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Abstract

Background Compromised rheumatic bone is a potential

risk factor for mechanical complications in cementless total

hip arthroplasty (THA) in cases of rheumatoid arthritis

(RA). Increased rates of intra-operative fractures, compo-

nent migration and (early) aseptic loosening are to be

expected. Despite this, cementless THA is performed in

cases of RA.

Methods A literature search on cementless THA in RA was

performed in EMBASE (1993–2011), Medline (1966–2011)

and the Cochrane Library. A systematic review was con-

ducted with a special emphasis on mechanical complications.

Results Twenty-three case series and five studies of

implant registries were included. Acetabular fractures and/

or migration of the cup were reported in 9 out of 22 studies

of the cup. Proximal femoral fractures and/or subsidence of

the stem were reported in 14 out of 20 studies of the stem.

Six studies compared failure rates of uncemented and

cemented components due to aseptic loosening. The overall

failure rate ratio (uncemented/cemented) for the cup was

0.6 (95% CI: 0.14–2.60) and for the stem 0.71 (95% CI:

0.06–8.55), both favoring uncemented fixation. The failure

rates in case series without a control group were compared

to the NICE criteria (failure rate/1). The overall failure rate

for the cup was 0.97 (95% CI: 0.50–1.88) and for the stem

0.79 (95% CI: 0.44–1.41). Failure rates of aseptic loosen-

ing of higher than 1 (favoring cemented fixation) were

reported in 6 out of 26 studies of the cup and in 2 out of 25

studies of the stem. In all these studies, the inferior implant

designs were blamed, and not the type of fixation or the

quality of the bone.

Conclusions Despite substantial rates of mechanical stem

complications, no evidence was found to establish that

cementless components perform less well than cemented

components. The results justify the use of cementless THA

in RA patients.

Keywords Rheumatoid arthritis � Total hip arthroplasty �
Cementless � Uncemented � Review

Introduction

Rheumatoid arthritis (RA) strongly affects the properties of

bone [1–3], while in addition bone metabolism is influ-

enced by the intake of medication by RA patients [4, 5].

The compromising biomechanical changes in rheumatic

bone could increase the risk of mechanical complications

in cementless implants, such as peri-prosthetic fractures,

insufficient initial implant stability and insufficient osseous

integration causing early implant failure.

This systematic literature review was conducted to

investigate the results of uncemented total hip arthroplasty

(THA) in RA patients, with a special emphasis on
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Department of Orthopedic Surgery, Slotervaartziekenhuis,

Amsterdam, The Netherlands

T. Stijnen

Department of Medical Statistics and Bioinformatics,

Leiden University Medical Center, Leiden, The Netherlands

R. G. Pöll
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mechanical complications. The research questions formu-

lated were: (1) What are the rates of early complications

such as intra-operative, peri-prosthetic fractures, implant

migration and early loosening? (2) What are the failure

rates with aseptic loosening as end point compared to

cemented implants in RA patients, or compared with the

criteria of the National Institute of Clinical Excellence

(NICE) [6]?

Methods

The systematic review was performed using methodology

and checklists on search strategy, methods and results,

according to the proposed methodology for systematic

reviews of observational studies by the meta-analysis of

observational studies in epidemiology (MOOSE) group [7].

Search strategy

A comprehensive search was performed on EMBASE

(1993–2011), Medline (1966–2011) and the Cochrane

Library. Search terms used were ‘cementless OR unce-

mented AND hip arthroplasty AND RA’. The reference

lists of each of the studies were manually inspected to find

additional relevant studies.

Inclusion criteria were: (1) clinical studies on cement-

less THA in RA patients in comparison with cemented

THA, and (2) clinical studies on cementless THA in RA

patients with other than a cemented control group or no

control group. Exclusion criteria were: (1) studies includ-

ing revision cases, (2) studies containing previously pub-

lished data, (3) studies without rheumatoid patients, (4)

studies on other implants than conventional THA (e.g.,

resurfacing hip arthroplasty), (5) studies other than clinical

studies such as reviews, radiological and retrieval studies,

case reports and expert opinions.

To ensure that all relevant literature on cementless THA

in RA patients was accounted for, and to minimize publi-

cation bias, there were no limitations on study quality,

language of publication or year of publication.

Data extraction

Data were extracted by one of the investigators (first

author) and checked for accuracy by a second investigator

(second author). The information retrieved from each study

included study design, sample size, patient characteristics,

implants used, follow-up duration, definition of outcome

measures and data analysis. The derived data included the

incidence of intra-operative fractures and post-operative

migration of components not defined as loose. The time

from initial operation to revision was recorded. Early

loosening was defined by the authors of the reports as

aseptic loosening in an early phase following the initial

operation. Failure events were described as any revision for

aseptic loosening of cup or stem, or radiographical loos-

ening as defined by the authors.

Quality appraisal in relation to research questions

To create a level of transparency in the quality of the

studies, quality appraisal was performed on ten items

selected out of previously described quality appraisal

methods [8–11]. These were: (1) study design—whether

the study design met the requirements of our research

question, for example a comparative study with cemented

THA as control group or a case series without control

group; (2) prospective or retrospective study; (3) homo-

geneity concerning type of implant; (4) homogeneity con-

cerning patient population—RA patients only or inclusion

of patients with different types of inflammatory arthritis;

(5) transparency of selection criteria for cementless THA;

(6) transparency of outcome measures and assessment; (7)

sample size, defined as years that hips were at risk of

failure, calculated by multiplying the number of included

hips by the years of follow-up, whereby 100 hip years was

chosen as the arbitrary minimum; (8) transparency of

missing data and loss to follow-up; (9) appropriate data

management and statistics in relation to our research

questions; (10) declaration of conflicts of interest.

The same investigators as mentioned earlier scored the

items. Any disagreements were resolved by consensus.

When no information was available for a potential bias, or

if the method for addressing the bias was deemed inade-

quate, the item scored negative. An item scored positive

when a serious attempt was made to minimize this risk of

bias. A positive score did not mean that this potential bias

was absent, nor did it imply that the techniques that were

used to minimize bias were state of the art.

Statistical methods

To compare the results between the studies, failure was

calculated as ‘failure rate per 100 years of hips at risk’.

‘Years of hips at risk’ was calculated as number of hips in

the study multiplied by the mean follow-up time. The

failure rate was calculated per group (cementless/cemen-

ted) in comparative studies. In the absence of a control

group in the case series, the NICE criteria (National

Institute of Clinical Excellence) were used as a reference

[6]. According to these criteria, survival at 10 years should

be at least 90%. Calculated as the failure rate per 100

‘years of hips at risk’, this represents one failure per

100 years. The confidence intervals for the failure rates of

exactly 95% were based on the Poisson distribution. The
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random effects meta-analysis to obtain the overall failure

rate of a number of case series was based on a random

intercept Poisson model [12]. For the comparative studies,

the groups were compared by calculating the failure rate

ratio as the failure rate in the cementless group divided by

the failure rate in the cemented group. The corresponding

exact confidence intervals were based on the binominal

distribution. The random effects meta-analysis to obtain the

overall failure rate ratio of a number of comparative studies

was based on the random intercept logistic regression

model with offset variable, as described by Stijnen et al.

[12]. The meta-analysis models were fitted using SAS

NLMIXED version 9.2. All other analyses were carried out

in STATA version 11.

Results

Search

Initially, 37 studies matched the search criteria. After close

examination, nine of these were excluded: one article

appeared to be a comment on another study [13], two

studies included only juvenile chronic arthritis patients [14,

15], two studies contained revision cases [16, 17] and

another two studies were on prostheses other than routinely

used hip arthroplasties such as cementless polyethylene

cups [18] and resurfacing prostheses [19]. Overlap of

patient material was found in two other studies. In the

study by Arnold et al. [20] and Schule et al. [21], the results

of a prospective multicenter comparative study were pub-

lished in two separate articles. For our analysis, their data

were combined and the articles were treated as one study.

In the study by Effenberger et al. [22] and Effenberger

et al. [23], part of the patient material was used twice. Only

the data from the first publication were used for the

analysis.

The 28 included studies are listed in Table 1 together

with the scores of the items used for quality appraisal.

Three groups of studies were formed for both cup and stem

separately: comparative studies (comparison between ce-

mentless and cemented components in RA), case series

without control group, and registers (reports of national

implant registers).

Acetabular component outcome

Acetabular fractures (Table 2): four studies reported ace-

tabular fractures in 2–5%. Three of these studies concerned

perforations of the acetabular floor by threaded cups [20,

24, 25], and the fourth study reported two acetabular rim

fractures by a press-fit design [26]. All these fractures were

treated conservatively, and none caused failure of the

implant.

Migration (Table 2): six studies reported migrated cups,

three of which reported rates of 10% or more [27–29].

Early loosening (Table 2): five studies reported early

loosening. Dominkus et al. [27] reported three loose cups

after an average period of 31 months. Zwartele et al. [25]

reported that two cups were loosened within 2 years after

implantation. The three other studies reported single cases

of early loosening [26, 30, 31].

Aseptic loosening (Table 2; Figs. 1, 2): Table 2 shows

the failure rates for aseptic loosening per 100 years of ‘hips

at risk’. Six studies reported failure rates higher than one (the

NICE criteria) [20, 22, 31–34]. Figure 1 displays the results

of the comparative studies with the ratio of failure between

cementless and cemented cups. A ratio of more than one

occurred in two studies [20, 35] and indicated a worse out-

come for the cementless cup. The overall failure rate ratio for

the cup was 0.6 (95% CI: 0.14–2.60), In the study by Glus-

evicz et al. [35], the failure rate of cementless cups was

higher compared to the cemented cups but low compared to

the NICE criteria (0.5, see Table 2). This result was not

judged as poor. Figure 2 displays the results of the case

series. The failure rates in case series without control group

were compared to the NICE criteria (failure rate/1). The

overall failure rate for the cup was 0.97 (95% CI: 0.50–1.88).

The results of the four studies based on national

arthroplasty registries are summarized in Table 3. In the

Finnish Arthroplasty Register, the results of press-fit por-

ous coated cups after 10 years in RA equaled the results of

cemented cups in RA in patients younger than 55 years

[36]. Smooth threaded cups performed poorly. In a separate

report based on the Finnish registry on patients older than

55 years, uncemented cups performed better than cemented

ones [37]. Poorly performing implants were excluded from

the analysis. In the Swedish register, commonly used ce-

mentless cups perform better than commonly used

cemented cups in the general population [38]. Sub-analysis

for RA was not performed. In the Danish registry, the

cumulative risk for revision for aseptic loosening after

14 years was slightly higher for RA than for osteoarthritis

(OA) [39]. Sub-analysis for cementless THA was not

performed.

Femoral component outcome

Femoral fractures (Table 2): nine studies reported femoral

fractures. All reported fractures could be classified as type

A according to the Vancouver classification [40], i.e.,

avulsions of the tip of the trochanter or calcar fissures. In

all reported cases, conservative treatment or intra-operative

direct fixation was performed, and none caused failure of

the implant.
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Subsidence (Table 2): ten studies reported subsidence.

In the study by Smilowicz et al. [24], the subsidence rate

was as high as 80%. Despite this high subsidence rate, only

5 out of the 56 subsided stems were found loose after a

mean follow-up of 14 years, resulting in a failure rate of

0.3. In the other nine studies, only one stem was found

loose due to aseptic loosening [41].

Early loosening (Table 2): early aseptic loosening was

reported once [42].

Aseptic loosening (Table 2; Figs. 3, 4): Table 2 displays

the failure rates per 100 years of ‘hips at risk’ compared to

the NICE criteria. Two studies reported increased failure

rates [42, 43]. In the report by Hoikka et al. [42], failure of

one stem led to a failure rate of 2.5 due to the small study

population and the short follow-up time. This was not

judged as a poor result. Figure 3 displays the results of the

comparative studies with the ratio of failure between ce-

mentless and cemented stems. A ratio of more than one

occurred in two studies [20, 43] and indicated a worse

outcome of the cementless stem. The overall failure rate

ratio (uncemented/cemented) for the stem was 0.71 (95%

CI: 0.06–8.55). In the study by Arnold et al. [20], the

failure rate of cementless stems was higher compared to

cemented stems, but low compared to the NICE criteria

(0.4. See Table 2). This was not judged as a poor result.

Figure 4 displays the results of the case series. The failure

rates in case series without control group were compared to

the NICE criteria (failure rate/1). The overall failure rate

for the stem was 0.79 (95% CI: 0.44–1.41).

Table 4 summarizes the results of the five studies based

on national arthroplasty registries. The studies on the

Finnish register show better results for cementless stems

both in young and in older patients with RA [36, 37]. In the

studies on the Norwegian [44] and Swedish [38] registries,

cementless stems performed well in the general population

irrespective of the diagnosis. Sub-analysis for RA was not

performed. In the Danish registry, the cumulative risk for

revision for aseptic loosening after 14 years was slightly

higher for OA than for RA [39]. Sub-analysis for ce-

mentless THA was not performed.

Discussion

Compromised biomechanical properties of rheumatic bone,

caused by inflammatory diseases and medication, are

potential risk factors for a positive end result of THA in RA

patients. This leads to many questions with regard to the

practice of implanting cementless components in rheumatic

bone. In the last three decades, several studies have been

published on cementless THA in RA patients. The results

of these articles were assessed to gain insight into the rates

of intra-operative, peri-prosthetic fractures and earlyT
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complications caused by insufficient initial stability or

insufficient osseous integration. The results show that

cementless cups are rarely associated with mechanical

complications, while cementless stems result in an

increased risk of intra-operative, peri-prosthetic proximal

femoral fractures and subsidence. Despite these compli-

cations, no well-documented evidence was found that

established that cementless components were associated

with increased rates of aseptic loosening in RA patients.

These findings suggest that initial implant stability and

osseous integration are sufficient, despite the altered bio-

mechanical properties of the rheumatic bone.

Validity of data

This review was conducted as transparently as possible

according to a methodology described by several authors

[7, 8, 10, 45–47]. Many instruments have been developed

for assessing the methodological quality of non-random-

ized studies [48]. The Newcastle–Ottawa Scale [49] is

recommended in the Cochrane Handbook for systematic

reviews of interventions [50], but in this specific situation

this scale did not lead to a transparent and simple quality

appraisal. Our customized list is based on ten items used

in other instruments, but simplified to enable a quality

appraisal and not a quantified appraisal. Of the 28 stud-

ies, 15 had less than six positive scored items, and only 2

studies scored more than seven positive items. Upon

Fig. 1 Comparative studies of cup. Failure rate of cementless cups

compared to cemented cups. A ratio of 1 means no difference

between the groups, more than 1 means higher failure rate for

cementless cups and vice versa. Random effects Poisson model

calculated overall as described in the text

Fig. 2 Case series of cup. Failure rate of cementless cups in relation

to the NICE criteria. A ratio of more than 1 means a higher rate of

failure than the minimal NICE criteria
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analysis of the results of the quality appraisal, it is

obvious that the quality of most studies is poor and that

the results of the studies are potentially subject to all

kinds of bias. Despite these limitations––and the great

variation in the included studies with respect to meth-

odology, patient population, implants used, year and

location of conduct, and quality––the results are quite

uniform, as only a few, mostly explainable, deviations

were found.

Interpretation of acetabular component outcome

Acetabular fractures: intra-operative peri-prosthetic ace-

tabular fractures are rare, especially when press-fit cups are

used. All fractures were treated conservatively and none

caused implant failure.

Migration: six studies report on migrated cups, three of

them in more than 10% of the cups. Migration is said to be

a predictor of component failure [51] On the other hand,

Table 3 Summaries of the results of the studies based on national arthroplasty registries for acetabular and femoral components, respectively

Source Study design Mean

FU

in

years

Diagnosis

and design

Number

of

implants

Results

Eskelinen

[36]

Finland

Comparison between uncemented and

cemented cups in RA patients

younger than 55 years

2,557 Survival at 10 years with aseptic

loosening as end point

Risk ratio for

revision for

aseptic

loosening

8.5 RA: UC

(PPU)

770 92% (95% CI:89–94) 1.0 (95% CI:

0.8–1.4)

10.9 RA: UC

(SU)

317 74% (95% CI:68–79) 2.7 (95% CI:

2.1–3.5)

12.3 RA: CE 885 91% (95% CI:89–94) 1.0

Hailer [38]

Sweden

Comparison between uncemented and

cemented cups in the general

population. No differentiation for

fixation method within the 5397

RA patients.

170,413 Risk ratio for

revision for

aseptic

loosening of

five

most common

uncemented

and

cemented cups

3.2 OA ? RA:

UC

nr nr 0.5 (95% CI:

0.3–0.8)

5.8 OA ? RA:

CE

nr nr 1.0

Rud-

Sorensen

[39]

Denmark

Comparison between RA and OA

patients. No differentiation for

uncemented or cemented cups

5.9 Cumulative risk on

revision for aseptic

loosening at 14 years

OA:

UC ? CE

64,858 4.6% (95% CI:

4.0–5.1

RA:

UC ? CE

1,661 5.7% (95% CI:

3.7–8.8)

RA: UC 878 nr

RA: CE 783 nr

Makela

[37]

Finland

Comparison between uncemented and

cemented cups in RA patients 55 years

and older. Exclusion of implants with

well-documented poor results

Survival at 10 years with aseptic

loosening as end

point

Risk ratio for

revision for

aseptic

loosening

8.2 RA: UC 579 97% (95% CI: 95–99) 0.57 (95% CI:

0.36–0.92)

7.7 RA: CE 3,440 94% (95% CI: 93–95) 1.0

OA osteoarthritis, RA rheumatoid arthritis, UC uncemented cup, CE cemented cup, PPU press-fit porous coated cup, SU smooth threaded cup, CI
confidence interval
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limited early migration could be a seating effect of

cementless cups without having consequences on the out-

come. Due to the limited follow-up time, it is not possible

to distinguish between these two mechanisms.

Early aseptic loosening: early aseptic loosening is rare.

Increased rates of early aseptic loosening was reported

twice, both in studies with the threaded Zweymuller cup

[25, 27]. The long-term results of both studies were

excellent.

Aseptic loosening: six studies showed poor results of

cementless cups in RA, one comparative study [20] and

five case series [22, 31–34]. In five of these studies with

poor result, the smooth threaded cup design was blamed.

High failure rates of these designs are confirmed by several

studies with OA patients [52–54]. In the sixth study with

poor results [32], the hemispherical cup design was

blamed, the cause being wear of the polyethylene caused

by a thin liner as described earlier in OA patients [55]. The

Finnish register accounted for these poor performing

components and made sub-analysis for different types of

designs. They concluded that in young patients with RA,

the results of the cementless cups were as good as the

results of cemented ones [36], while in older patients the

results of cementless cups were better than those of

cemented cups [37].

Interpretation of femoral component outcome

Femoral fractures: a majority of the studies reported intra-

operative, peri-prosthetic fractures. All fractures were type

Fig. 3 Comparative studies of stem. Failure rate of cementless stems

compared to cemented stems. A ratio of 1 means no difference

between the groups, more than 1 means higher failure rate for

cementless stems and vice versa. Random effects Poisson model

calculated overall as described in the text

Fig. 4 Case series of stem. Failure rate of cementless stems in

relation to the NICE criteria. A rate of more than 1 means a higher

rate of failure than the minimal NICE criteria
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A fractures and could be treated conservatively or with

cerclage wires. There were no reports of late peri-prosthetic

fractures caused by a fall or major trauma. These latter

fractures (when classified as type B or C) are known to be a

major mode of failure of uncemented stems [38, 56, 57].

Irrespective of the diagnosis, implantation of cementless

stems seems to be associated with an increased risk of peri-

prosthetic fractures.

Subsidence: subsidence is reported frequently in a

majority of the studies, but does not seem to be a predictor

of implant failure, as the failure rates of cementless stems

were low even in studies with high subsidence rates.

Table 4 Summaries of the results of the studies based on national arthroplasty registries for acetabular and femoral components, respectively

Source Study design Mean

FU in

years

Diagnosis and

design

Number

of

implants

Results

Eskelinen

[36]

Finland

Comparison between uncemented and

cemented stems in RA patients

younger than 55 years

2,557 Survival at 10 years

with aseptic

loosening as end

point

Risk ratio for revision for

aseptic loosening

8 RA: UC

(PPU)

913 97% (95% CI:96–99) 0.4 (95% CI:0.3–0.6)

8.5 RA: UC (UU) 230 86% (95% CI:80–91) 1.7 (95% CI:1.2–2.5)

8.5 RA: CE 878 90% (95% CI:88–92) 1.0

Hallan [44]

Norway

Uncemented stems in the general

population. No differentiation

between population and the 5.5%

RA patients

Survival at 10 years

with aseptic

loosening as end

point (the 8 most

used stems)

Risk ratio for revision for

aseptic loosening

OA ? RA:UC 9,757 96 to 100% Diagnosis did not influence

the results

Hailer [38]

Sweden

Comparison between uncemented and

cemented stems in the general

population. No differentiation for

fixation method within the 5397 RA

patients

170,413 Risk ratio for revision for

aseptic loosening of the

five most common

uncemented and

cemented stems

5.1 OA ? RA:

UC

nr nr 0.3 (95% CI:0.2–0.4)

5.8 OA ? RA:

CE

nr nr 1.0

Rud-

Sorensen

[39]

Denmark

Comparison between RA and OA

patients. No differentiation for

uncemented or cemented stems

5.9 Cumulative risk on

revision for aseptic

loosening at 14

years

OA:

UC ? CE

64,858 4.3% (95%

CI:3.8–4.8)

RA:

UC ? CE

1,661 3.2% (95%

CI:1.8–5.9)

RA: UC 446 nr

RA: CE 1,215 nr

Makela

[37]

Finland

Comparison between uncemented and

cemented THA in RA patients

55 years and older. Exclusion of

implants with well-documented

poor results

Survival at 10 years

with aseptic

loosening as end

point

Risk ratio for revision for

aseptic loosening

8.2 RA: UC 579 98% (95%

CI:97–100)

0.39 (95% CI:0.20–0.76)

7.7 RA: CE (LT) 1,535 96% (95% CI:94–97) 1.0

RA: CE (CB) 1,905 92% (95% CI:90–94) 1.85 (95% CI:1.34–2.55)

OA osteoarthritis, RA rheumatoid arthritis, UC uncemented stem, CE cemented stem, PPU proximally porous coated stem, UU uncoated stem, CI
confidence interval, LT loaded taper (cemented stem design allowing subsidence), CB composite beam (cemented stem design not intended to

subside)
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Early aseptic loosening: early aseptic loosening was

rarely reported.

Aseptic loosening: poor results due to aseptic loosening

of the stem were reported in one study [43]. The authors

blamed this high failure rate on the first-generation

cementless stem design. All other studies reported good

results of the cementless stems in RA.

Conclusions

Despite the poor quality of most studies, the results were

quite uniform, as only a few, mostly explainable, devia-

tions were found. Cementless cups are rarely associated

with mechanical complications. Cementless stems have

substantial risks on intra-operative, peri-prosthetic proxi-

mal femoral fractures, and subsidence. No evidence,

which established that well-documented cementless com-

ponents were associated with increased rates of aseptic

loosening in RA patients, was found. These findings

suggest that initial implant stability and osseous integra-

tion are sufficient despite the altered biomechanical

properties of the rheumatic bone. The results justify the

use of cementless THA in RA patients. Whether this

conclusion will last in the long run has to be confirmed by

awaited long-term studies.
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12. Stijnen T, Hamza TH and Özdemir P (2010) Tutorial in biosta-

tistics: random effects meta-analysis of event outcome in the

framework of the generalized linear mixed model with applica-

tions in sparse data. Stat Med. doi:10.1002/sim.4040

13. Waddell J (1993) Cemented and uncemented hip implants in

patients with rheumatoid arthritis. Can J Surg 3:199

14. Kumar M, Swann M (1998) Uncemented total hip arthroplasty in

young patients with juvenile chronic arthritis. Ann R Coll Surg

Engl 80:203–209

15. Haber D, Goodman S (1998) Total hip arthroplasty in juvenile

chronic arthritis. J Arthroplast 13:259–265

16. von Dustmann H, Godolias G (1990) Zementfrei implantierte
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37. Mäkelä KT, Eskelinen A, Pulkkinen P et al (2011) Cemented

versus cementless total hip replacement in patients fifty-five years

of age or older with rheumatoid arthritis. J Bone Jt Surg Am

93:178–186
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