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Introduction

The stems of the Taperloc and Mallory-Head total hip 
arthroplasty (THA) are straight and tapered designs, 
achieving metaphyseal fixation through a porous coating. 
The Taperloc stem has a rectangular, flat and thin trans-
verse geometry, while the Mallory-Head stem has a circu-
lar transverse geometry (Figure 1).1

These 2 stems with different design rationales have 
proven to be safe choices in THA, showing excellent sur-
vival in long-term studies.2,3 However, studies evaluating 
the migration behaviour, as measured with roentgen 
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stereophotogrammetric analysis (RSA), of these clinically 
well performing stems are scarce and non-existent for the 
Mallory-Head stem.4–7 The association between short-
term RSA results and future loosening of THA has been 
described for different cemented THA designs.8,9 
However, the influence of particular design features on 
the migration behaviour of cementless stems is rarely 
described.

In this study, we report the 5-year results of a ran-
domised trial in which we compare the migration, meas-
ured with RSA, and clinical outcome of the 2 differently 
designed cementless stems, thereby analysing the influ-
ence of particular design features on migration behaviour. 
We hypothesised that the migration and clinical outcome 
of the Taperloc stem would be comparable with that of the 
Mallory-Head stem.

Patients and methods

Study design

After the approval of the institutional medical ethical 
board was obtained (reference code P00.167), all consecu-
tive patients scheduled to receive a cementless primary 
THA for symptomatic osteoarthritis, either primary or sec-
ondary to a systematic inflammatory disease, were 
approached for participation in a randomised, clinical RSA 
study. Included patients gave their written informed con-
sent and were randomised to receive either a cementless 
Taperloc (Biomet, Warsaw, IN, USA) or a cementless 
Mallory-Head (Biomet, Warsaw, IN) stem. Treatment allo-
cation was randomised with use of a computer-generated 
randomisation scheme and bilateral cases were allowed. 
The study design was single-blinded; patients were una-
ware of the allocated stem, but surgeons who implanted 

the stem and clinical observers evaluating the radiographs 
could not be blinded. The study was performed in compli-
ance with the Helsinki Declaration. Reporting of the trial 
was in accordance with the Consolidated Standards of 
Reporting Trials (CONSORT) and the ISO standard 
[Implants for surgery - Roentgen stereophotogrammetric 
analysis for the assessment of migration of orthopaedic 
implants (16087:2013)].10,11

Surgical technique

All THAs were implanted by experienced specialist hip 
surgeons, or under their direct supervision, through a lat-
eral approach in the lateral decubitus position. For RSA 
measurements, 3–8 1-mm tantalum beads were inserted 
into the proximal femur during surgery. All patients 
received the same rehabilitation programme commencing 
with passive and controlled active movement on the first 
postoperative day and mobilisation with full weight bear-
ing was started on the second postoperative day.

Implants

The Taperloc stem has a rectangular cross-sectional geom-
etry with a single taper wedge design. The stem is made of 
a titanium alloy (Ti-6A1-4V), with a porous plasma-
sprayed coating on the proximal third, and a smooth sur-
face on the middle and distal third. The Mallory-Head 
Porous stem has a round cross-sectional geometry with a 
dual-tapered design. The stem is characterised by an ante-
rior and posterior flange and wide lateral fin. The stem is 
made of a titanium alloy (Ti-6A1-4V), with a porous 
plasma-sprayed coating on the proximal third, a grit-
blasted surface on the middle third, and a smooth satin-
textured surface on the distal third. Neither of the porous 
surface of either stem used in this trial was augmented 
with a coating. All patients received a 28-mm cobalt-
chrome head and a cementless Mallory-Head finned 
Ringloc acetabular cup (Biomet, Warsaw, IN).

Follow-up

Patients were evaluated preoperatively and postopera-
tively at 6 weeks, 3 months, 6 months, 1 year, and annually 
thereafter, until 5 years of follow-up. At each evaluation, 
RSA radiographs were obtained and the Harris Hip Score 
(HSS) and 36-Item Short-Form Health Survey (SF-36) 
were determined.12,13 Conventional anteroposterior and 
lateral radiographs were acquired preoperatively, at 
6 weeks, 2 years, 5 years and on indication (e.g. pain or 
suspected failure). On the preoperative radiographs the 
metaphyseal canal shape was classified by the canal flare 
index (CFI), defined as ratio of the intra-cortical width of 
the femur at a point 20 mm proximal to the lesser tro-
chanter and at the diaphyseal canal isthmus.14 A CFI of 
<3.0 described a stovepipe shape, 3.0–4.7 was normal, 

Figure 1.  Radiographs of the Taperloc femoral stem on the 
left and the Mallory-Head femoral stem on the right.
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and 4.7–6.5 described a champagne-flute shape.15 On the 
6-week postoperative radiographs the stem orientation (i.e. 
varus, neutral or valgus) was determined. The 2- and 
5-year postoperative radiographs were evaluated for pres-
ence of radiolucent lines,16 bone resorption, cortical thick-
ening and pedestal formation.

RSA technique

RSA radiographs were obtained using a uniplanar setup 
with the patient in supine position and the calibration cage 
(Carbon box, Leiden, The Netherlands) underneath the 
examination table. The first RSA examination was made 
before weight-bearing on the second postoperative day 
and the relative position of the stem to the bone at that time 
served as the baseline for all further examinations. A 
marker-based analysis was carried out to calculate migra-
tion over time (Model-Based RSA software, version 3.34; 
RSAcore, The Netherlands), using 4 stem markers: 3 
markers were attached to the stem by the implant manufac-
turer, and the centre of the head acted as a fourth marker. 
Migration was expressed as translations along and rotation 
about 3 axes (longitudinal, transverse, and sagittal) of a 
right-handed orthogonal coordinate system. Since the fail-
ure mechanism of stems consists of subsidence and retro-
version,8 the primary effect variables were translation 
along and rotation about the longitudinal axis. The accu-
racy of RSA measurements was determined by obtaining 
double examinations of 19 stems 1 year postoperatively. 
Assuming zero migration in the brief time interval between 
these double examinations, the limits of the 95% predic-
tion interval of accuracy of zero migration were deter-
mined (Table 1).17 For all examinations, the mean error of 
rigid body fitting of the RSA markers in the femur was 
below 0.35 mm; the mean condition number of the RSA 
markers was 29 (standard deviation [SD] 16; range 11–90) 
in the femur. Bone markers were defined as unstable when 
they moved more than 0.5 mm with respect to the other 
bone markers. Unstable markers were excluded from the 
analyses. These values satisfy the marker stability and dis-
tribution criteria of the ISO guideline; (ISO 16087:2013).11

Statistical analysis

Based on earlier RSA studies and owing to the high 
degree of accuracy of RSA, 20 stems were required for 
each trial arm, as was standard at our institution at the 

time this study was designed.8,18–20 The distribution of the 
acquired data was tested for normality using the Shapiro-
Wilk test. Normality was assumed if the test statistic W 
was >0.90. Measured values of normally distributed data 
are reported as the mean and the SD; measured values of 
non-normally distributed data are reported as the median 
and the range. Estimates are reported as the mean and the 
95% confidence interval (CI). Reported analyses were 
performed according to the per-protocol principle to 
reflect the genuine effect of treatment (i.e. Taperloc or 
Mallory-Head). To safeguard for attrition bias, all analy-
ses were repeated according to the intention-to-treat prin-
ciple and compared with the outcomes of the per-protocol 
analyses.

Migration and increase in HHS throughout the follow-
up period were analysed with use of a linear mixed model 
(LMM) with subject as a random effect. This model deals 
effectively with repeated measurements, missing values 
and variation in duration of follow-up.21 Differences 
between the stems were assessed by estimating the main 
treatment effect and the ‘stem type’ × ‘time interaction’, 
both as an overall effect over the entire follow-up period 
taking the repeating measurements into account. The 
assessment of the interaction term allows for the investi-
gation of possible time-varying mean differences. At the 
2- and 5-year follow-up, the mean differences were 
assessed with the use of an unpaired Student’s t-test as 
specified in the study protocol. As a sensitivity analysis, 
separate adjusted analyses were carried out with age, gen-
der, body mass index (BMI), and diagnosis (primary or 
secondary osteoarthritis) as covariates. SF-36 scores were 
compared with the use of an unpaired Student’s t-test 
(normally distributed data) or Mann-Whitney U-test 
(MWU, non-normally distributed data). A p-value of 
<0.05 was considered to be significant (SPSS version 
20.0; SPSS, Chicago, IL).

Results

Patients

A total of 88 consecutive THAs in 78 patients were 
assessed for inclusion and 42 THAs in 38 patients were 
randomised (Figure 2). 19 patients (20 THAs) received a 
Taperloc stem and 20 patients (22 THAs) received a 
Mallory-Head stem (Table 2). No patients died during the 
5-year follow-up and no patients were lost to follow-up. 
Patients excluded from the RSA analysis remained in the 
study and received routine clinical and radiographic 
follow-up.

Migration

Throughout the follow-up period of 5 years, the migration 
of the 2 femoral stem designs along and about any of the 3 
orthogonal axes was not significantly different (main 
effect; LMM; p-values ⩾ 0.05; Figure 3) (Table 3). 

Table 1.  Accuracy of RSA measurement (upper limits of 95% 
zero motion confidence interval).

Stem Transverse Longitudinal Sagittal

(x-axis) (y-axis) (z-axis)

Translation (mm) 0.07 0.10 0.35
Rotation (°) 0.42 0.53 0.20
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Figure 2.  CONSORT flowchart of patient recruitment, allocation and follow-up.
THA, total hip arthroplasty; FU, follow-up.

Table 2.  Group characteristics at baseline.

Characteristic Taperloc  
stem

Mallory-Head 
stem

(n = 20) (n = 22)

Gender n (%)
  Male 5 (25%) 9 (37.5%)
  Female 15 (75%) 13 (62.5%)
BMIa (kg/m²) 28.6 ± 4.6 26.6 ± 5.0
Age at surgerya (years) 54.7 ± 7.4 56.4 ± 7.9
Diagnosis n (%)
  Osteoarthritis 7 (35%) 10 (45.5%)
  Rheumatoid arthritis 2 (10%) 4 (18.2%)

(Continued)
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Characteristic Taperloc  
stem

Mallory-Head 
stem

(n = 20) (n = 22)

  Osteonecrosis 5 (25%) 3 (13.6%)
  Hip dysplasia 2 (10%) 3 (13.6%)
  Other 4 (20%) 2 (9%)
Side n (%)
  Left 8 (40%) 10 (45.5%)
  Right 12 (60%) 12 (54.5%)
Surgeon n (%)
  Consultant 16 (80%) 19 (86.4%)
  Resident 4 (20%) 3 (13.6%)
Stem orientation n (%)
  Varus   0   0
  Neutral (<3°) 19 (95%) 19 (86.4%)
  Valgus 1 (5%) 3 (13.6%)
Canal Flair Indexb 3.7 ± 0.6 3.6 ± 0.7
Dorr classfication n (%)
  A 3 (15%) 5 (22.7%)
  B 15 (75%) 17 (77.3%)
  C 2 (10%)   0
Preoperative HHSa min 0–max 100 points 41.9 ± 16.3 44.8 ± 14.6

aThe values are given as the mean and the standard deviation.
bThe ratio of the intracortical width of the femur at a point 20 mm proximal to the lesser trochanter and at the canal isthmus, and the standard deviation.
HHS, Harris Hip Score.

Figure 3.  Line graphs showing the median Y-translation (i.e. translation along the longitudinal axis) with interquartile range during 
the 5 years of follow-up for the Taperloc and Mallory-Head stems.

Table 2. (Continued)
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Figure 4.  Line graphs showing the median Y-rotation (i.e. internal rotation about the longitudinal axis) with interquartile range 
during the 5 years of follow-up for the Taperloc and Mallory-Head stems.

However, difference in retroversion between the 2 stems 
was nearly significant (main effect; LMM; p-value = 0.05; 
Figure 4) (Table 3), with the Mallory-Head stem showing 
more retroversion. At the pre-specified time point of 
5 years postoperatively the Mallory-Head stem showed 
0.9° (unpaired Student’s t-test; 95% CI, 0–1.8°; p = 0.04; 
Table 3) more retroversion than the Taperloc stem. There 
was no difference in time to stabilisation and subsequent 
migration; that is, no evidence of interaction. The results 
from the adjusted analyses were comparable with the 
results from the unadjusted analyses and neither age, gen-
der, BMI, diagnosis nor CFI significantly influenced 
migration (LMM; p-values > 0.05).

On an individual level evaluation of stem migration 
revealed stabilisation of all stems within the first postop-
erative year. However, initial subsidence and retroversion 
varied widely. The highest subsidence for the Taperloc 
stems was 6.8 mm and for the Mallory-Head stems 5 mm 
(Figure 5). The highest retroversion was 3.6° for both 
stems (Figure 6).

Clinical outcome

The postoperative HHS after 5 years of follow-up had sig-
nificantly increased with an estimated mean of 44.7 points 
(unpaired Student’s t-test; 95% CI, 35.9–53.5 points; 
p < 0.001) compared to preoperative. The HHS score was 
not significantly different between the 2 stems throughout 
follow-up (LMM; p > 0.05) (Table 4). Between-group dif-
ferences of HHS did not change significantly over time 

(stem type × time interaction; LMM; p > 0.05). As for 
SF-36, there were no significant differences between the 2 
stems at the 2- and 5-year follow-up point (p > 0.05) 
(Table 4).

Radiographic outcome

2 stems (1 Taperloc and 1 Mallory-Head) showed non-
progressive, 2-mm radiolucent lines between the stem and 
bone in Gruen zones 1 and 8. Interestingly, both of these 
stems showed high initial subsidence, 6.8 mm and 5 mm 
respectively. After initial subsidence, both stems stabilised 
and were considered not to be at risk for aseptic loosening 
after 5 years of follow-up.

Survival

In 1 patient with a Mallory-Head stem, both the femoral 
and acetabular components were removed and a 
Girdlestone procedure was subsequently performed due to 
a deep infection of the prosthesis 3 months postoperatively. 
In another patient with a Taperloc stem, the liner and head 
were revised due to liner wear shortly after the 5-year fol-
low-up point.

Intention-to-treat

After randomisation and during surgery, 3 patients did not 
receive the allocated stem due to unfamiliarity of the sur-
geon with the ongoing study (Figure 1). 1 patient incorrectly 
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Figure 5.  Line graphs showing the Y-translation (i.e. distal translation along the longitudinal axis) of all stems during the 5 years of 
follow-up.

Figure 6.  Line graphs showing the Y-rotation (i.e. internal rotation about the longitudinal axis) of all stems during the 5 years of 
follow-up.

received a Taperloc stem and 2 patients incorrectly received 
a Mallory-Head stem. Analyses of the results according to 
the intention-to-treat principle did not alter previous results.

Discussion

In this randomised, clinical RSA study, hip stem migration, 
HHS and SF-36 were comparable between the Taperloc 

and Mallory-Head femoral components during 5 years of 
follow-up. There were no revisions for aseptic loosening 
and no stems were considered to be at risk for aseptic loos-
ening. No stems showed continuous migration; that is, all 
stems stabilised after initial migration.

In this study, there was no significant difference in 
3-dimensional migration between the 2 stems. However, 
the Mallory-Head stem showed more retroversion in 
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comparison with the Taperloc stem and the variance in 
retroversion was larger in the Mallory-Head group. This 
suggests better rotational stability of the flat, wedge 
shaped Taperloc stem. However, rotational stability does 
not seem to affect subsidence; the subsidence during 
5 years of follow-up as well as the subsidence rate during 
the first postoperative year was comparable between the 2 
stems.

This is the first study comparing the migration of the 
Taperloc and Mallory-Head femoral components, and the 
first study to evaluate the migration of the Mallory Head 
stem. In our study the mean subsidence of the non-HA 
coated Taperloc stem was 1.2 mm after 2 years and this is 
more than the values of 0.44 mm (non-HA coated) and 
0.25 mm (HA coated) subsidence at 2 year follow-up 
reported by Wykman and Lundberg4 and Bøe et al.5 The 
relatively high subsidence in our study can be explained by 
2 outliers showing high initial subsidence of 4 mm and 
7 mm. Furthermore, the reported subsidence in these stud-
ies might be an underestimation since the reference RSA 
scene was made 1 week postoperatively. Mean retrover-
sion of 0.33° at 2-year follow-up in our study is compara-
ble to reported values of 0.17° (HA-coated) and 0.46° 
(BM-coated).5 Flatøy et al.6 reported the 5-year results of 
the same study published earlier by Bøe et al.,5 showing 
initial subsidence up to 10.4 mm with subsequent stabiliza-
tion of all stems. Nebergall et  al.7 reported comparable 
results to our study with a similar non-HA coated Taperloc 
stem, showing initial migration up to 9.3 mm with subse-
quent stabilisation of all stems and a median subsidence of 
0.03 mm after 5 years of follow-up.7

There was a high variation in initial migration for both 
the Taperloc and the Mallory-Head stem. The Taperloc 
stem showed up to 7 mm of subsidence and the Mallory-
Head stem showed up to 5 mm of subsidence. Both stems 
showed initial retroversion of about 3°. For all stems, initial 
migration occurred during the first 3 postoperative months. 
Stems showing little initial migration quickly stabilised, 
while stems showing large initial migration took up to 
2 years to stabilise. After the second postoperative year, all 
stems had stabilised. This suggests that high initial migra-
tion is acceptable as long as the stem does not continue to 
migrate and ultimately stabilises. All implants showing 
high initial subsidence also showed high initial rotation into 
retroversion. 2 of the stems showing high initial migration, 
showed non-progressive radiolucencies of 2 mm. In the 
other stems, there were no radiolucencies present.

This study shows that it can take up to 2 years before the 
stem stabilises. Several studies with cemented stems have 
shown that high initial migration is predictive of late asep-
tic loosening.8,9 Some of these studies have shown that 
high initial migration during the first postoperative year is 
already predictive of late aseptic loosening.22 This study, 
however, demonstrates that it can take up to 2 years before 

an uncemented implant stabilises without being at risk of 
aseptic loosening after 4 years of follow-up. The failure 
mechanism of uncemented stems might therefore be dif-
ferent from cemented stems.23

We should also consider some limitations. Firstly, this 
was one of the first RSA studies performed at our institu-
tion; hence there was little experience with the procedure 
of placing tantalum markers in the periprosthetic bone. 
Therefore, 8 patients had to be excluded due to marker 
problems. However, no patients were lost to follow-up. 
Secondly, there was no difference in stem morphology in 
terms of Canal Flair Index or Dorr classification. Different 
stem morphologies might favour one femoral stem design 
over another. Unfortunately, this study was not powered to 
make such recommendations. Thirdly, this trial was not 
prospectively registered in an ICMJE approved registry. At 
the time this study was designed, registration of trials had 
not yet been established.

In conclusion, this study confirms the excellent clinical 
and survival results of the Taperloc and Mallory-Head 
stems provided by survival studies. Both stems are safe 
choices in total hip arthroplasty. The Taperloc provides 
better initial rotational stability but the clinical benefit of 
this has not been proven.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with 
respect to the research, authorship, and/or publication of this 
article.

Funding 

The author(s) disclosed receipt of the following financial support 
for the research, authorship, and/or publication of this article: 
The Department of Orthopaedics of the LUMC received a single 
unrestricted grant from Biomet. In addition, funding from the 
European Information and Communication Technologies 
Community Seventh Framework Program (FP7/2007-2013) 
(grant agreement number 248693) and the Dutch Arthritis 
Association (project number LLP13; 08-1-300) was received in 
support of this study. None of these sponsors took part in the 
design or performance of the study; neither in the collection, 
management, analysis, nor in the interpretation of the data; or in 
preparation, review, or approval of the manuscript.

ORCID iD 

Paul van der Voort  https://orcid.org/0000-0003-1651-1182

References

	 1.	 Khanuja HS, Vakil JJ, Goddard MS, et al. Cementless fem-
oral fixation in total hip arthroplasty. J Bone Joint Surg Am 
2011; 93: 500–509.

	 2.	 Labek G, Frischhut S, Schlichtherle R, et al. Outcome of the 
cementless taperloc stem: a comprehensive literature review 
including arthroplasty register data. Acta Orthop 2011; 82: 
143–148.

https://orcid.org/0000-0003-1651-1182


12	 HIP International 00(0)

	 3.	 Song JH, Kim DH and Kim J. Total hip replacement arthro-
plasty with Mallory-head system—minimum ten-year fol-
low-up results. Int Orthop 2012; 36: 2055–2059.

	 4.	 Wykman A and Lundberg A. Subsidence of porous coated 
noncemented femoral components in total hip arthroplasty: 
a roentgen stereophotogrammetric analysis. J Arthroplasty 
1992; 7: 197–200.

	 5.	 Bøe BG, Röhrl SM, Heier T, et al. A prospective randomized 
study comparing electrochemically deposited hydroxyapa-
tite and plasma-sprayed hydroxyapatite on titanium stems: 
55 hips followed for 2 years with RSA and DXA. Acta 
Orthop 2011; 82: 13–19.

	 6.	 Flatøy B, Röhrl SM, Bøe B, et al. No medium-term advan-
tage of electrochemical deposition of hydroxyapatite in 
cementless femoral stems: 5-year RSA and DXA results 
from a randomized controlled trial. Acta Orthop 2016; 87: 
42–47.

	 7.	 Nebergall AK, Rolfson O, Rubash HE, et al. Stable fixation 
of a cementless, proximally coated, double wedged, double 
tapered femoral stem in total hip arthroplasty: a 5-year radi-
ostereometric analysis. J Arthroplasty 2016; 31: 1267–1274.

	 8.	 Kärrholm J, Borssen B, Lowenhielm G, et  al. Does early 
micromotion of femoral stem prostheses matter? 4-7-year 
stereoradiographic follow-up of 84 cemented prostheses. J 
Bone Joint Surg Br 1994; 76: 912–917.

	 9.	 Hauptfleisch J, Glyn-Jones S, Beard DJ, et al. The prema-
ture failure of the Charnley Elite-plus stem: a confirma-
tion of RSA predictions. J Bone Joint Surg Br 2006; 88: 
179–183.

	10.	 Moher D, Schulz KF and Altman DG. The CONSORT state-
ment: revised recommendations for improving the quality 
of reports of parallel-group randomised trials. Lancet 2001; 
357: 1191–1194.

	11.	 ISO. Implants for surgery - Roentgen stereophotogrammet-
ric analysis for the assessment of migration of orthopaedic 
implants. ISO16087:2013, 2019.

	12.	 Harris WH. Traumatic arthritis of the hip after dislocation 
and acetabular fractures: treatment by mold arthroplasty. An 
end-result study using a new method of result evaluation. J 
Bone Joint Surg Am 1969; 51: 737–755.

	13.	 Aaronson NK, Muller M, Cohen PD, et  al. Translation, 
validation, and norming of the Dutch language version of 
the SF-36 health survey in community and chronic disease 
populations. J Clin Epidemiol 1998; 51: 1055–1068.

	14.	 Noble PC, Alexander JW, Lindahl LJ, et al. The anatomic 
basis of femoral component design. Clin Orthop Relat Res 
1988; 235: 148–165.

	15.	 Dorr L, Absatz M, Gruen T, et al. Anatomic porous replace-
ment hip arthroplasty: first 100 consecutive cases. Semin 
Arthroplasty 1990; 1: 77–86.

	16.	 Gruen TA, McNeice GM and Amstutz HC. “Modes of fail-
ure” of cemented stem-type femoral components: a radio-
graphic analysis of loosening. Clin Orthop Relat Res 1979; 
141: 17–27.

	17.	 Ranstam J, Ryd L and Önsten I. Accurate accuracy assess-
ment. Acta Orthop Scand 2000; 71: 106–108.

	18.	 Malchau H, Kärrholm J, Wang YX, et  al. Accuracy of 
migration analysis in hip arthroplasty digitized and con-
ventional radiography, compared to radiostereometry in 51 
patients. Acta Orthop Scand 1995; 66: 418–424.

	19.	 Nistor L, Blaha JD, Kjellström U, et al. In vivo measure-
ments of relative motion between an uncemented femoral 
total hip component and the femur by roentgen stereopho-
togrammetric analysis. Clin Orthop Relat Res 1991; 269: 
220–227.

	20.	 Ryd L. Roentgen stereophotogrammetric analysis of pros-
thetic fixation in the hip and knee joint. Clin Orthop Relat 
Res 1992; 276: 56–65.

	21.	 DeSouza CM, Legedza AT and Sankoh AJ. An overview 
of practical approaches for handling missing data in clinical 
trials. J Biopharm Stat 2009; 19: 1055–1073.

	22.	 Thanner J, Freij-Larsson C, Kärrholm J, et al. Evaluation of 
Boneloc®: chemical and mechanical properties, and a ran-
domized clinical study of 30 total hip arthroplasties. Acta 
Orthop Scand 1995; 66: 207–214.

	23.	 Van der Voort P, Pijls BG, Nieuwenhuijse MJ, et al. Early 
subsidence of shape-closed hip arthroplasty stems is associ-
ated with late revision: a systematic review and meta-analy-
sis of 24 RSA studies and 56 survival studies. Acta Orthop 
2015; 86: 575–585.




