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Abstract

Background Excessive early migration of cemented

stems and cups after THA has been associated with poor

long-term survival and allows predictable evaluation of

implant performance. However, there are few data

regarding the relationship between early migration and

aseptic loosening of cementless femoral components, and

whether early migration might predict late failure has not

been evaluated, to our knowledge. Einzel-Bild-Röntgen-

Analyse-femoral component analysis (EBRA-FCA) is a

validated technique to accurately measure axial femoral

stem migration without the need for tantalum markers, can

be performed retrospectively, and may be a suitable tool to

identify poor performing implants before their widespread

use.

Questions/purposes We asked: (1) Is axial migration

within the first 24 months as assessed by EBRA-FCA

greater among cementless stems that develop aseptic

loosening than those that remain well fixed through the

second decade; (2) what is the diagnostic performance of

implant migration at 24 months postoperatively to predict

later aseptic loosening of these components; and (3) how

does long-term stem survivorship compare between groups

with high and low early migration?

Methods We evaluated early axial stem migration in 158

cementless THAs using EBRA-FCA. The EBRA-FCA

measurements were performed during the first week post-

operatively (baseline measurement) and at regular

followups of 3, 6, and 12 months postoperatively and

annually thereafter. The mean duration of followup was 21

years (range, 18–24 years). The stems studied represented

45% (158 of 354) of the cementless THAs performed

during that time, and cementless THAs represented 34%

(354 of 1038) of the THA practice during that period. No

patient enrolled in this study was lost to followup. Multi-

variate survivorship analysis using Cox’s regression model
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was performed with an endpoint of aseptic loosening of the

femoral component. Loosening was defined according to

the criteria described by Engh et al. and assessed by two

independent observers. Patients with a diagnosis of pros-

thetic joint infection were excluded. Receiver operating

characteristic (ROC) curve analysis was used to evaluate

diagnostic performance of axial stem migration 1, 2, 3, and

4 years postoperatively as a predictor of aseptic loosening.

Survivorship of hips with high (C 2.7 mm) and low (\2.7

mm) migration was compared using a competing-events

analysis.

Results Femoral components that had aseptic loosening

develop showed greater mean distal migration at 24 months

postoperatively than did components that remained well

fixed throughout the surveillance period (4.2 mm ± 3.1

mm vs 0.8 mm ± 0.9 mm; mean difference, 3.4 mm, 95%

CI, 2.5–4.4; p B 0.001). Distal migration at 24 months

postoperatively was a strong risk factor for aseptic loos-

ening (hazard ratio, 1.98; 95% CI, 1.51–2.57; p\ 0.001).

The associated overall diagnostic performance of 2-year

distal migration for predicting aseptic loosening was good

(area under the ROC curve, 0.86; 95% CI, 0.72–1.00; p\
0.001). Sensitivity of early migration measurement was

high for the prediction of aseptic loosening during the first

decade after surgery but decreased markedly thereafter.

Stems with large amounts of early migration (C 2.7 mm)

had lower 18-year survivorship than did stems with little

early migration (29% [95% CI, 0%–62%] versus 95%

[95% CI, 90%–100%] p\ 0.001).

Conclusions Early migration, as measured by EBRA-

FCA at 2 years postoperatively, has good diagnostic

capabilities for detection of uncemented femoral compo-

nents at risk for aseptic loosening during the first and early

second decades after surgery. However, there was no

relationship between early migration patterns and aseptic

loosening during the late second and third decades. EBRA-

FCA can be used as a research tool to evaluate new

cementless stems or in clinical practice to evaluate

migration patterns in patients with painful femoral

components.

Level of Evidence Level III, diagnostic study.

Introduction

Aseptic loosening is one of the main reasons for implant

failure in THAs [1, 12, 13]. However, prediction of long-

term implant performance is difficult and definitive results

regarding aseptic loosening are available only after lengthy

followup [24, 32, 33]. Widespread use of poor-performing

implants might occur before these results are available [7,

8]. Therefore, reliable methods are needed to predict

aseptic loosening and allow early evaluation of long-term

implant performance during the first years after implanta-

tion. Roentgen stereophotogrammetric analysis (RSA)

generally is accepted as the gold standard in migration

measurement, especially regarding accuracy and three-di-

mensional (3-D) migration measurement. Another

validated and frequently used technique for measurement

of distal stem migration is Einzel-Bild-Röntgen-Analyse-

femoral component analysis (EBRA-FCA), which also

allows accurate measurement of femoral stem subsidence

[4] without the need for implanting tantalum markers [5,

38] and can be performed retrospectively using standard

radiographs. The EBRA method is a software-based

method using digitized radiographs and differs from other

non-RSA measurement systems as it contains an algorithm

(termed the comparability limit) that excludes radiographs

from a patient’s measurement series that have more than a

preset level of positioning or rotational error and reduces

variability secondary to patient positioning [4]. The sys-

temic error of the method when compared with the RSA

method is low [4], Cronbach‘s coefficient a for the inter-

observer variance is reportedly 0.84 [4], and the method

was shown to have sufficient precision to detect clinically

relevant migration [39]. EBRA-FCA therefore is well sui-

ted especially for large patient cohorts and retrospective

studies.

The prognostic value of excessive early migration

within 1 to 2 years postoperatively for early aseptic loos-

ening and mid-term survival has been shown for different

cemented stems and cups using different measurement

methods [11, 14, 17, 19, 23, 24]. However, there are only a

few studies regarding the diagnostic performance of early

migration as a predictor for aseptic loosening using unce-

mented femoral components [11, 17, 19] and, as shown in a

recent review by van der Voort et al. [36], the published

research is insufficient to support robust conclusions. Fur-

thermore, to our knowledge, there are no long-term data

regarding the diagnostic performance of early migration as

a predictor for aseptic loosening beyond 10 years, and none

of the previous studies focused on this association exclu-

sively for uncemented stems. Therefore, we used EBRA-

FCA to evaluate the relationship between early axial

migration within 1 to 4 years postoperatively and the long-

term survival of an uncemented femoral component

regarding failure resulting from aseptic loosening during a

mean period of 21 years.

Specifically, we asked: (1) Is axial migration within the

first 24 months as assessed by EBRA-FCA greater among

cementless stems that have aseptic loosening develop than

those that remain well fixed through the second decade; (2)

what is the diagnostic performance of implant migration 24

months postoperatively to predict later aseptic loosening of

these components; and (3) how does long-term stem
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survivorship compare between groups with high and low

early migration?

Patients and Methods

Between January 1985 and December 1989, we performed

1038 THAs, of which 34% (354/1038 THAs) were

cementless. From our institutional database we identified

139 patients with 158 hips (45%, 158/354 THAs) who had

undergone cementless THAs and satisfied the following

inclusion criteria for this study: (1) THA using the

cementless CLS1 Spotorno1 stem (Zimmer Inc, Warsaw,

IN, USA); the FDA has cleared this femoral component for

use in the United States; indications for this device were

the absence of severe femoral canal deformity and ade-

quate bone stock for uncemented fixation using the Singh

index as described by Spotorno et al. [31]; (2) a radiograph

made within the first week postoperatively (used as base-

line measurement); and (3) sufficient quality of the

radiographs assessed by the distinct legibility of the ref-

erence points needed for migration analysis with EBRA-

FCA.

Of those accounted for, 158 hips underwent analysis for

axial stem migration using the EBRA-FCA software (Ein-

Bild-Röntgen-Analyse-Femurkomponenten-Analyse, Inns-

bruck, Austria) [4], as described previously [19]. The

EBRA-FCA measurements were performed during the first

week postoperatively (baseline measurement) and at the

regular followups of 3, 6, and 12 months postoperatively

and annually thereafter. Details of the analysis are de-

scribed below in Statistical Analysis. The mean followup

was 21 years (range, 18–24 years). One hundred of the 158

hips included in this study (63%) had at least four radio-

graphs accepted by EBRA-FCA during followup,

providing at least three measurements for statistical anal-

ysis (first radiograph is set as baseline) and were included

for further assessment, whereas 58 hips were rejected by

EBRA-FCA for reasons which could not be influenced by

the authors (Fig. 1).

To ensure high accuracy (B ±1.5 mm), EBRA-FCA

excludes radiographs that do not meet standards deter-

mined for comparability, and a minimum of four

radiographs per patient is recommended [4, 18].

However, complete clinical and radiologic followup was

available for all 139 patients (158 THAs), and no patient

was lost to followup. Further, the hips analyzed (n = 100)

were not different from those not analyzed (n = 58) in any

important or systematic ways (Table 1). At the time of final

followup, 50 patients had died after a mean of 14.4 years

postoperatively (range, 2–24 years).

All hips without clinical or radiologic signs of aseptic

loosening and a radiologic followup greater than 10 years

were included in the control group (Group 1), whereas all

hips with aseptic loosening were assigned to the case group

(Group 2; Table 2). Loosening was defined according to

the criteria described by Engh et al. [10] and assessed by

two independent observers (MRS, DH) using conventional

radiographs (pelvis AP and hip lateral views); in this study,

there was agreement between the reviewers in each case. In

all hips included in Group 2 (aseptic loosening), loosening

was confirmed intraoperatively during revision surgery.

Patients with a diagnosis of prosthetic joint infection,

defined according to the criteria described by Parvizi et al.

[25], were excluded. For inclusion of hips as a control

(control group), a minimum radiologic followup of 10

years was required, because we aimed to rule out late

aseptic loosening or death before aseptic loosening became

evident. If radiographic followup was less than 10 years, in

most cases attributable to death before 10 years followup

(n =15 hips; Fig 1), these hips were excluded from the

control group, as this group should represent the hips that

remain well fixed in the long-term ([ 10 years). For

example, if a patient with a well-fixed hip has only 5 years

of followup as the patient died before the next regular

followup, but we obtained enough radiographs accepted by

EBRA, it would be possible to include the migration results

of this patient in the final analysis and to assign this patient

to the control group. However, we decided not to do so, as

in this case we do not know if the stem would have been

well fixed after 10 or more years and therefore this might

introduce a bias in our results. As previously described, 15

hips were excluded from the control group because of this

criterion; none was lost to followup, leaving 73 hips (67

patients) in the control group (Group 1). Twelve of 158

hips underwent revision surgery during the followup per-

iod, one for septic loosening of the implant and two for

periprosthetic femoral fracture after trauma unrelated to

implant loosening. Nine stems (nine patients) had to be

revised because of aseptic stem loosening (Group 2) after a

mean of 10 years (range, 3–17 years) (Fig. 1). Complete

migration data were obtained for all hips with aseptic

femoral loosening. In the final analysis, the axial migration

of 82 hips (52%) was included based on a mean of 10.3

(range, 4–23) radiographs per patient (Table 2). The vari-

ation in the number of EBRA-FCA measurements was

inevitable as some patients were followed into the third

decade after surgery and had up to 23 measurements,

whereas other patients underwent early revision surgery

and had only a minimum of four measurements.

All 139 patients (158 hips) received an uncemented grit-

blasted, tapered titanium femoral stem (CLS1 Spotorno1

stem). The mean age of the patients at surgery was 56

years. Of the 158 hips, 155 (98%) underwent acetabular

reconstruction using smooth and uncemented threaded

cups: 103 hips (65%) received threaded, spherical, and
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uncemented Mecron cups (Mecron GmbH, Berlin, Ger-

many) and 52 hips (33%) received a threaded, conical,

uncemented Weill ring (Zimmer Inc); two hips (1%)

received cemented cups (B. Braun Aesculap, Tuttlingen,

Germany). The surgical procedures were performed by

multiple surgeons at one institution. The operative tech-

nique and postoperative regimen with this implant have

been described [32].

Followup

Patients were followed at regular intervals of 3, 6, and 12

months postoperatively and annually thereafter. At the time

of final followup, 50 patients had died. No patients were

lost to followup. Conventional AP pelvis and lateral

radiographs of the hip were obtained during the first week

after surgery, at the followups, and when indicated. Analog

radiographs were digitalized at 150 dpi (ScanMaker

1000XL; Microtek, Hsinchu, Taiwan) resolution, converted

to jpeg format, and integrated in the clinical database.

Statistical Analysis

Data were interpolated using a polynomial regression

model fitted to each patient’s migration data received by

EBRA-FCA to calculate the migration rate at equal times

as described previously [3, 27, 28]. We used a polynomial-

based analysis to account for the fact that the stem subsides

somewhat during the first weeks or months after implan-

tation, but that later migration usually slows down and

Fig. 1 The flowchart shows the distribution of hips to the different groups.
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stem subsidence usually does not follow a linear pattern.

Data interpolation was necessary as postoperative radio-

graphs were not always taken exactly at 12, 24, 36, and 48

months. Multivariate survivorship analysis using Cox’

regression model was performed with an endpoint of

aseptic loosening of the femoral component for the risk

factors migration rate at 1, 2, 3, and 4 years postoperatively

and age at surgery. Receiver operating characteristic

(ROC) curve analysis was used to evaluate diagnostic

performance of axial stem migration 1, 2, 3, and 4 years

postoperatively as a predictor of late aseptic loosening. The

optimal cutoff to determine acceptable early migration in

this cohort was calculated by the Youden index [2]. A

competing risk model [15, 21] was used to estimate long-

term survival of stems with large early distal migration

compared with stems with little early distal migration at 2

years with the endpoint ‘‘aseptic stem loosening’’, stems

were assigned to groups of high and low early migration

according to the calculated cutoff. We considered p values

less than 0.05 to be significant. SPSS1 Version 17.0 (SPSS

Inc, Chicago, IL, USA), GraphPad Prism1 Version 6.01

(GraphPad Software, La Jolla, CA, USA), Bias für Win-

dows 11.021 (Epsilon-Verlag, Darmstadt, Germany), and

the R Statistical Software Package (http://www.r-project.

org) were used to record and analyze the data.

Informed consent for inclusion in our center’s research

database was obtained from all patients. Procedures

followed were approved by the institutional review board

of the University of Heidelberg (346/2004) and the study

was conducted in accordance with the Helsinki Declaration

of 1975, as revised in 2008.

Results

Stems that had aseptic loosening develop during the long-

term followup showed greater early mean axial stem

migration as measured by EBRA-FCA at 1, 2, 3, and 4

years postoperatively than did stems that remained well

fixed (Fig. 2). Mean migration at 1 year postoperatively

was 0.5 mm ± 0.7 mm among stems without loosening

(Group 1) and 2.2 mm ±1.5 mm among stems with aseptic

loosening (Group 2), respectively (mean difference, 1.7

mm; 95% CI, 1.1–2.3; p B 0.001). Two years postopera-

tively, a mean migration of 0.8 mm ± 0.9 mm was

measured in Group 1 and 4.2 mm ± 3.1 mm in Group 2,

respectively (mean difference, 3.4 mm; 95% CI, 2.5–4.4; p

B 0.001) (Table 3). Evaluation of the individual migration

pattern of the failed stems revealed the differences between

early and late aseptic loosening (Fig. 3). Five of nine failed

stems showed excessive migration during the first 4 post-

operative years. These implants showed a mean migration

of 6.7 mm ± 1.1 mm 2 years postoperatively and had to be

revised after a mean of 80 months (range, 37–153 months)

Table 1. Distribution of characteristics in analyzed and not analyzed cases

Variable Hips analyzed Hips not analyzed Mean difference (95% CI) p value

Total number of hips 100 58

Male 44 (44%) 32 (55.1%)

Female 56 (56%) 26 (44.9%) 0.176#

Mean age of patients at time of surgery (years) 56 ± 9.0 55 ± 11.0 1.1 (�2.0 to 4.3) 0.489§

Clinical followup (years) 21 ± 2.0 21 ± 1.5 0.4 (�0.4 to 1.2) 0.364§

Cumulative incidence of aseptic stem loosening at 20 years (%) 9.9% (5.3–18.3) 6.3% (2.1–18.5) 0.420}

95% CI in parentheses; # chi-square test; §t-test; } log-rank test.

Table 2. Distribution of characteristics in both groups

Variable Total cohort

(number; %)

Group 1 (number; %)

(control group)

Group 2 (number; (%)

(aseptic loosening)

Hips 82 (100%) 73 (89%) 9 (11%)

Male 39 (48%) 33 (45%) 6 (67%)

Female 43 (52%) 40 (55%) 3 (33%)

Age of patients at time of surgery (years) 55 (23–74) 56 (33–74) 53 (23–63)

Mean clinical followup (months) 228 (36–288) 246 (144–288) 120 (36–204)

Mean radiologic followup (months) 198 (36–293) 211 (116–293) 94 (36–154)

Mean number of radiographs per hip 10.3 (4–23) 10.7 (5–23) 7.3 (4–11)

Ranges in parentheses.
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after implantation. Four stems showed a result similar to

those of the well-performing stems with a mean migration

of 1.1 mm ± 0.5 mm 2 years postoperatively (mean dif-

ference, 5.6 mm; 95% CI, 4.2–7.0; p\0.001). These stems

had to be revised markedly later owing to late aseptic

loosening after a mean of 175 months (range, 117–207

months). The axial stem migration 1 and 2 years postop-

eratively appeared to be the strongest risk factor for aseptic

loosening. The Cox’ regression model showed a hazard

ratio of 2.39 (95% CI, 1.95–3.46; p\0.001) for axial stem

migration per millimeter 1 year after implantation and 1.98

(95% CI, 1.51–2.57; p \ 0.001) for migration 2 years

postoperatively.

The diagnostic performance of migration measurement

using EBRA-FCA at 2 years postoperatively for predicting

later aseptic loosening was good (area under the curve,

0.86; 95% CI, 0.72–0.99; p \ 0.001) (Fig. 4). Using a

maximum Youden index, we determined a cutoff value of

2.7 mm at 2 years postoperatively, detecting future aseptic

loosening with a sensitivity of 56% and a specificity of

99%. In a second analysis, this cutoff was used to calculate

sensitivity of migration measurement 2 years

postoperatively in prediction of aseptic failure regarding

the entire observation period (Fig. 5). The sensitivity of the

threshold decreased subsequently with a prolonged period

between primary and revision surgeries because excessive

migration was the predominant pattern for short-term and

mid-term failure.

Stems with large amounts of early distal migration (C

2.7 mm) had lower 18-year survivorship than did stems

with little early distal migration (29% [95% CI, 0%–62%]

versus 95% [95% CI, 90%–100%], log-rank test, p \
0.001) (Fig. 6).

Discussion

Aseptic loosening is a common cause of late revision after

THA [1, 12, 13]. Reliable and clinically applicable meth-

ods are needed to predict aseptic loosening and allow early

Fig. 3 This graph shows the axial migration of the individual

components during the first 48 postoperative months. All failed

components (n = 9) are shown by solid red lines. Mean migration of

well-performing stems (n = 73) is shown by the solid blue line. The

blue shaded area contains the 95% range of axial migration shown by

all well-performing stems.

Fig. 2 This graph shows the mean axial migration of the failed (n =

9) and nonfailed stems (n = 73) during the first 48 postoperative

months. Mean migration of the failed components is shown by the

solid red line, whereas the mean migration of the well-performing

stems is indicated by the solid blue line.

Table 3. Mean migration (± SD) in both groups at different times (95% CI)

Point of measurement

in months

Mean migration in Group 1

(control group) (mm)

Mean migration in Group 2

(aseptic loosening) (mm)

Mean difference

(95% CI)

p value (Wilcoxon)

12 0.5 ± 0.7 2.2 ± 1.5 1.7 (1.1–2.3) 0.001

24 0.8 ± 0.9 4.2 ± 3.1 3.4 (2.5–4.4) \ 0.001

36 1.0 ± 1.1 6.0 ± 4.7 5.0 (3.8–6.3) \ 0.001

48 1.1 ± 1.1 7.7 ± 6.5 6.8 (5.2–8.4) 0.001
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evaluation of long-term implant performance. RSA is

accurate, but expensive, feasible only for prospective study

designs, and impractical for long-term studies with large

patient populations. EBRA-FCA may be a suitable alter-

native as it also allows accurate measurement of femoral

stem subsidence [4] without the need for implanting tan-

talum markers [5] and can be performed retrospectively

using standard radiographs. However, to our knowledge

there are only four studies that investigated the association

between early migration of the femoral component in

THAs and stem survival [11, 14, 17, 19]. Whereas early

migration measurement is commonly recommended as a

valuable tool to detect unsafe and poor-performing

implants early and to prevent their widespread use [16, 30],

there is a lack of studies that correlate early migration and

late implant loosening in the same patient cohort, particu-

larly regarding long-term observations ([ 10 years) [36].

Furthermore, and even more important, none of these

previous studies [11, 14, 17, 19] investigated this rela-

tionship exclusively for cementless femoral stems. All

femoral stems, cemented or cementless, migrate to some

extent during the first year, but thereafter, the migration

slows in well-functioning stems. Continuing rapid early

migration is said to be predictive of loosening [22]. How-

ever, the absolute early migration is different depending on

the stem design [6, 22, 23, 29, 34–37]. We found that early

migration, as measured by EBRA-FCA at 2 years postop-

eratively, can identify uncemented femoral components at

risk for aseptic loosening during early and mid-term fol-

lowup, but did not predict aseptic loosening in the late

second and third decades.

There are several limitations to this study. First, EBRA-

FCA is able to measure only distal implant migration and

differences in the stem axis to varus position, whereas RSA

is able to measure 3-D migration, notably posterior head

migration, and it has a higher accuracy. However, when

compared with the RSA-based migration data published on

the CLS1 stem [23, 24], our mean migration found at 1

and 2 years compares well with that from RSA studies

using the CLS1 stem; therefore, we believe our measure-

ments are accurate. Second, the high dropout rate is a

limitation of our study. However, the dropout rate is

influenced mainly by exclusion of noncomparable radio-

graphs resulting from the EBRA algorithm, which is

unlikely to inject any sort of systematic bias (Table 3).

Specifically, the hips analyzed were not different from

those not analyzed in key areas such as age, sex, duration

of followup, and cumulative incidence of stem loosening.

In addition, when compared with other migration analysis

studies using EBRA-FCA [9, 19, 38], our dropout rate was

lower. We also recognize a possible bias because the

acetabular components used in this cohort showed a high

rate of aseptic loosening [7, 8], as patients with cup loos-

ening might reduce their activity which could influence

wear and aseptic loosening of the stem; surgery for cup

loosening also might have an influence on stem revision

rate. Further, the migration threshold of 2.7 mm in this

study using a single stem design might not apply to other

stem designs, since such thresholds are almost certainly

implant-specific. However, the concept that such a

threshold exists may be a generalizable principle, and large

amounts of early subsidence likely will be found that could

predict loosening in other designs, although future studies

will need to evaluate this in more-specific terms. Finally,

Fig. 4 The receiver operating characteristic (ROC) curve for axial

stem migration at 24 months postoperatively is shown.

Fig. 5 This graph shows the sensitivity of early migration measure-

ment to predict later aseptic implant failure with a cutoff of 2.7 mm at

2 years postoperatively. Sensitivity decreases with an extended period

between implantation and aseptic failure.
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we are aware that early migration can predict only aseptic

loosening, whereas other failure mechanisms (such as wear

and osteolysis) are not evaluated by implant migration

measurements.

This study shows a clinically relevant association

between early distal migration of cementless femoral

stems, as measured with EBRA-FCA, and aseptic femoral

loosening at long-term followup. Each millimeter of distal

migration at 2 years postoperatively was associated with an

approximately twofold greater risk for aseptic loosening.

The prognostic value of excessive early migration within 1

to 2 years postoperatively for early aseptic loosening and

mid-term survival has been shown for different cemented

stems and cups using different measurement methods [11,

14, 17, 19, 23, 24, 26]. Krismer et al. [19] reported an

association between early migration and loosening during

the first decade after surgery in a mixed study combining

cemented and uncemented stems. However, we are not

aware of any previous study focusing on this association

exclusively for uncemented stems. In a recent review and

meta-analysis, van der Voort et al. [36] found a clinically

relevant association between early subsidence of cemented

shape-closed femoral stems and late revision for aseptic

loosening. For every 0.1 mm increase in 2-year subsidence,

there was a 4.2% increase in the aseptic revision rate at 10

years. They also concluded that the published research is

not sufficient to allow any conclusions regarding such an

association for cemented force-closed and uncemented

stems [36]. Considering our findings, we believe that the

observed association in our study between early migration

and long-term aseptic loosening on uncemented femoral

stems should be adopted in phased evidence-based market

introduction of new cementless stems, particularly of short-

stem prostheses.

The overall diagnostic performance of early distal

migration calculated during the entire timespan to predict

aseptic loosening was good. However, if calculated for

early- and mid-term failure only, it would be excellent

because the sensitivity was very high during the first de-

cade and decreased during the second decade (Fig. 5). This

finding is consistent with those of a previous study in

which a decrease in the sensitivity of early migration as a

predictor of later failure in the long term was reported [20].

Implants with late aseptic failure rarely showed early-onset

migration and would not have been detected even by a very

low migration threshold. We found that the early migration

pattern in these stems was not different from the pattern

observed in well-functioning stems (Fig. 3). Therefore, we

believe that primary stability was sufficient, and initial

osseointegration was effective, but secondary stability was

compromised by other factors such as bone loss and

remodeling or osteolysis. Late-onset migration represents a

fatigue failure of the bone-implant interface in cementless

stems. Our study shows that if late-onset migration occurs

with the cementless stem we studied, it also might exist for

others. However, because of the high sensitivity of

detecting failure in the short- and mid-term, early migra-

tion measurements of cementless femoral components are a

reliable screening method. Various migration thresholds

have been proposed for different cemented stem designs

[11, 14, 17, 19]. Compared with previous migration

thresholds proposed for cemented implants, we found that a

Fig. 6 The survivorship curve obtained by competing risk analysis

for stems migrating more or less than 2.7 mm during the first 2 years

with femoral revision for aseptic loosening as the endpoint is shown.

Eighteen-year survival was estimated at 95% for hips with less than

2.7 mm axial migration at 2 years postoperatively and at 29% for hips

migrating 2.7 mm or more, respectively (log-rank test, p\ 0.001).
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relatively high threshold of 2.7 mm at 2 years postopera-

tively had the best diagnostic performance to predict

aseptic loosening using a cementless stem. The lower

thresholds proposed mainly for cemented prostheses were

inappropriate in this long-term study. As previously shown,

migration of cementless stems is related to several design

features and minor modifications might have an important

effect on their early migration rate. One example is the

higher migration of the Furlong1 Active stem (JRI

Orthopaedics Ltd, London, UK) without a collar compared

with the Furlong1 H-A.C. stem with a collar [29, 37].

Because several factors influence the extent of early

migration, we believe it is difficult to define definite limits

on absolute implant early migration to predict long-term

survival. Stabilization of early migration might be more

appropriate than the absolute value of migration for iden-

tification of unsafe uncemented stems [36].

Compared with stems with low early distal migration,

those with migration of 2.7 mm or greater had a markedly

lower survival at long-term followup. The obvious differ-

ence in survival rates after 18 years in both groups

illustrates the clinical significance of predicting long-term

results using short-term migration data (Fig. 6). To our

knowledge, there are two published studies reporting stem

survival data after early migration analysis in the same

cohort. Krismer et al. [19] reported a significantly lower

10-year survival in an EBRA-FCA analysis for stems

(mixed cohort of cemented and uncemented prostheses)

subsiding more than 1.5 mm after 2 years. Freeman and

Plante-Bordeneuve [11] found a significantly lower 8-year

survival for femoral stems subsiding more than 1.2 mm

after 2 years, again in a mixed cohort of cemented and

uncemented stems.

Our study shows that early migration analysis, espe-

cially the individual analysis of early migration patterns,

is a potentially useful tool to predict long-term survival

of cementless femoral components. Although its diag-

nostic performance to predict loosening in the early- and

mid-term was excellent, aseptic loosening during the late

second and third decades could not be predicted by early

migration measurement with EBRA-FCA. Future studies

should evaluate more implant-specific migration data for

uncemented stem designs in large patient cohorts, either

retrospectively using EBRA-FCA, preferably in cohorts

that were closely followed into the second or third de-

cade postoperatively, or prospectively using RSA for

implants with known long-term results, so that the

association between early migration and late aseptic

revision can be assessed using a weighted regression

model [36].

Acknowledgments We thank Prof Dr Volker Ewerbeck MD, PhD

(Clinic of Orthopaedic and Trauma Surgery, Center for Orthopaedics,

Trauma Surgery and Spinal Cord Injury, University of Heidelberg,

Heidelberg, Germany) for his inspiring mentorship and help with

interpretation of the data.

References

1. Australian Orthopaedic Association National Joint Replacement

Registry. Annual Report. Adelaide. 2013. Available at: https://

aoanjrr.sahmri.com/documents/10180/127202/Annual%20Report%

202013?version=1.2&t=1385685288617. Accessed March 26,

2016.

2. Akobeng AK. Understanding diagnostic tests 3: receiver operat-

ing characteristic curves. Acta Paediatr. 2007;96:644–647.

3. Barker PA, Street-Perrott FA, Leng MJ, Greenwood PB, Swain

DL, Perrott RA, Telford RJ, Ficken KJ. A 14,000-year oxygen

isotope record from diatom silica in two alpine lakes on Mt.

Kenya. Science. 2001;292:2307–2310.

4. Biedermann R, Krismer M, Stockl B, Mayrhofer P, Ornstein E,

Franzen H. Accuracy of EBRA-FCA in the measurement of

migration of femoral components of total hip replacement: Ein-

zel-Bild-Rontgen-Analyse-femoral component analysis. J Bone

Joint Surg Br. 1999;81:266–272.

5. Biedermann R, Stockl B, Krismer M, Mayrhofer P, Ornstein E,

Franzen H. Evaluation of accuracy and precision of bone markers for

the measurement of migration of hip prostheses: a comparison of

conventional measurements. J Bone Joint Surg Br. 2001;83:767–771.

6. Bottner F, Zawadsky M, Su EP, Bostrom M, Palm L, Ryd L,

Sculco TP. Implant migration after early weightbearing in

cementless hip replacement. Clin Orthop Relat Res. 2005;436:

132–137.

7. Clarius M, Jung AW, Raiss P, Streit MR, Merle C, Aldinger PR.

Long-term results of the threaded Weill cup in primary total hip

arthroplasty: a 15-20-year follow-up study. Int Orthop. 2010;34:

943–948.

8. Clarius M, Jung AW, Streit MR, Merle C, Raiss P, Aldinger PR.

Long-term results of the threaded Mecron cup in primary total hip

arthroplasty: a 15-20-year follow-up study. Int Orthop. 2010;34:

1093–1098.

9. Eingartner C, Heigele T, Dieter J, Winter E, Weise K. Long-term

results with the BiCONTACT system: aspects to investigate and

to learn from. Int Orthop. 2003;27(suppl 1):S11–15.

10. Engh CA, Bobyn JD, Glassman AH. Porous-coated hip replace-

ment: the factors governing bone ingrowth, stress shielding, and

clinical results. J Bone Joint Surg Br. 1987;69:45–55.

11. Freeman MA, Plante-Bordeneuve P. Early migration and late

aseptic failure of proximal femoral prostheses. J Bone Joint Surg

Br. 1994;76:432–438.

12. Garellick G, Karrholm J, Rogmark C, Rolfson O, Herberts P.

Swedish Hip Arthroplasty Register - Annual Report 2011.

Goteborg. 2011. Available at: http://www.shpr.se/Libraries/Docu

ments/%C3%85rsrapport_2011_eng_webb.sflb.ashx. Accessed

March 26, 2016.

13. Havelin LI, Fenstad AM, Salomonsson R, Mehnert F, Furnes O,

Overgaard S, Pedersen AB, Herberts P, Karrholm J, Garellick G.

The Nordic Arthroplasty Register Association: a unique collab-

oration between 3 national hip arthroplasty registries with

280,201 THRs. Acta Orthop. 2009;80:393–401.

14. Karrholm J, Borssen B, Lowenhielm G, Snorrason F. Does early

micromotion of femoral stem prostheses matter? 4-7-year

Volume 474, Number 7, July 2016 Early Migration Predicts Aseptic Loosening 1705

123

https://aoanjrr.sahmri.com/documents/10180/127202/Annual%2520Report%25202013%3fversion%3d1.2%26t%3d1385685288617
https://aoanjrr.sahmri.com/documents/10180/127202/Annual%2520Report%25202013%3fversion%3d1.2%26t%3d1385685288617
https://aoanjrr.sahmri.com/documents/10180/127202/Annual%2520Report%25202013%3fversion%3d1.2%26t%3d1385685288617
http://www.shpr.se/Libraries/Documents/%25C3%2585rsrapport_2011_eng_webb.sflb.ashx
http://www.shpr.se/Libraries/Documents/%25C3%2585rsrapport_2011_eng_webb.sflb.ashx


stereoradiographic follow-up of 84 cemented prostheses. J Bone

Joint Surg Br. 1994;76:912–917.

15. Keurentjes JC, Fiocco M, Schreurs BW, Pijls BG, Nouta KA,

Nelissen RG. Revision surgery is overestimated in hip replace-

ment. Bone Joint Res. 2012;1:258–262.

16. Klerken T, Mohaddes M, Nemes S, Karrholm J. High early

migration of the revised acetabular component is a predictor of

late cup loosening: 312 cup revisions followed with radiostere-

ometric analysis for 2-20 years. Hip Int. 2015;25:471–476.

17. Kobayashi A, Donnelly WJ, Scott G, Freeman MA. Early radi-

ological observations may predict the long-term survival of

femoral hip prostheses. J Bone Joint Surg Br. 1997;79:583–589.

18. Krismer M, Bauer R, Tschupik J, Mayrhofer P. EBRA: a method

to measure migration of acetabular components. J Biomech.

1995;28:1225–1236.

19. Krismer M, Biedermann R, Stockl B, Fischer M, Bauer R, Haid

C. The prediction of failure of the stem in THR by measurement

of early migration using EBRA-FCA: Einzel-Bild-Roentgen-

Analyse-femoral component analysis. J Bone Joint Surg Br.

1999;81:273–280.

20. Kroell A, Beaule P, Krismer M, Behensky H, Stoeckl B, Bie-

dermann R. Aseptic stem loosening in primary THA: migration

analysis of cemented and cementless fixation. Int Orthop.

2009;33:1501–1505.

21. Lacny S, Wilson T, Clement F, Roberts DJ, Faris PD, Ghali WA,

Marshall DA. Kaplan-Meier survival analysis overestimates the

risk of revision arthroplasty: a meta-analysis. Clin Orthop Relat

Res. 2015;473:3431–3442.

22. Murray DW, Gulati A, Gill HS. Ten-year RSA-measured migration

of the Exeter femoral stem. Bone Joint J. 2013;95:605–608.

23. Nieuwenhuijse MJ, Valstar ER, Kaptein BL, Nelissen RG. The

Exeter femoral stem continues to migrate during its first decade

after implantation: 10-12 years of follow-up with radiostereo-

metric analysis (RSA). Acta Orthop. 2012;83:129–134.

24. Nieuwenhuijse MJ, Valstar ER, Kaptein BL, Nelissen RG. Good

diagnostic performance of early migration as a predictor of late

aseptic loosening of acetabular cups: results from ten years of

follow-up with Roentgen stereophotogrammetric analysis (RSA).

J Bone Joint Surg Am. 2012;94:874–880.

25. Parvizi J, Zmistowski B, Berbari EF, Bauer TW, Springer BD,

Della Valle CJ, Garvin KL, Mont MA, Wongworawat MD,

Zalavras CG. New definition for periprosthetic joint infection:

from the Workgroup of the Musculoskeletal Infection Society.

Clin Orthop Relat Res. 2011;469:2992–2994.

26. Pijls BG, Nieuwenhuijse MJ, Fiocco M, Plevier JW, Middeldorp

S, Nelissen RG, Valstar ER. Early proximal migration of cups is

associated with late revision in THA: a systematic review and

meta-analysis of 26 RSA studies and 49 survivalstudies. Acta

Orthop. 2012;83:583–591.

27. Selesnick IW, Arnold S, Dantham VR. Polynomial smoothing of

time series with additive step discontinuities. Signal Processing,

IEEE Trans. 2012;60:6305–6318.

28. Shaw P, Greenstein D, Lerch J, Clasen L, Lenroot R, Gogtay N,

Evans A, Rapoport J, Giedd J. Intellectual ability and cortical

development in children and adolescents. Nature. 2006;440:676–

679.

29. Simpson DJ, Kendrick BJ, Hughes M, Glyn-Jones S, Gill HS,

Rushforth GF, Murray DW. The migration patterns of two ver-

sions of the Furlong cementless femoral stem: a randomised,

controlled trial using radiostereometric analysis. J Bone Joint

Surg Br. 2010;92:1356–1362.

30. Solomon LB, Studer P, Abrahams JM, Callary SA, Moran CR,

Stamenkov RB, Howie DW. Does cup-cage reconstruction with

oversized cups provide initial stability in THA for osteoporotic

acetabular fractures? Clin Orthop Relat Res. 2015;473:3811–

3819.

31. Spotorno L, Romagnoli S, Ivaldo N, Grappiolo G, Bibbiani E,

Blaha DJ, Gruen TA. The CLS system: theoretical concept and

results. Acta Orthop Belg. 1993;59(suppl 1):144–148.

32. Streit MR, Innmann MM, Merle C, Bruckner T, Aldinger PR,

Gotterbarm T. Long-term (20- to 25-year) results of an unce-

mented tapered titanium femoral component and factors affecting

survivorship. Clin Orthop Relat Res. 2013;471:3262–3269.

33. Streit MR, Weiss S, Andreas F, Bruckner T, Walker T, Kretzer JP,

Ewerbeck V, Merle C. 10-year results of the uncemented Allofit

press-fit cup in young patients. Acta Orthop. 2014;85:368–374.

34. Strom H, Nilsson O, Milbrink J, Mallmin H, Larsson S. Early

migration pattern of the uncemented CLS stem in total hip

arthroplasties. Clin Orthop Relat Res. 2007;454:127–132.

35. Strom H, Nilsson O, Milbrink J, Mallmin H, Larsson S. The effect of

early weight bearing on migration pattern of the uncemented

CLS stem in total hip arthroplasty. J Arthroplasty. 2007;22:1122–

1129.

36. van der Voort P, Pijls BG, Nieuwenhuijse MJ, Jasper J, Fiocco M,

Plevier JW, Middeldorp S, Valstar ER, Nelissen RG. Early sub-

sidence 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. 2015;86:1–11.

37. Weber E, Sundberg M, Flivik G. Design modifications of the

uncemented Furlong hip stem result in minor early subsidence but

do not affect further stability: a randomized controlled RSA study

with 5-year follow-up. Acta Orthop. 2014;85:556–561.

38. White CA, Carsen S, Rasuli K, Feibel RJ, Kim PR, Beaule PE.

High incidence of migration with poor initial fixation of the

Accolade stem. Clin Orthop Relat Res. 2012;470:410–417.

39. Wilkinson JM, Hamer AJ, Elson RA, Stockley I, Eastell R. Pre-

cision of EBRA-Digital software for monitoring implant migration

after total hip arthroplasty. J Arthroplasty. 2002;17:910–916.

1706 Streit et al. Clinical Orthopaedics and Related Research1

123


	Early Migration Predicts Aseptic Loosening of Cementless Femoral Stems: A Long-term Study
	Abstract
	Background
	Questions/purposes
	Methods
	Results
	Conclusions
	Level of Evidence

	Introduction
	Patients and Methods
	Followup
	Statistical Analysis

	Results
	Discussion
	Acknowledgments
	References




