020-​02104-8

	40.	 van der Voort P, Pijls BG, Nieuwenhuijse MJ, Jasper J, Fiocco M, 
Plevier JW, Middeldorp S, Valstar ER, Nelissen RG (2015) Early 
subsidence of shape-closed hip arthroplasty stems is associated 
with late revision. A systematic review and meta-analysis of 24 
RSA studies and 56 survival studies. Acta Orthop 86(5):575–585. 
https://​doi.​org/​10.​3109/​17453​674.​2015.​10438​32

	41.	 Callaghan JJ, Fulghum CS, Glisson RR, Stranne SK (1992) 
The effect of femoral stem geometry on interface motion in 
uncemented porous-coated total hip prostheses. Comparison of 
straight-stem and curved-stem designs. J Bone Joint Surg Am 
74(6):839–848

	42.	 Teeter MG, McCalden RW, Yuan X, MacDonald SJ, Naudie 
DD (2018) Predictive accuracy of RSA migration thresholds for 
cemented total hip arthroplasty stem designs. Hip Int 28(4):363–
368. https://​doi.​org/​10.​1177/​11207​00018​762179

	43.	 Nazari-Farsani S, Vuopio M, Loyttyniemi E, Aro HT (2021) Con-
tributing factors to the initial femoral stem migration in cement-
less total hip arthroplasty of postmenopausal women. J Biomech 
117:110262. https://​doi.​org/​10.​1016/j.​jbiom​ech.​2021.​110262

	44.	 Ebert JR, Nivbrant NO, Petrov V, Yates P, Wood DJ (2022) A 
2-year prospective clinical and bone density evaluation, with a 
subset undergoing radiostereometric analysis, using the absolut 
cemented stem. ANZ J Surg 92(4):830–836. https://​doi.​org/​10.​
1111/​ans.​17519

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

https://doi.org/10.1097/MPA.0b013e31805c177b
https://doi.org/10.1097/MPA.0b013e31805c177b
https://doi.org/10.1136/bmj.f7592
https://doi.org/10.1016/j.jbiomech.2010.10.012
https://doi.org/10.1016/j.jbiomech.2010.10.012
https://doi.org/10.1055/s-0040-1721120
https://doi.org/10.1055/s-0040-1721120
https://doi.org/10.1186/s12891-019-2980-7
https://doi.org/10.1186/s12891-019-2980-7
https://doi.org/10.3109/17453674.2012.672093
https://doi.org/10.3109/17453674.2012.672093
https://doi.org/10.1007/s00402-019-03291-8
https://doi.org/10.1007/s00402-019-03291-8
https://doi.org/10.1038/s41598-022-22160-w
https://doi.org/10.1038/s41598-022-22160-w
https://doi.org/10.1080/17453674.2018.1490985
https://doi.org/10.1007/s00264-018-4020-x
https://doi.org/10.1302/0301-620x.81b2.8840
https://doi.org/10.1186/s13018-020-02104-8
https://doi.org/10.3109/17453674.2015.1043832
https://doi.org/10.1177/1120700018762179
https://doi.org/10.1016/j.jbiomech.2021.110262
https://doi.org/10.1111/ans.17519
https://doi.org/10.1111/ans.17519

	Demographic characteristics influencing the stem subsidence in total hip arthroplasty: an imaging study
	Abstract
	Introduction 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Study design
	Eligibility criteria
	Surgical technique
	Outcomes of interest
	Statistical analysis

	Results
	Recruitment process
	Patient demographics
	Outcomes of interest
	Pairwise correlations
	Subgroup analysis: women vs men

	Discussion
	Conclusion
	Anchor 22
	Acknowledgements 
	References


