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ABSTRACT

Background

It is not clear which fixation of total knee arthroplasty obtains the best clinical, functional and radiographic results in people with
osteoarthritis and other non-traumatic diseases, such as rheumatoid arthritis.

Objectives

To assess the benefits and harms of cemented, cementless and hybrid knee prostheses fixation techniques in participants with primary
osteoarthritis (osteoarthritis following trauma was not included) and other non-traumatic diseases, such as rheumatoid arthritis.

Search methods

We searched CENTRAL (2011, issue 10), MEDLINE via PubMed, EMBASE, Current Controlled Trials, LILACS, The Cumulative Index to
Nursing and Allied Health Literature, SPORTDiscus, Health Technology Assessment Database and the Database of Abstracts of Reviews of
Effectiveness, all from implementation to October 2011, along with handsearches of high-yield journals and reference lists of articles. No
language restrictions were applied.

Selection criteria

Randomized controlled trials (RCTs) evaluating cemented, cementless and hybrid fixation. Participants included patients that were 18
years or older with osteoarthritis and other non-traumatic diseases who were undergoing primary total knee arthroplasty.

Data collection and analysis

Three authors independently selected the eligible trials, assessed the trial quality, risk of bias and extracted data. Researchers were
contacted to obtain missing information.

Main results

Five RCTs and 297 participants were included in this review. Using meta-analysis on roentgen stereophotogrammetric analysis (RSA) we
observed that cemented fixation of the tibial components demonstrated smaller displacement in relation to cementless fixation (with
and without hydroxyapatite) after a follow-up of two years (maximum total point-motion, N = 167, two RCTs, mean difference (MD) = 0.52
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mm, 95% confidence interval (Cl) 0.31 to 0.74). However, the risk of future aseptic loosening with uncemented fixation was approximately
half that of cemented fixation according to the arthroplasty instability classification (moderate quality as assessed by GRADE) inferred
from RSA (N =216, three RCTs, risk ratio (RR) = 0.47, 95% Cl 0.24 to 0.92) with a 16% absolute risk difference between groups. The number
needed to treat for an additional beneficial outcome (NNTB) to prevent future aseptic loosening was 7 (95% Cl 5 to 44). There was a low
risk of bias for RSA among the studies included. It was not possible to perform meta-analysis on patient-important outcomes, such as the
survival rate of the implant (any change of a component), patient global assessments, functional measures, pain, health-related quality
of life measures and adverse events. Almost all included studies recorded functional measures of Knee Society and Hospital for Special
Surgery knee scores, but the authors of each study found no significant difference between the groups.

Authors' conclusions

There was a smaller displacement of the cemented tibial component in relation to the cementless fixation in studies with osteoarthritis
and rheumatoid arthritis participants who underwent primary total knee prosthesis with a follow-up of two years; however, the cemented
fixation presented a greater risk of future aseptic loosening than cementless fixation.

PLAIN LANGUAGE SUMMARY

Fixation options of total knee replacement for osteoarthritis and other non-traumatic diseases

This summary of a Cochrane review presents previous research about the effects of cemented, cementless or hybrid fixation of total knee
replacement (arthroplasty) for osteoarthritis and other non-traumatic diseases.

Through three high quality trials and 216 participants, we observed that:

- The risk of future aseptic loosening with uncemented fixation is approximately half that of cemented fixation in people with knee
osteoarthritis and other non-traumatic diseases.

- Sixteen fewer people out of 100 had a future prediction of arthroplasty instability with uncemented fixation (16% fewer, ranging from
27% fewer to 5% fewer).

- Thirteen people out of 100 had a future prediction of arthroplasty instability with uncemented fixation.
- Twenty-nine people out of 100 had a future prediction of arthroplasty instability with cemented fixation.
These conclusions were based on an arthroplasty instability classification inferred from radiographic measures.

We have no available evidence provided by this review regarding the survival rate of the implant (any change of a component), patient
global assessments, functional measures, pain and health-related quality of life measures.

We often do not have precise information about adverse events and complications. This is particularly true for rare but serious adverse
events. Possible adverse events may include deep vein thrombosis and rare complications may include infections.

What is osteoarthritis and other non-traumatic diseases of the knee and what types of knee implant fixation methods are available?

Osteoarthritis, also known as degenerative joint disease, has a variety of causes. Osteoarthritis can be classified as either primary or
secondary, depending on whether thereis anidentifiable underlying cause. Most cases of the disease have no known cause and are referred
to as primary osteoarthritis. Primary osteoarthritis is mostly related to aging. The causes of secondary osteoarthritis include rheumatoid
arthritis, a disease in which the immune system attacks the joints (post-traumatic causes were not included in this review).

In some patients, damage and pain in the knee from arthritis may be severe enough for surgery. In these patients, the damaged joint
surfaces can be replaced by an artificial joint or knee implant. In total knee replacement surgery, the ends of the long bones of the leg
(femur and tibia) are usually replaced with metal ends, and an insert is placed between them. The femoral and tibial components can
be fixed to the bone with or without cement. Cementation of the tibial component while leaving the femoral component cementless is
a hybrid technique.

It is not clear which fixation obtains the best clinical, functional and radiographic results in people with osteoarthritis and other non-
traumatic diseases, such as rheumatoid arthritis. The use of cement in total knee arthroplasty fixation is considered by many authors to
be the gold standard but remains a controversial issue.

Cemented, cementless or hybrid fixation options in total knee arthroplasty for osteoarthritis and other non-traumatic diseases (Review) 2
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SUMMARY OF FINDINGS

Summary of findings for the main comparison. Uncemented fixation with and without hydroxyapatite compared to cemented fixation for
osteoarthritis and other non-traumatic diseases

Uncemented fixation with and without hydroxyapatite compared to cemented fixation for osteoarthritis and other non-traumatic diseases

Patient or population: Patients with osteoarthritis and other non-traumatic diseases
Settings: Osteoarthritis (non-post-traumatic patients)
Intervention: Uncemented with and without hydroxyapatite

Comparison: Cemented

Outcomes Illustrative comparative risks* Relative effect  No of Partici- Quality of the Comments
(95% Cl) (95% Cl) pants evidence
(studies) (GRADE)
Assumed risk Corresponding
risk
Cemented Uncemented
with and with-
out hydroxya-
patite
Arthroplasty instabil- 287 per 1000 135 per 1000 RR 0.47 216 PP Arthroplasty instability was considered an event.
ity - (69 to 264) (0.24t0 0.92) (3 studies) moderate 1 This outcome predicts knee arthroplasty revision
rates because of aseptic loosening (provides indi-
inferred from roent- rect evidence).
gen stereopho-
togrammetric analy- Absolute risk difference = 16% (95% CI -0.27 to
sis -0.05)
(Available data analy- Relative percent change = 53% (95% CI 8 to 76%)
sis)
NNTH =7 (95% CI 5 to 44)
Follow-up: 1 to 2 years
Survival rate of the See comment See comment 0 See comment Survival rate of the implant is a long term out-
implant (any change (0) come not available in included studies (2 to 5
of a component) year follow-up).
Global Assessment See comment See comment 27 See comment Toksvig-Larsen 1988 reported that all of the pa-
(Patient) (1) tients were satisfied with the results at a 2 year

follow-up. We found no mention of degrees of
satisfaction.
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Functional measures See comment See comment 240 See comment Knee Society and HSS knee scores were record-
with validated instru- (4) ed. The SD of the mean of the results was not re-
ments ported. The authors found no significant differ-
ence between the groups.
Pain See comment See comment 0 See comment Not reported.
(0)
Health-related quali-  See comment See comment 0 See comment Not reported.
ty of life measures (0)
Total adverse event See comment See comment 0 See comment No evidence available2
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*The basis for the assumed risk (e.g. the median control group risk among studies) is provided in the footnotes. The corresponding risk (and its 95% Cl) is based on the as-
sumed risk in the comparison group and the relative effect of the intervention (and its 95% Cl).
Cl: Confidence interval; RR: Risk ratio;

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

1 Roentgen stereophotogrammetric analysis predicts the arthroplasty instability. We downgraded for indirectness of evidence.
2The type of fixation of the femoral component was different from the tibial componentin 3 out of 4 studies. It was not possible to correlate some adverse events to the cementation
of the arthroplasty from the study description even when the type of fixation of the femoral and tibial components was the same (Nilsson 1999).
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BACKGROUND

Description of the condition

After many years of suffering from the knee joint pain due
to disabling diseases, such as rheumatoid arthritis (RA) and
osteoarthritis (OA), the only remaining treatment for many patients
is surgery and replacement of the joint surfaces with a total knee
arthroplasty (TKA). Approximately 20,000 patients undergo TKA in
the UK with an annual hospital cost of £70 million showing the
economic impact of this disease (McCormack 2009).

The major reason for prosthesis failure is aseptic loosening of the
implant (Huiskes 1998). Aseptic loosening of the prosthesis can be
related to the type of fixation of the implants, since the quality
of fixation of the prosthesis and the load transfer characteristics
between the implant and bone are important factors that affect
the durability of the arthroplasty (Whiteside 2006). Continued
developments are aimed at improving the results of TKA.

Description of the intervention

Prosthesis systems can be crudely divided into two groups:
cemented and cementless systems. Additionally, two hybrid
techniques are currently used: 1) cementation of the tibial
component while leaving the femoral component cementless, and
2) partial cementation of the tibial component (i.e. cementing
the base plate and leaving the tibial stem cementless). While
some studies have reported outcomes of fully cemented or fully
cementless total knee arthroplasties, some studies have simply
reported the outcomes of tibial or femoral components from fully
cemented, fully cementless, or hybrid systems. Early implants for
TKA were fixed to the bone with cement. To improve the survival
of the arthroplasty, the cementless implant was developed to
proportionate biologic fixation by osseous ingrowth in the implant
with a potentially more durable bond of the prosthesis to the bone
than the cemented implant (Fehring 2006).

How the intervention might work

Roentgenographic (X-ray) and histological evaluation of the bone-
cement interface in loosened arthroplasties indicate a pathologic
response to foreign materials. Therefore, bone cement has been
implicated to be involved in the pathogenesis of implant failure
(Harris 1976; Mirra 1976). Cement has not been confirmed to
be the initiator of osteolytic problems, and osteolysis has been
reported with uncemented arthroplasties (Maloney 1996). Aseptic
loosening is mainly related to wear particles of the prosthetic
components, but it remains doubtful whether the use of cement
affects the durability of the prosthesis (Khaw 2002). The fixation
of the prosthesis without cement has the advantage of having
a shorter surgical time and ease of arthroplasty revision as the
cement is not interlocked with the bone (Fehring 2006). Because
cement fixation is not present to help protect against excessive
point loading, alignment is more crucial in cementless knee
replacements (Brassard 2006).

On the other hand, the cemented fixation of the total knee
replacement is considered to be the gold standard by many
orthopedic surgeons (Fehring 2006). Cementation potentially
creates a barrier against wear debris preventing osteolysis and
loosening (McCaskie 1998). Additionally, cement may help to better
distribute stresses and strains to the surrounding bone, thereby
adding longevity to the implant.

The survival rate of the implant is one of the most important
outcomes to be analyzed, and aseptic loosening is the major
cause of arthroplasty failure. Most randomized controlled trials
comparing the cemented total knee arthroplasty with uncemented
total knee arthroplasty have a follow-up of up to five years, which
may be insufficient to show a difference in survival rate. Roentgen
stereophotogrammetric analysis (RSA), a radiological method that
can predict the risk of future aseptic loosening (predictive power
of approximately 85%) through the analysis of small movements of
the implant, has been used in studies with a follow-up of two years
(Karrholm 2006; Ryd 1995).

In addition to the ability to maintain mechanical contact to the
implantation site, various attributes, such as knee function, knee
pain, susceptibility to certain complications, ease of re-operation
and cost consumption, are also of interest.

Why it is important to do this review

Gandhi 2009 conducted meta-analyses to verify clinical function
and survival of fully cemented and fully uncemented prostheses in
total knee replacement. These meta-analyses included randomized
and quasi-randomized controlled trials and observational studies.
Gandhi 2009 excluded studies with hybrid fixation of the
arthroplasty and did not exclude the studies with post-traumatic
participants. The survival rate of the implant free of aseptic
loosening was based on studies with a minimum follow-up of two
years, and in a subgroup analysis of data only from RCTs showed no
differences between the groups for odds of aseptic loosening (Odds
ratio (OR) 1.9, 95% CI 0.55 to 6.40; P = 0.314).

Our systematic review included only randomized controlled
studies. Studies with hybrid fixation were included and post-
traumatic studies were excluded. In addition to clinical function
and survival of implants studied by Gandhi 2009, our systematic
review included RSA to provide an idea of aseptic loosening even
with a short follow-up of two years. Other outcomes were foreseen
in our systematic review like health-related quality of life measures
and total adverse events (Types of outcome measures).

A number of RCTs have been performed with conflicting results.
The use of cement in TKA fixation is considered by many authors to
be the gold standard but remains a controversial issue. There are
other issues that can potentially affect the results of a total knee
arthroplasty but remain inconclusive (mobile bearing versus fixed
bearing, and posterior cruciate ligament sacrifice versus posterior
cruciate ligament retention) and are analyzed in other systematic
reviews (Wilco 2001; Wilco 2005).

OBJECTIVES

To assess the effects (benefits and harms) of cemented, cementless
and hybrid knee prostheses fixation techniques in participants
with primary osteoarthritis (osteoarthritis following trauma was
not included) and other non-traumatic diseases.

METHODS

Criteria for considering studies for this review
Types of studies

We included reports of randomized controlled trials. In the case
of multiple publications of a given data set, we included the first

Cemented, cementless or hybrid fixation options in total knee arthroplasty for osteoarthritis and other non-traumatic diseases (Review) 5
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published article in our analysis. Exceptions to this rule were made
if a more recent publication corroborated the results of a longer
follow-up.

Types of participants

Patients aged 18 years or older who were undergoing implantation
of a primary knee arthroplasty were eligible. We considered all of
the diagnostic indications for the implantation of a TKA, especially
osteoarthritis and rheumatoid arthritis. Participants that received
a TKA following trauma or revision arthroplasties were excluded.

Types of interventions

The intervention of interest was the primary implantation of a
cemented, cementless or hybrid total knee prosthesis.

- Cemented fixation of the arthroplasty components versus
cementless fixation of the arthroplasty components (with or
without hydroxyapatite).

- Cemented fixation of the arthroplasty components versus hybrid
fixation (cementless fixation with or without hydroxyapatite of
one arthroplasty component and cemented fixation of the other
component).

- Cementless fixation of the arthroplasty components (with or
without hydroxyapatite) versus hybrid fixation (cementless fixation
with or without hydroxyapatite of one arthroplasty component and
cemented fixation of the other component).

Types of outcome measures

The major outcomes considered were the survival rate of
the implant, roentgen stereophotogrammetric analysis (absolute
values of rotation in three orthogonal axes (transverse, longitudinal
and sagittal), maximum total point-motion (MTPM), subsidence,
lift-off, induced displacement and arthroplasty instability (indirect
outcome)), functional measures with validated instruments
(e.g. OXFORD, IKDC), knee pain (e.g. VAS), range of motion
(with validated methods), general functional abilities (e.g.
WOMAC), health-related quality of life measures (e.g. SF36),
global assessment (patient), total adverse event (e.g. deep vein
thrombosis).

Minor outcomes considered included length of surgery (in
minutes), operative blood loss (in milliliters), red blood cell count,
hemoglobin level, hematocrit, postoperative blood transfusion
(in units), rate of lateral release, days to mobilization, length
of hospital stay (days), discharge destination, walking aids at
discharge, extensor mechanism function, gait analysis results and
costs.

The outcomes were evaluated with validated instruments, and
although all of the scales were reported in the review, the pooling
of instruments that have not been validated in the next update of
the review will be examined in a sensitivity analysis.

Search methods for identification of studies

The following databases were searched to identify randomized
controlled trials from inception until 31 October 2011:

« the Cochrane Central Register of Controlled Trials (CENTRAL in
The Cochrane Library 2011, issue 10);

« Current Controlled Trials (www.controlled-trials.com);
o MEDLINE via PubMed;
« EMBASE;

« LILACS (Latin American and Caribbean Health Science Literature
available at http://bases.bvs.br);

o Cumulative Index to Nursing and Allied Health Literature
(CINAHL);

« SPORTDiscus;
« Health Technology Assessment Database (HTA);
« Database of Abstracts of Reviews of Effectiveness (DARE).

The "optimal" sensitivity search strategies designed to identify
clinical trials were used, as described by Dickersin et al (Dickersin
1994) and Castro et al (Castro 1999).

Complete strategies are described for CENTRAL (Appendix 1),
MEDLINE via PubMed (Appendix 2), EMBASE via OVID (Appendix 3)
and LILACS (Appendix 4).

In addition to these electronic search strategies, we performed
handsearches of high-yield journals (The Journal of Bone and Joint
Surgery - American Volume (1980 to October 2011), The Journal of
Bone and Joint Surgery - British Volume (1980 to October 2011),
The Journal of Arthroplasty (1986 to October 2011) and Clinical
Orthopaedics and Related Research (1980 to October 2011)), and
additionally, we surveyed the reference lists of relevant articles.
Researchers were contacted personally to retrieve information that
was not presented in the original articles. No language restrictions
were applied.

Data collection and analysis
Selection of studies

Two authors (GYN and OAL) independently selected trials for
inclusion, extracted data, assessed trial quality and analyzed
results. When there were disagreements, a third author (MSP) was
consulted, and in situations where a consensus was not reached,
the data were not included in the review until the author of the trial
resolved the question.

Data extraction and management

Thereview authors screened the titles and abstracts of publications
obtained by the search strategy. If a study fulfilled the inclusion
criteria, the data concerning methodological issues, characteristics
of participants, interventions and outcome measures were
independently extracted using a standard extraction form. A one
year follow-up was considered a short-term follow-up and five years
or more was considered a long-term follow-up.

Assessment of risk of bias in included studies

The risk of bias in included studies was assessed by two authors
(GYN and OAL) according to the Cochrane Handbook (Higgins
2011). When there were disagreements a third author (MSP) was
consulted.

The domains used in the risk of bias tool were:
- random sequence generation;

- allocation concealment;
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- blinding of participants and personnel (surgeons);
- blinding of outcome assessment;

- incomplete outcome data;

- selective reporting.

Measures of treatment effect

Fordichotomous data, risk ratios (RR) and 95% confidence intervals
(Cl) were estimated according to the intention-to-treat principles.
For pooled data, the random-effects model was used. For all
statistically significant results, the number needed to treat for an
additional beneficial outcome (NNTB) and/or the number needed
to treat for an additional harmful outcome (NNTH) were also
calculated using the Cates calculator for dichotomous data (Cates
2004).

Continuous outcomes were analyzed with the mean and standard
deviation of endpoint measures. For the meta-analysis of
continuous outcomes, mean differences (MDs) between groups
were estimated, and when different scales were used, standardized
mean differences (SMDs) were estimated. A random-effects model
was used for all of the analyses in this review.

Data on continuous outcomes are frequently skewed with the mean
being different from the center of the distribution. The statistics
for meta-analysis are thought to be able to cope with some skew
but were actually formulated for parametric data. To avoid this
potential pitfall, the following standards were applied to all of the
data before inclusion: (1) standard deviations and means were
reported or obtained from authors, and (2) for data with finite
limits, such as endpoint scale data, the standard deviation (SD),
when multiplied by two, had to be less than the mean. Otherwise,
the mean would be unlikely to be an appropriate measure of the
center of the distribution. In such circumstances, skewness must

be handled through transforming the data, if possible, or through
a sensitivity analysis (Higgins 2011). For skewed data, the analysis
suggested by Altman (Altman 1995; Altman 1996) must be used.
However, we found no skewed data.

Unit of analysis issues

There was no unit of analysis error. The number of observations
matched the number of participants knees randomized.

Dealing with missing data

We performed an analysis of data based on available data and
intention-to-treat principles (Higgins 2011).

For dichotomous data, we assumed either poor outcomes or good
outcomes for withdrawn participants. For arthroplasty instability
classification, we assumed either that all missing participants were
stable, or that all missing participants were unstable.

For continuous data, when participants were lost to follow-up
and the individual data of all participants were available, the last
available observation outcome of each participant withdrawn from
the study was imputed in the intention-to-treat analysis. The mean
value of the first evaluation outcome of the randomized group
was attributed to each randomized participant withdrawn from the
study before the first evaluation.

For continuous data, when participants were withdrawn from the
study and the individual data of all participants were not available,
the mean and standard deviation of all the randomized participants
were calculated using the mean and standard deviation of the
analyzed participant groups and the mean and standard deviation
of the participants withdrawn from the study based on the known
last evaluation outcome. The mean and standard deviation of
all the randomized participants were calculated according to the
formulasin Figure 1 and in Figure 2 (Morais 2012).
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Figure 1.
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Figure 2.

(N, —1)sp + Ny Xy +(n, —1)s% +n X7

y  (MpXy +Nn,X,)

My + R,

e +1,—1
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Assessment of heterogeneity

Heterogeneity was assessed using the Chi2 test in conjunction
with the 12 statistic (a value greater than 50% was considered to
demonstrate substantial heterogeneity). The significance for the
Chi2 test was set at P < 0.10 due to the low power of this test
(Higgins 2011). We also assessed the heterogeneity of estimate
effects between the included studies by visual inspection of the
forest plot analysis. When significant heterogeneity was present,
we attempted to explain the differences based on the clinical
characteristics of the included studies.

Assessment of reporting biases

When possible, we plotted data on a funnel graph in order to assess
publication bias.

Data synthesis

Statistical analyses were conducted using Review Manager 5
(RevMan) software.

Continuous data were entered as means and standard deviations.

Dichotomous data were entered as events and number of
participants.

The intention-to-treat analysis for dichotomous data assumed
either that all of the missing participants experienced the event or
that all of the missing participants did not experience the event.

In the absence of significant heterogeneity and given sufficient
included trials, the results were combined for the meta-analysis
using the random-effects model.

We used the grading system described in the GRADE handbook for
grading the quality of evidence (Schiinemann 2009) recommended
by the Cochrane Handbook (Higgins 2011).

Subgroup analysis and investigation of heterogeneity

It is possible that the treatment effects might differ not because
of statistical heterogeneity, but rather clinical heterogeneity (e.g.
cemented or cementless endoprosthesis may be more effective
in osteoarthritis than in rheumatoid arthritis or vice versa). To
evaluate this possibility, we carried out stratification for the
most important clinical parameters (effect modifiers) that could
influence the effect of the knee endoprosthesis technique on the
selected clinical outcomes.

Sensitivity analysis

It was not possible to perform a sensitivity analysis.
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RESULTS

Description of studies
Results of the search

The database search resulted in 551 references. Of these, 533
studies were considered to be irrelevant based on the title, abstract
and full text. After personal communication with at least one of
the authors, six studies were withdrawn because they did not
meet the systematic review inclusion criteria (Albrektsson 1992;
Beaupré 2007; Ishii 2005a; Keblish 1993; Khaw 2002; Nilsson 2006).
The studies by Onsten 1998 and Khaw 2002 were the same as
the studies by Carlsson 2005 and Baker 2007 with a shorter
follow-up, respectively. Two studies (Nilsson 1992; Parker 2001)
are awaiting classification because one author of each study

was contacted, but there has not been a reply to our request
concerning the etiology of osteoarthritis (i.e. post-traumatic or
not). Three studies (Demey 2010; Dunbar 2009; Nelissen 1998)
are awaiting classification depending on participant characteristics
(there was no feedback from authors to know if they included
post-traumatic osteoarthritis). For more information, see the table
'Characteristics of studies awaiting classification'. Five studies
met the inclusion criteria. Full details of the included studies
are given in the table 'Characteristics of included studies' The
studies by Carlsson 2005, Nilsson 1999 and Toksvig-Larsen 1998
included 238 tibial components of participants that were evaluated
in this systematic review. Uvehammer 2007 studied the femoral
components. Ishii 2005b studied the perioperative blood loss in
cementless and hybrid total knee arthroplasty. The study flow
diagram is summarized in Figure 3.
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Figure 3. Study flow diagram.
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Included studies

Toksvig-Larsen 1998 analyzed the total knee arthroplasty tibial
components randomized to cemented or uncemented without
hydroxyapatite (HA) fixation. A follow-up of two years was
used for 27 OA participants (28 knees) that were included in
this study. The following measures were evaluated: roentgen
stereophotogrammetric analysis (RSA), induced displacement,
maximum total point-motion (MTPM) and subsidence, hip-knee-
ankle-angle (HKA), Hospital for Special Surgery knee score (HSS),
extension, flexion and walking distance.

Nilsson 1999 analyzed the tibial components randomized to
cemented or uncemented with hydroxyapatite fixation, and 43 OA
participants (45 knees) and 13 RA (15 knees) were included in this
study with a follow-up of five years. The following measures were
evaluated: RSA (absolute values of rotation in three orthogonal
axes, MTPM, subsidence, and lift-off), Knee Society knee score,
range of motion and radiolucent line analysis at the interface of the
tibial component as described by the Knee Society.

Carlsson 2005 analyzed the tibial components randomized to
cemented, uncemented without hydroxyapatite, or uncemented
with hydroxyapatite fixation, and 120 OA participants (150 knees)
were included in this study with a follow-up of five years. The
following measures were evaluated: RSA (absolute values of
rotation in three orthogonal axes, MTPM, subsidence, and lift-
off), the Knee Society clinical rating system and the method of
Ewald (the radiographs were evaluated for any osteolytic lesions
or any progressive implant bone or cement-bone lucencies using
the method of Ewald, in which the interface around the tibial
component was analyzed in 10 zones on antero-posterior and
lateral radiographs).

Ishii 2005b randomized participants (54 OA and 3 RA participants)
to the prosthesis fixed without cement or hybrid (cemented tibia

and femur without cement) and analyzed total blood loss. Red
blood cell count, hemoglobin level, and hematocrit were recorded
preoperatively and one week, four weeks, and three months
postoperatively. Torniquet time and operation time were recorded
too.

Uvehammer 2007 analyzed the femoral components randomized to
cemented or uncemented with hydroxyapatite fixation, and 50 OA
participants (54 knees) were included in this study with a follow-
up of two years. The following measures were evaluated: RSA
(absolute values of rotation in three orthogonal axes), HKA, and
HSS.

Excluded studies

The following exclusion criteria were used for these eight studies
(Albrektsson 1992; Baker 2007; Beaupré 2007; Ishii 2005a; Keblish
1993; Khaw 2002; Nilsson 2006; Onsten 1998): two studies
evaluated post-traumatic osteoarthritis participants (Albrektsson
1992; Nilsson 2006); in one study, the prosthesis was always
cemented (Keblish 1993); the study by Onsten 1998 was the same
as the study by Carlsson 2005 with a shorter follow-up; two studies
did not differentiate whether arthritis was post-traumatic or not
(Beaupré 2007; Khaw 2002); one study was not randomized (Ishii
2005a); and the study by Baker 2007 was the same as the study by
Khaw 2002 with a longer follow-up. For exclusion details, see the
table 'Characteristics of excluded studies".

Risk of bias in included studies

We assessed the risk of bias of the trials included in this review (see
table 'Characteristics of included studies') according to the criteria
in the Cochrane Handbook for Systematic Reviews of Interventions
(Higgins 2011) and generated risk of bias figures (Figure 4 and
Figure 5).

Figure 4. Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages

across all included studies.
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Figure 5. Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Allocation

Allocation concealment was considered adequate in four studies
(Carlsson 2005; Nilsson 1999; Toksvig-Larsen 1998; Uvehammer
2007). Ishii 2005b was the only study that did not describe the
allocation concealment.

Blinding

Only Carlsson 2005 reported that participants were blinded for the
intervention. In this type of study, the surgeon cannot be blinded to
the fixation. The clinical measures were assessed by the surgeons
in the studies by Toksvig-Larsen 1998, Nilsson 1999 and Carlsson
2005. Uvehammer 2007 did not comment on whether the outcome
assessors were blinded.

Incomplete outcome data

The withdrawal/drop-out rate was described, acceptable (< 20%)
and comparable in both groups in Carlsson 2005 and Ishii 2005b
studies. The rate of drop-out in the studies by Nilsson 1999 and
Uvehammer 2007 was described and was comparable in both
groups, but was not acceptable (missing outcome data were
balanced in numbers across intervention groups with similar
reasons for missing data across groups). In the study by Toksvig-
Larsen 1998, the withdrawal/drop-out rate was described, was not
acceptable and was not comparable between the groups.

Selective reporting

All of the included studies were considered to be free of selective
reporting.

Other potential sources of bias

None known.

Effects of interventions

See: Summary of findings for the main comparison Uncemented
fixation with and without hydroxyapatite compared to cemented
fixation for osteoarthritis and other non-traumatic diseases

Meta-analysis

Carlsson 2005 provided us with the individual results of all of
the participants (Carlsson 2005), which facilitated the intention-
to-treat analysis. In the study by Nilsson 1999, we collected the
mean and standard deviation of the analyzed participants group
and the individual outcomes of the last evaluation of participants
withdrawn from study. We have described the calculation of the
mean and standard deviation of all of the randomized participants
from the studies by Carlsson 2005 and Nilsson 1999 in the Data
collection and analysis section (statistical analyses).

A meta-analysis was performed on the measures presented
for more than one study comparing the same follow-up. An
intention-to-treat analysis and the study available data analysis
were performed. Comparable data included the following:
absolute values around the three orthogonal axes (transverse,
longitudinal and sagittal), maximum total point motion (MTPM) and
arthroplasty instability (Ryd 1995).

We could not perform a meta-analysis on clinical outcomes
presented in the included studies (Knee Society knee score,
Hospital for Special Surgery knee score, Range of Motion and
Satisfaction) because the combination of tibial and femoral fixation

was not comparable among the studies. For example, in the study
by Nilsson 1999, if a patient was randomized to cemented tibial
fixation, the femoral component should have been cemented as
well. However, in the study by Carlsson 2005, if a patient was
randomized to the cemented fixation, the femoral fixation was
performed according to the preference of the surgeons.

It was not possible to include the study by Uvehammer 2007 in the
meta-analysis because it did not have comparable data.

Cemented fixation of the tibial arthroplasty component versus
cementless fixation of the tibial component with hydroxyapatite

Major outcomes

1. Roentgen stereophotogrammetric analysis

1a. Absolute values of rotation in three orthogonal axes (transverse,
longitudinal, and sagittal)

The absolute rotation around the longitudinal and sagittal axes
(five year follow-up) in an intention-to-treat analysis of the studies
by Nilsson 1999 and Carlsson 2005 revealed a MD of 0.26 degrees
(95% C1 0.04 to 0.47; P=0.02) and 0.22 degrees (95% CI 0.01 to 0.42;
P=0.04), respectively, which favored the cemented fixation over the
uncemented fixation with hydroxyapatite.

We found no differences among the groups in the transverse axis in
available data analyses of the three orthogonal axes.

1b. Arthroplasty instability

According to instability classification, uncemented fixation with
hydroxyapatite was superior to cemented fixation according
to available data (arthroplasty instability was considered an
event), an intention-to-treat analysis (missing participants were
categorized as unstable), and an intention-to-treat analysis
(missing participants were categorized as stable), which revealed
a RR of 0.34 (95% Cl 0.15 to 0.74; P = 0.007), a RR of 0.47 (95%
Cl 0.26 to 0.85; P = 0.01), and a RR of 0.34 (95% Cl 0.15 to 0.74; P
= 0.008), respectively (Carlsson 2005; Nilsson 1999). A NNTH of 6
was found for available data, an intention-to-treat analysis (missing
participants were categorized as unstable), and an intention-to-
treat analysis (missing participants were categorized as stable).
One additional person will likely incur arthroplasty instability for
every six participants receiving cemented fixation rather than
uncemented fixation with hydroxyapatite.

Cemented fixation of the tibial arthroplasty component versus
cementless fixation of the tibial component with and without
hydroxyapatite

Major outcomes

1. Roentgen stereophotogrammetric analysis

la. Absolute values of rotation in three orthogonal axes (transverse,
longitudinal, and sagittal)

A meta-analysis of Nilsson 1999 and Carlsson 2005 demonstrated
that cemented fixation was superior to uncemented fixation with
and without hydroxyapatite (uncemented types of fixation were
grouped together). The MD was 0.33 degrees (95% CI 0.09 to 0.58;
P = 0.008) for absolute rotation around the longitudinal axis (five
year follow-up) through an intention-to-treat analysis. For absolute
rotation around the sagittal axis (five year follow-up), the MD was
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0.15 degrees (95% CI 0.01 to 0.29; P = 0.03) through available data
analysis and 0.20 degrees (95% CI 0.04 to 0.36; P =0.02) through an
intention-to-treat analysis.

We found no differences among the groups in the transverse axis.
1b. Maximum total point-motion (MTPM)

Regarding the 12-month MTPM (Carlsson 2005; Toksvig-Larsen
1998), cemented fixation was superior to uncemented fixation with
or without hydroxyapatite according to the available data and an
intention-to-treat analysis, revealing MTPMs of 0.61 mm (MD) (95%
Cl10.37 to 0.84; P <0.00001) and 0.60 mm (MD) (95% Cl 0.38 to 0.82;
P < 0.00001), respectively. The 24-month MTPM data confirmed
the superiority of cemented fixation to uncemented fixation with
or without hydroxyapatite according to the available data and an
intention-to-treat analysis, which revealed MTPMs of 0.52 mm (MD)
(95% C1 0.31 t0 0.74; P < 0.00001) and 0.52 mm (MD) (95% Cl 0.31 to
0.72; P <0.00001), respectively.

1c. Arthroplasty instability

Concerning arthroplasty instability (Ryd 1995), uncemented
fixation with and without hydroxyapatite was found to be
superior to cemented fixation through available data (arthroplasty
instability was considered an event) and an intention-to-treat
analysis (missing participants were categorized as stable), revealing
an RR of 0.47 (95% Cl 0.24 to 0.92; P = 0.03) and an RR of 0.40
(95% C10.22t0 0.73; P =0.003), respectively. We found no difference
with the same comparison using an intention-to-treat analysis
when missing participants were categorized as unstable, which
revealed an RR of 0.78 (95% CI 0.36 to 1.68; P =0.53 (Carlsson 2005;
Nilsson 1999; Toksvig-Larsen 1998). Numbers needed to treat for an
additional harmful outcome (NNTH) were 7 and 8 for available data
analysis and an intention-to-treat analysis, respectively (missing
participants were categorized as stable).

Cemented fixation of the tibial arthroplasty component
versus cementless fixation of the tibial component without
hydroxyapatite

Major outcomes

1. Roentgen stereophotogrammetric analysis
la. Maximum total point-motion (MTPM)

Regarding the 12-month MTPM (Carlsson 2005; Toksvig-Larsen
1998), cemented fixation was superior to uncemented fixation
without hydroxyapatite according to available data and an
intention-to-treat analysis, which reported MTPMs of 0.64 mm (MD)
(95% Cl 0.43 to 0.85; P < 0.00001) and 0.62 mm (MD) (95% Cl
0.42 to 0.81; P < 0.00001), respectively. The 24-month MTPM data
confirmed the superiority of cemented fixation to uncemented
fixation with or without hydroxyapatite according to the available
data and an intention-to-treat analysis, which revealed MTPMs of
0.54 mm (MD) (95% CI 0.33 to 0.75; P < 0.00001) and 0.52 mm (MD)
(95% C10.33t0 0.72; P < 0.00001), respectively.

1b. Arthroplasty instability

We found no differences regarding arthroplasty instability when
uncemented fixation without hydroxyapatite was compared to
cemented fixation using available data (arthroplasty instability
was considered an event), an intention-to-treat analysis (missing

participants were categorized as unstable), and another intention-
to-treat analysis (missing participants were categorized as stable),
which revealed RRs of 0.54 (95% CI 0.24 to 1.22; P =0.14), 0.66 (95%
Cl 0.37 to 1.17; P = 0.15), and 0.61 (95% Cl 0.20 to 1.90; P = 0.4),
respectively (Carlsson 2005; Toksvig-Larsen 1998).

Outcomes not analyzed by meta-analysis

A meta-analysis and an intention-to-treat analysis were performed
on the available data when outcomes were observed in more than
one study with the same follow-up time. The tibial component was
randomized in all of the studies except the study by Uvehammer
2007 (randomization of the femoral component). We could not
perform a meta-analysis on the following outcomes.

The Hospital for Special Surgery knee score (HSS) results were
reported in the studies by Uvehammer 2007 and Toksvig-Larsen
1998. This rating system generates a maximum score of 100 points.
The resultant score was classified in the following ranges: > 85
was excellent, 70 to 84 was good, 60 to 69 was fair and < 60 was
poor. According to Uvehammer 2007, at the two year follow-up,
the median HSS scores for the cemented (N =27) and uncemented
with hydroxyapatite (N = 21) femoral component groups were 92
(no SD; range 66 to 98) and 94 (no SD; range 70 to 98), respectively
(P = 0.4) (the preoperative score was not reported). In the study
by Toksvig-Larsen 1998, the median HSS preoperative scores for
the cemented (N =9) and uncemented without hydroxyapatite (N
= 14) groups were 59 (no SD; range 46 to 79) and 59 (no SD; range
42 to 87), respectively. The postoperative scores at two years for
the cemented and uncemented groups were 93 (no SD; range 90
to 97) and 88 (no SD; range 74 to 98), respectively. No significant
differences were detected between the groups.

The Knee Society clinical rating system results were reported by
Carlsson 2005 and Nilsson 1999. The Knee Society clinical rating
score consists of two scores: a knee score and a functional score,
which range from 0 to 100 points, with 100 points being the
best score. Fifty of the 100 points in the knee score reflect pain
assessment. In the study by Carlsson 2005, knee osteoarthritis
cases were stratified into two series. Series | comprised 90
patients submitted to unilateral total knee replacement, and
Series Il comprised 30 patients with bilateral, simultaneous knee
replacements. The knees were randomized with respect to the
fixation of the tibial component: cemented, uncemented with
hydroxyapatite and uncemented without hydroxyapatite. The
study did not individualize the preoperative and postoperative
results to the type of tibial fixation but found no difference between
the groups (five year follow-up). In the study by Nilsson 1999, the
median Knee Society knee scores for the cemented (N = 26) and
uncemented with hydroxyapatite (N = 27) groups were 15 (no SD;
range 0 to 59) and 11 (no SD; range 0 to 43), respectively. At the
five year follow-up, the median Knee Society knee scores for the
cemented and uncemented with hydroxyapatite groups were 93
(no SD; range 69 to 99) and 93 (no SD; range 74 to 99), respectively.
No significant difference was detected between the groups.

According to the study by Toksvig-Larsen 1998, all of the patients
(9 cemented and 14 uncemented without hydroxyapatite) were
satisfied with the results at a two year follow-up.

Total blood loss, red blood cell count, hemoglobin level, and
hematocrit were reported by Ishii 2005b. Total blood loss did
not differ between the two groups (cemented tibial component,
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731 + 288 mL; cementless tibial component, 731 + 331 mL; P =
0.9117). Thered blood cell count, hemoglobin level, and hematocrit
returned to the preoperative levels within three months in both
groups. There were no significant differences in tourniquet time
(mean 65 * 13 versus 60 + 12 minutes in cementless and hybrid,
respectively) or operation time (59 + 12 and 55 £ 13 minutes,
respectively) between the groups. No patient needed an additional
transfusion. No significant difference was detected between the
groups.

Complications

Complications are summarized in Table 1.

Two deaths not related to surgical intervention and one myocardial
infarction before the first roentgen stereophotogrammetric
analysis (RSA) occurred in the study by Toksvig-Larsen 1998 (all
of the participants underwent tibial component fixation with
cement).

During the study by Nilsson 1999, eight deaths not related to
surgical intervention occurred (three from the cemented group
and five from the uncemented with hydroxyapatite group). Before
RSA, three participants were excluded: one due to myocardial
infarction on the third postoperative day, one due to hemorrhage
on the fifth postoperative day, and one participant was not treated
according to the protocol. From these participants, two belonged
to the cemented group and one belonged to the uncemented with
hydroxyapatite group. However, it was not possible to correlate
these participants to the events from the study description. Three
participants were revised (loosening of the tibial component
with uncemented fixation with hydroxyapatite occurred to
one participant in the seventh postoperative month, and two
participants with rheumatoid arthritis from the uncemented with
hydroxyapatite group were revised between the first and second
year due to infection).

Three participants were submitted to osteosynthesis due
to a supracondylar femoral fracture (one uncemented with
hydroxyapatite and two cemented) and remained in the analysis.
Patellar aseptic necrosis occurred in one participant treated
nonoperatively that evolved painlessly in a five year follow-up. A
participant from the cemented group was excluded due to cerebral
infarction after two years. In the study by Carlsson 2005, one
participant from the uncemented without hydroxyapatite group
was revised due to infection, another due to instability (cemented
group), and six participants died due to causes not related to
the intervention (one from the cemented group, four from the
uncemented without hydroxyapatite group and one from the
uncemented with hydroxyapatite group).

In the study by Uvehammer 2007, three unrelated deaths occurred
(two from the cemented group and one from the uncemented with
hydroxyapatite group).

Ishii 2005b reported no complications like persistent drainage,
dehiscence or infection.

Heterogeneity

Except for rotation about the longitudinal axis, the data for the
cemented fixation group versus the uncemented with and without
hydroxyapatite groups comparison demonstrated no statistically
significant heterogeneity using the Chi2 test in conjunction with

12 for all of the meta-analyses, including rotation about the
transversal and sagittal axes in the same studies. The heterogeneity
was also assessed by visual inspection of the forest plots (Analysis
1.1; Analysis 1.2; Analysis 1.3; Analysis 1.4; Analysis 2.1; Analysis 2.2;
Analysis 2.3; Analysis 2.4; Analysis 2.5; Analysis 2.6; Analysis 3.1;
Analysis 3.2; Analysis 3.3).

Subgroup analysis

Since Carlsson 2005 evaluated three types of tibial fixation
(cemented, uncemented without hydroxyapatite and uncemented
with hydroxyapatite), a comparison between the cemented group
and the two types of uncemented fixation was possible (Analysis
2.1; Analysis 2.2; Analysis 2.3; Analysis 2.4; Analysis 2.5; Analysis
2.6). While migration analysis through the MTPM demonstrated that
the cemented fixation migrated less than the uncemented types of
fixation in 24 months, the uncemented types of fixation appeared
to be more stable.

All of the studies included in this review evaluated
osteoarthritis participants. Nilsson 1999 included rheumatoid
arthritis participants, and because there was no significant
difference between these diagnoses, this author did not present
separated results. Therefore, it was not possible to analyze
subgroups according to the diagnosis. Ishii 2005b also included
three rheumatoid arthritis participants but separated results were
not provided.

Assessing publication bias

Afunnel plot with three and four studies was not considered useful
and, therefore, was not produced.

Grading of the evidence and summary of findings table

The meta-analysis outcome was graded (Summary of findings
for the main comparison) according to the GRADE approach
(Schiinemann 2009).

The following seven important outcomes were selected for the
summary of findings table: arthroplasty instability, survival of the
implant, global assessment (patient), functional measures with
validated instruments, pain, health-related quality of life, and total
adverse events.

The quality of evidence was classified as moderate for arthroplasty
instability because of the indirectness of the evidence.

We could not perform an analysis on the other patient-important
outcomes.

DISCUSSION

Summary of main results

Four of the five included studies (Carlsson 2005; Nilsson 1999;
Toksvig-Larsen 1998; Uvehammer 2007) evaluated clinical and
radiographic measures, with a particular focus on roentgen
stereophotogrammetric analyses (RSA).

Roentgen stereophotogrammetric analysis allows the accurate
three-dimensional measurement of micromotion between an
implant and the host bone using roentgen rays (Karrholm
2006; Valstar 2005). Usually tantalum markers are fixed into the
arthroplasty implant and into the bone where this implant is
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placed. After the surgery, control radiographs capture the distances
between markers inside the implant and those in the bone.
During follow-up, new radiographs are performed to measure
the distance between markers, and consequently between the
implantand bone. The most commonly used variables are absolute
rotation around the three axes, maximum total point-motion
(MTPM), lift-off, and subsidence. The rotations are measured
around the transverse (flexion/extension), longitudinal (internal/
external rotation) and sagittal (varus/valgus) axes. The MTPM is the
total three-dimensional vector translation of the marker with the
greatest motion.

Using high resolution analyses, small movements of the knee
implants in relatively low numbers of participants measured by
RSA after a short follow-up can predict the risk of future aseptic
loosening (Karrholm 2006; Ryd 1995). Ryd 1995 showed that
migration of the tibial component (MTPM) of more than 0.2 mm
between one and two years predicted the risk for future aseptic
loosening (predictive power of approximately 85%). Therefore,
cases migrating at a higher rate were considered unstable, while
those migrating at a lower rate were classified as stable.

For radiographic measures (using RSA), the risk of bias was
considered low for most of the key domains among the studies.
The blinding of outcome assessor was at high risk or unclear risk
of bias in all of the studies, but there is no importance of blinding
for RSA since this is an objective outcome. The quality of evidence
was considered high for analyses of absolute values of rotation in
the three orthogonal axes (transverse, longitudinal, and sagittal)
but was considered moderate for arthroplasty instability because
it was an indirect outcome. We considered there to be a high risk
of attrition bias in the study by Toksvig-Larsen 1998 because the
withdrawal/drop-out rate was described, was unacceptable and
was not comparable between the groups.

Using the available means and standard deviations from the
selected studies, we were able to execute the meta-analysis
and verify that tibial component fixation with cement presented
a smaller displacement than fixation without cement (with or
without hydroxyapatite) when evaluating MTPM through two years
of follow-up data (MTPM, N = 167, two RCTs, MD = 0.52 mm, 95% Cl
0.31 to 0.74). Furthermore, the intention-to-treat analysis verified
the superiority in this previously analyzed variable (24-months
MTPM, N = 173, two RCTs, MD = 0.52 mm, 95% Cl 0.31 t0 0.72).

These results were statistically significant; however, it is important
to note that the MDs of the studied variables were less than one
degree and less than one millimeter.

Carlsson 2005 study demonstrated the superiority of cemented
fixation over uncemented fixation concerning displacement at five
years and is in agreement with our systematic review. Toksvig-
Larsen 1998 showed that cemented tibial components had lesser
subsidence than uncemented components at two years.

Contrary to the previously mentioned findings, cementless
components demonstrated 4.7 times lower risk of future aseptic
loosening compared to cemented fixation according to the
arthroplasty instability classification inferred from RSA (N = 216,
three RCTs, RR = 0.47, 95% Cl 0.24 to 0.92). The quality of
this evidence is moderate and was downgraded by one level
because of indirectness of evidence. Probably uncemented total
knee arthroplasties are more stable and durable than cemented

arthroplasties, but this information must be confirmed through
RCTs with longer follow-up. Although aseptic loosening is mainly
related to wear debris, the role of bone cement as initiator of
osteolysis remains controversial (Harris 1976; Khaw 2002; Mirra
1976). On the other side, the cemented system can provide a more
effective seal from wear particles improving arthroplasty durability
(McCaskie 1998).

Although Nilsson 1999 observed no difference between
the hydroxyapatite-coated and cemented implants concerning
displacement at five years, he noted distinct migration patterns.
The uncemented components stabilized after an initial period of
early and larger migration, whereas the cemented components
did not show a tendency toward stabilization over time. This
presumably reflected the different biological reactions at the
implant-bone interface. A small difference at the level of the tibial
cut implied that the uncemented component initially rests on
only a small area of bone and gradually migrates until stronger
bone and an equilibrium are reached. According to Nilsson
1999, because hydroxyapatite is osteoconductive, even in partially
unstable conditions, it can be expected to shorten this period. The
continuous migration pattern of cemented components suggests
the presence of long-lasting bone remodeling at the interface when
cement is used.

Other issues that remain inconclusive in total knee arthroplasty
(mobile bearing versus fixed bearing, and posterior cruciate
ligament sacrifice versus posterior cruciate ligament retention)
are analyzed in other systematic reviews (Wilco 2001; Wilco
2005). Wilco 2001 systematic review included two studies and
found no superiority between mobile and fixed bearing for
total knee arthroplasty with regard to range of motion or
functional performance of the participants. Wilco 2005 systematic
review included studies with variable methodological quality and
concluded that there was no solid base to decide whether or not
to retain or sacrifice the posterior cruciate ligament in total knee
replacement.

Overall completeness and applicability of evidence

This systematic review has external validity for patients with
osteoarthritis of the knee and other non-traumatic diseases, for
example, rheumatoid arthritis. The exclusion criteria used in
included studies did not affect the external validity of the meta-
analyses performed (Characteristics of included studies). It is
important to remember that: 1) The results of this systematic
review do not apply to patients with post-traumatic osteoarthritis,
and 2) The most common type of knee osteoarthritis is primary
osteoarthritis (no known cause and is not a result of trauma). The
included studies were insufficient to address all of the objectives of
the review. We could not perform a meta-analysis on clinical and
functional outcomes presented in the included studies because
the combination of tibial and femoral fixation was not comparable
among the studies.

Primary studies have reported some complications or adverse
outcomes, and we could not investigate whether there was any
possible correlation with the type of fixation.

Nilsson 1999 was the only study to report revision due to loosening
(one participant with uncemented fixation with hydroxyapatite).
Any significant difference between the types of fixation could be
presented in studies with follow-ups longer than five years.
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Some complications were occasionally influenced by the type of
fixation of both components, but the studies were designed to
evaluate tibial or femoral components, and it was not possible
to compare studies analyzing the total knee prosthesis with both
components (femoral and tibial) fixed with cement, cementless or
hybrid. Nilsson 1999 and Carlsson 2005 analyzed the same follow-
up period, but we could not perform a meta-analysis on the adverse
outcomes because the femoral component was cemented or was
not consistent with the preference of the surgeon in the study
of Carlsson. As there were not two comparable groups between
the studies by Toksvig-Larsen 1998 (uncemented femur/cemented
tibia or uncemented femur/uncemented tibia) and Uvehammer
2007 (uncemented femur/cemented tibia or cemented femur/
uncemented tibia), we could not perform a meta-analysis on these
studies.

Other comparisons were not possible because the means and
standard deviations of other outcomes were not available.

The results of the review suggest that cementless total knee
arthroplasty is more durable than a cemented one, but this
supposition must be confirmed through RCTs with longer follow-
up. We must bear in mind that cementless total knee arthroplasty
is not available in all countries because it has a higher cost.

Future research must focus on major outcomes, such as health-
related quality of life measures.

Quality of the evidence

Through available data, uncemented fixation with and without
hydroxyapatite was found to be superior to cemented fixation
according to arthroplasty instability classification inferred from
RSA (N = 216, three RCTs, RR = 0.47, 95% Cl 0.24 to 0.92). The
quality of this evidence is moderate and was downgraded one
level because this is an indirect outcome that predicts arthroplasty
instability. We found no key methodological limitations of the
studies and their results were consistent. Arthroplasty instability is
animportant outcome for the surgeon and is something the patient
can understand. Taking into account the methodological quality
and power of included studies, the results of the review suggest
higher durability of cementless total knee arthroplasty.

Potential biases in the review process

The strengths of this systematic review are: there were no language
restrictions in search strategy, two authors independently selected
studies and a third author was consulted when there were
disagreements, and contact was made with all of the authors of
primary studies to obtain missing data.

Agreements and disagreements with other studies or
reviews

Gandhi 2009 conducted meta-analyses to verify clinical function
and survival of fully cemented and fully uncemented prostheses in
total knee replacement. In addition to these types of fixation, our
systematic review also studied hybrid fixation.

Gandhi 2009 included studies with participants with knee
osteoarthritis and rheumatoid arthritis, without exclusion of
studies with post-traumatic arthritis as in our systematic review.
This increases the external validity of Gandhi 2009, but increases
the heterogeneity of their patients.

Gandhi 2009 included randomized and quasi-randomized
controlled trials and observational studies, while our systematic
review aimed to include only randomized controlled trials. The
inclusion of unpublished abstracts increased the power of Gandhi
2009 meta-analyses.

Gandhi 2009 assessed only the survival of the implant free of
aseptic loosening at a minimum follow-up of two years and joint
function measured by the Knee Society Score. In our systematic
review the number of outcomes is broader (Types of outcome
measures), including RSA that can predict aseptic loosening.

The search strategy of Gandhi 2009 resulted in five RCTs (Khaw
2002; Gicquel 2000; McCaskie 1998; Nilsson 1992; Nilsson 1993)
and 10 observational studies while our search strategy resulted in
five RCTs (three could be used for meta-analyses). The study of
Gandhi 2009 should have included the Nilsson 1999 study since the
authors observed the clinical function of fully cemented and fully
uncemented total knee arthroplasties. We did not include Nilsson
1993 and McCaskie 1998 studies because the authors performed a
quasi-randomized method of allocation. We did not include Khaw
2002; Gicquel 2000 and Nilsson 1992 studies because there was
no differentiation between post-traumatic and non post-traumatic
osteoarthritis.

According to Gandhi 2009, the combined odds ratio for aseptic
loosening for the uncemented group was 4.2 (95% CI 2.7 to 6.5; P <
0.0001). However, subgroup analysis of data only from RCTs showed
no differences between the groups for odds of aseptic loosening
(OR 1.9, 95% CI 0.55 to 6.40; P = 0.314). Gandhi 2009 found no
difference between the groups for the Knee Society Knee Score (MD
0.005, 95% CI -0.26 to 0.26; P = 0.972).

The concept of survival of the implant free of aseptic loosening
was based on a minimum follow-up of two years in Gandhi 2009
study. This follow-up can be considered short to evaluate implant
survival and can explain why Gandhi 2009 found no difference when
he made a subgroup analysis with only the randomized controlled
trials.

There are follow-up limitations in current primary studies, in which
case RSA can provide a better idea of risk of future aseptic loosening
as in our systematic review, even with a relative low number of
participants after a short follow-up of two years (Karrholm 2006;
Ryd 1995).

AUTHORS' CONCLUSIONS

Implications for practice

We observed that cemented fixation of the tibial component
demonstrated a smaller displacement in relation to cementless
fixation in a two to five year follow-up.

The cemented tibial components demonstrated an increased risk
of subsequent loosening compared to the cementless components
using RSA which has a predictive power of approximately 85%.

Through the included studies, we found no indication that either
cemented or uncemented total knee arthroplasty results in better
functional performance of the participants.
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Implications for research

A specific problem related to comparing prostheses is that the
differences are small, and consequently, the effect on participant
performance for a given parameter can be difficult to detectand can
only be detected with large sample sizes with longer follow-ups.

Although RSA in two to five year follow-ups suggested the most
stable fixation for total knee prosthesis, to assure the superiority
of one type of fixation in relation to another, we must base the
results on the following: 1) revision rate, 2) adverse events, and 3)
functional status and health-related quality of life.

Some studies failed to present validated instruments, blinding
of outcomes, means, standard deviations or an intention-to-treat
analysis. In future studies, we suggest that these methodological
aspects must be considered to attempt to solve the question of total
knee prosthesis fixation.
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Methods

RCT, computer generated randomization. The primary outcome measure in this study was RSA, which

is a radiographic "measuring tool", and was not influenced by the assessor. For the secondary outcome
measure, i.e. the clinical data, the assessor was not blinded.

Participants

Inclusion: Osteoarthrosis: 120 participants (150 knees). Exclusion: Revision, history of joint sepsis, re-

cent systemic corticosteroids, primary or secondary carcinoma in the last five years, metabolic bone
disease, such as Paget’s disease, psychosocial disorders limiting rehabilitation, previous intraarticu-

lar knee fracture, over 20° valgus or varus deformity, extension loss over 30°, unsuitable for cruciate-re-
taining arthroplasty, unsuitable for cementless fixation of the tibial component, need for augmentation
wedges or bone grafts, previous proximal tibial osteotomy, and greater than 80 years old. Average age:
73 years. Average weight: 79 kg. Seven participants lost.

Interventions

Randomized tibial component fixation: Cemented (only under the tibial plateau), uncemented porous,

or uncemented porous hydroxyapatite. According to the preference of the surgeons, the femoral com-
ponent was cemented or not, although according to the protocol, the patella should not be resurfaced,
and a surgeon chose to implant a patellar component in 2 participants.

The Press-Fit Condylar (PFC) modular, posterior-cruciate-retaining prosthesis with a posterior lipped
polyethylene insert (Johnson and Johnson Orthopaedics) was used in all cases.

Vacuum-mixed, gentamicin-loaded cement (Palacos cum Gentamicin; Schering-Plough, Kenilworth,

NJ) was used.
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Carlsson 2005 (Continued)

Outcomes RSA (absolute values of rotation around the three orthogonal axes, MTPM, lift-off, subsidence), Knee
Society clinical rating system and method of Ewald. Individual data were sent for the systematic review
by the author (Ake Carlsson).

Notes Duration of follow-up: 5 years. The cemented knees rotated less than uncemented knees with or with-
out hydroxyapatite and migrated less than uncemented knees without hydroxyapatite.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Computer generated randomization.

tion (selection bias)

Allocation concealment Low risk The type of component to be used was written down on a piece of stiff paper

(selection bias) that was folded and put inside another piece of stiff paper in a sealed enve-

lope. What was written on the paper could not be read even if held against a
lamp. During the operation, the envelope was opened in sequential order after
the tibial resection.

Was the patient blinded? Low risk Single-blind study

Was the surgeon blinded? High risk Itisimpossible to blind the surgeon to prosthesis fixation

Was the outcome assessor ~ High risk Single-blind study

blinded?

Was the withdrawal/drop-  Low risk Seven participants were lost (< 20%).

out rate described, accept-

able (<20%), and compa-

rable in both groups?

Selective reporting (re- Low risk The study protocol was available, and all of the study’s prespecified (primary

porting bias) and secondary) outcomes that were of interest in the review were reported in

the prespecified manner.
Ishii 2005b
Methods RCT

Participants

Osteoarthritis: 54 participants (56 knees), Rheumathoid arthritis: 3 participants (4 knees). Exclusion
criteria: Peripherical vascular diseases or neurological problems. Average age of cementless group:
72 years. Average weight of cementless group: 59 kg. Average age of hybrid group: 72 years. Average
weight of hybrid group: 61 kg. None participant lost.

Interventions

The participants were randomly assigned to either the cementless or hybrid (cemented tibia and unce-
mented femur) group with a tourniquet pressure of 100 mm Hg above systolic blood pressure.

The tourniquet used was the MT-720 tourniquet system (Mizuho-lka, Tokyo, Japan). All the patients had
spinal anesthesia. Esmarch’s bandage was used. A straight longitudinal midline skin incision was used
with a medial parapatellar capsulotomy. In all cases, intramedullary femoral and extramedullary tibial
resection guides were used. Each hole in the distal femur made for the intramedullary guides was filled
with an autogenous bone plug. No lateral retinacular release or patellar arthroplasty was performed.
During the arthroplasty, an effort was made to collect all the fluid lost in closed canisters using contin-
uous wall suction. The amount of fluid that was administered for irrigation, using a bulb syringe, was
recorded, and its volume was then subtracted from the total suction-fluid volume to estimate the in-
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Ishii 2005b (continued)

traoperative blood loss. A Stryker CBCII Consta Vac Blood Conservation System (Stryker, Kalamazoo,
Mich) was used in all the patients after surgery. The volume of blood collected was returned to the pa-
tients within 3 hours of surgery. No patient received medication for thromboembolism.

The New Jersey LCS total knee system (DePuy, Warsaw, Ind) was used in all cases.

Outcomes The red blood cell count, hemoglobin level, and hematocrit were recorded preoperatively and 1
week, 4 weeks, and 3 months postoperatively for each patient. The volumes of postoperative suction
drainage within 3 hours and upon removal (first operative day) were recorded. Both the measured and
calculated blood losses were evaluated using the maximum decrease in the hemoglobin level (1 week
after surgery) and were normalized using each patient’s weight and height.

Notes The authors found no difference between the groups.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Personal communication (Ishii 2005b) - Random number table.

tion (selection bias)

Allocation concealment High risk Personal communication (Ishii 2005b) - The author used an open random

(selection bias) number table.

Was the patient blinded? Low risk

Was the surgeon blinded?  Highrisk Itis impossible to blind the surgeon to prosthesis fixation.

Was the outcome assessor  High risk The outcome assessor was the surgeon.

blinded?

Was the withdrawal/drop-  Low risk There were no withdrawals.

out rate described, accept-

able (<20%), and compa-

rable in both groups?

Selective reporting (re- Low risk The study protocol is available, and all of the study’s prespecified outcomes

porting bias)

that were of interest in the review were reported in the prespecified manner.

Nilsson 1999

Methods

RCT and opaque envelopes. The primary outcome measure in this study was RSA. For the secondary
outcome measure, i.e. the clinical data, the assessor was not blinded.

Participants

Inclusion: Osteoarthrosis: 43 participants (45 knees). RA: 13 participants (15 knees). No exclusion crite-
ria were specified. Average age: 69 years. Twenty-four participants were lost.

Interventions

Randomized tibial component fixation: Cemented (only under the tibial plateau) or uncemented with
hydroxyapatite. The femoral components were fixed identically to the corresponding tibial compo-
nents (Nilsson 1999); however, the uncemented bones were not hydroxyapatite coated. A cemented
all-polyethylene patellar component was used in all of the knees.

All of the knees received a Tricon Il (Smith & Nephew) total knee prosthesis.

Bone cement (Palacos cum Gentamicin, Shering-Plough, Kenilworth, NJ) was used. The cut proximal
tibia was cleaned with a high-pressure lavage before the bone cement was injected via a delivery noz-
zle to improve the penetration of the cement into the trabecular bone.

Cemented, cementless or hybrid fixation options in total knee arthroplasty for osteoarthritis and other non-traumatic diseases (Review)
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Nilsson 1999 (continued)

Outcomes RSA (absolute values of rotation around the three orthogonal axes, MTPM, lift-off and subsidence),
Knee Society knee score, Knee Society pain score, Knee Society function score, HKA, range of motion
and radiolucent lines analysis at the tibial component interface, as described by the Knee Society.

Notes Duration of follow-up: 5 years. No difference between the two types of fixation. Some data were ob-
tained by personal communication (Nilsson 1999).

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Not reported.

tion (selection bias)

Allocation concealment Low risk After cutting the proximal tibia and prior to inserting the tibial component, a

(selection bias) telephone call was made from the operating room to a secretary at the ortho-

pedic department. She opened a sealed envelope and read the contents, i.e.
to use a cemented component or an uncemented component. The envelopes
were placed in a locked location.

Was the patient blinded? Unclear risk This item was not mentioned in the trial report.

Was the surgeon blinded? High risk Itisimpossible to blind the surgeon to prosthesis fixation.

Was the outcome assessor  Unclear risk This item was not mentioned in the trial report.

blinded?

Was the withdrawal/drop-  Low risk The withdrawal/drop-out rate was described and comparable in both groups

out rate described, accept- but was not acceptable. Missing outcome data were balanced in numbers

able (<20%), and compa- among intervention groups with similar reasons for missing data among
rable in both groups? groups.

Selective reporting (re- Low risk The study protocol is available, and all of the study’s prespecified (primary and

porting bias)

secondary) outcomes that were of interest in the review were reported in the
prespecified manner.

Toksvig-Larsen 1998

Methods

RCT, sealed envelopes. The primary outcome measure in this study was RSA. For the secondary out-
come measure, i.e. the clinical data, the assessor was not blinded.

Participants

Inclusion: Osteoarthrosis: 27 participants (28 knees). No exclusion criteria were specified. Average age:
71 years. Average body weight: 79 kg. Five participants were lost.

Interventions

Randomized tibial component fixation: Cemented or uncemented without hydroxyapatite. The femoral
component was inserted without cement, and the patella was not resurfaced. The cement was applied
to the horizontal cut surface but not around the stem. All knees received a porous-coated anatomic to-
tal knee prosthesis (PCA Universal; Howmedica) with a porous-coated anatomic modular cruciform
stem tibial component. The cementing technique included vacuum-mixing of the cement, lavage, and
pressurization.

Outcomes RSA (MTPM, subsidence and inducible displacement), HKA, Hospital for Special Surgery, extension, flex-
ion, and walking distance.
Notes Duration of follow-up: 2 years. The prostheses that was inserted with cement subsided 0.0 + 0.1 mil-
limeter, and the prostheses that was inserted without cement subsided 0.5 + 0.1 millimeter at the two
Cemented, cementless or hybrid fixation options in total knee arthroplasty for osteoarthritis and other non-traumatic diseases (Review) 25
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Toksvig-Larsen 1998 (Continued)

year follow-up evaluation (P = 0.008). Some data were obtained by personal communication (Toksvig-
Larsen 1998).

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk In a personal communication (Toksvig-Larsen 1998), the author stated: "All

tion (selection bias) knees were randomized, patients with bilateral surgery were operated with an
interval of more than 3 months."

Allocation concealment Low risk Personal communication (Toksvig-Larsen 1998) - The allocation was per-

(selection bias) formed using sealed envelopes.

Was the patient blinded? Unclear risk This item was not mentioned in the trial report.

Was the surgeon blinded?  Highrisk Itis impossible to blind the surgeon to prosthesis fixation.

Was the outcome assessor  Unclear risk This item was not mentioned in the trial report.

blinded?

Was the withdrawal/drop-  High risk The withdrawal/drop-out rate was described, was not acceptable and was not

out rate described, accept- comparable between the groups.

able (<20%), and compa-

rable in both groups?

Selective reporting (re- Low risk The study protocol is available, and all of the study’s prespecified (primary and

porting bias)

secondary) outcomes that were of interest in the review were reported in the
prespecified manner.

Uvehammer 2007

Methods

RCT. Unknown randomization technique. Blinding not stated.

Participants

Inclusion: Osteoarthrosis: 50 participants (54 knees). All of the femoral components were manufac-
tured with an 80 mm stem and were only available in one size (size 2/medium). This made the series
more homogeneous regarding biomechanical factors but excluded selection of participants with larger
or smaller knees. Average age: 72 years. Fifteen participants were lost (16 knees).

Interventions

The femoral component fixation (cemented or uncemented with hydroxyapatite) and prosthesis de-
sign (three variations of the Freeman-Samuelson knee replacement (Finsbury Orthopaedics Ltd): one
with a rotating tibial insert, one with a medial femoral condyle representing part of a sphere articulat-
ing against a corresponding concave tibial polyethylene insert (FS1000), and the original standard ver-
sion) were randomized, and the participants were randomized into one of the six treatment options. All
of the tibial components were cemented. In 44 of the knees, a patellar component was inserted.

Refobacin-Palacos R bone cement (Biomet Orthopaedics Inc., Warsaw, Indiana) was prepared by vacu-
um mixing.

Outcomes RSA (absolute values of rotation around the three orthogonal axes), HKA, and Hospital for Special
Surgery knee score.
Notes Duration of follow-up: 2 years. No difference between the two types of fixation.
Risk of bias
Cemented, cementless or hybrid fixation options in total knee arthroplasty for osteoarthritis and other non-traumatic diseases (Review) 26
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Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk This item was not mentioned in the trial report.

tion (selection bias)

Allocation concealment Low risk Sealed envelopes were opened before the operation.

(selection bias)

Was the patient blinded? Unclear risk This item was not mentioned in the trial report.

Was the surgeon blinded?  Highrisk Itis impossible to blind the surgeon to prosthesis fixation.

Was the outcome assessor  Unclear risk This item was not mentioned in the trial report.

blinded?

Was the withdrawal/drop-  Low risk The withdrawal/drop-out rate was described, was comparable in both groups
out rate described, accept- and was not acceptable. Missing outcome data were balanced in numbers
able (<20%), and compa- among intervention groups with similar reasons for missing data among the
rable in both groups? groups.

Selective reporting (re- Low risk The study protocol is available, and all of the study’s prespecified (primary and

porting bias)

secondary) outcomes that were of interest in the review were reported in the
prespecified manner.

RCT = randomoized controlled trial
RSA = roentgen stereophotogrammetric analysis
MTPM = maximum total point motion

RA = rheumatoid arthritis
HKA = hip-knee-ankle-angle

Characteristics of excluded studies [ordered by study ID]

Study

Reason for exclusion

Albrektsson 1992

Personal communication (Albrektsson 1992) - The author included post-traumatic osteoarthritis

participants

Baker 2007 Personal communication (Khaw 2002) - The author did not differentiate between post-traumatic
and non post-traumatic osteoarthritis

Beaupré 2007 Personal communication (Beaupré 2007) - The author did not differentiate between post-traumatic
and non post-traumatic osteoarthritis

Ishii 2005a Personal communication (Ishii 2005a) - Non-randomized controlled trial

Keblish 1993 Personal communication (Keblish 1993) - Non-randomized controlled trial

Khaw 2002 Personal communication (Khaw 2002) - The author did not differentiate between post-traumatic
and non post-traumatic osteoarthritis

Nilsson 2006 Personal communication (Nilsson 2006) - The author included post-traumatic osteoarthritis partic-

ipants

Onsten 1998

The study by Onsten 1998 is the same as the study by Carlsson 2005 with a shorter follow-up

Cemented, cementless or hybrid fixation options in total knee arthroplasty for osteoarthritis and other non-traumatic diseases (Review)
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Characteristics of studies awaiting assessment [ordered by study ID]

Demey 2010

Methods RCT. Computer-generated randomization. Single-blind.

Participants Osteoarthritis and chondrocalcinosis: 107 participants. There were no significant differences be-
tween the two groups with respect to anthropometric or demographic data (sex, age, body mass
index, weight, height, diagnosis). No patient was lost.

Interventions The operations were performed using the HLS Noetos® prosthesis (Tornier, Saint-Ismier, France)
and were randomized to cemented or hybrid (cementless femoral implant and cemented tibial im-
plant) fixation of the components.

Outcomes Hemoglobin and hematocrit levels, volumes of postoperative suction drainage and the rate of
blood transfusion

Notes No differences were found between the two groups

Dunbar 2009

Methods RCT, computer-generated randomization. The primary outcome measured in this study was RSA,
which is a radiographic "measuring tool" and is not influenced by the assessor. For the secondary
outcome measure, i.e. the clinical data, blinding was not stated.

Participants Seventy participants. Inclusion and exclusion criteria were not described. Age: 60.2 + 8.3 years (tra-
becular metal group) and 61.1 + 9.4 years (cemented group). Twenty-one participants (21 knees)
were lost.

Interventions Participants were randomized to receive either the trabecular metal or the cemented tibial compo-
nent of the same design (Zimmer, Warsaw, Indiana).

The surgery was performed using a standardized protocol consisting of a resection of the poste-
rior cruciate ligament, patellar resurfacing with a cemented inlay component, cementing of the
femoral component, and placement of 0.8 mm marker beads for the radiostereometric analysis.
Four, five, or six tantalum markers were placed around the periphery of the polyethylene compo-
nent, and eight to twenty tantalum markers were inserted into the proximal part of the tibia.

Outcomes RSA and WOMAC.

Notes Duration of follow-up: 2 years. No significant difference with regard to WOMAC was found between

the groups. A subset of the trabecular metal components migrated extensively in the postoperative
period but stabilized by one year, and the proportion considered to be at risk for early aseptic loos-
ening was 0.0 (95% Cl, 0.0 to 0.12) in the entire group. Four cemented components were considered
to be at risk for early aseptic loosening (proportion at risk, 0.19; 95% confidence interval, 0.08 to

0.4).
Nelissen 1998
Methods RCT. Unknown randomization technique. Double-blind.
Participants Twenty-one participants: osteoarthrosis (5 knees) and rheumatoid arthritis (26 knees). Average

age: 68 years. Three participants (3 knees) were lost.

Cemented, cementless or hybrid fixation options in total knee arthroplasty for osteoarthritis and other non-traumatic diseases (Review) 28
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Interventions

Fixation with cement, without cement, or with a hydroxyapatite coating (without cement) was ran-
domly chosen during the operation. All of the prostheses were posterior cruciate ligament-retain-
ing total condylar implants (Interax; Howmedica, Rutherford, New Jersey). A patellar component
made of ultra-high molecular weight polyethylene was used in all but one total knee arthroplasty.
No patellar components were used in one knee because the remaining patellar bone was too thin.

Outcomes RSA, Knee Society score, conventional roentgenograms, length of surgery (in minutes) and
femorotibial angle.
Notes Duration of follow-up: 2 years. A significant difference with regard to micromotion was found be-

tween the non-coated components fixed without cement and the hydroxyapatite-coated compo-
nents fixed without cement and between the non-coated components fixed without cement and
the components fixed with cement (P < 0.001, analysis of variance). The hydroxyapatite-coated
components fixed without cement and the components fixed with cement both had far less mi-
cromotion along the longitudinal axis (subsidence) throughout the follow-up period than the non-
coated components fixed without cement.

Nilsson 1992

Methods

RCT. Unknown randomization technique. Blinding not stated.

Participants

Osteoarthrosis and rheumatoid arthritis: 39 participants. Average age: 68 years. Eleven partici-
pants’ knees were lost to follow-up.

Interventions

The operations were performed using the Tricon-M knee prosthesis (Smith and Nephew Richards)
and were randomized to cemented or cementless fixation of the components.

Outcomes Scintimetry, RSA, HKA and HSS knee score.

Notes Duration of follow-up: 2 years. No difference between the two types of fixation.
Parker 2001

Methods RCT. Unknown randomization technique. Blinding not stated.

Participants

Osteoarthrosis: 99 participants (100 knees). Average age: 66.7 years. Thirty-three participants were
lost.

Interventions

One hundred MGl total knee replacements (Zimmer, Warsaw, Indiana) were performed in 99 partic-
ipants randomized to either cementless or hybrid fixation. In all of the cases, femoral fixation was

a cementless porous design. Tibial fixation was randomized to either cemented or cementless, and
patellar fixation paralleled the tibial component.

Outcomes

HSS knee score, Knee Society knee score, failure rate and reasons for failure.

Notes

Duration of follow-up: 12 years. Differences in the outcome between the two groups were not suffi-
ciently significant to recommend one method of fixation over another.

RCT =randomoized controlled trial

RSA = roentgen stereophotogrammetric analysis
WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index

HKA = hip-knee-ankle-angle

HSS = Hospital for Special Surgery knee score
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Copyright © 2012 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

29



= 3 Cochrane
st g Library

Trusted evidence.
Informed decisions.
Better health.

Cochrane Database of Systematic Reviews

MGl total knee replacement = Miller-Galante | total knee replacement

DATA AND ANALYSES

Comparison 1. Cemented versus uncemented with HA

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

1 Absolute rotation about transverse ax- 2 Mean Difference (IV, Ran- Subtotals only

isin degrees (60 months) dom, 95% Cl)

1.1 Intention-to-treat analysis 2 160 Mean Difference (IV, Ran- 0.17[-0.12, 0.45]
dom, 95% Cl)

1.2 Available data analysis 2 134 Mean Difference (IV, Ran- 0.19[-0.09, 0.47]
dom, 95% Cl)

2 Absolute rotation about longitudinal 2 Mean Difference (IV, Ran- Subtotals only

axis in degrees (60 months) dom, 95% Cl)

2.1 Intention-to-treat analysis 2 160 Mean Difference (IV, Ran- 0.26 [0.04, 0.47]
dom, 95% Cl)

2.2 Available data analysis 2 134 Mean Difference (IV, Ran- 0.17[-0.12, 0.46]
dom, 95% Cl)

3 Absolute rotation about sagittal axisin 2 Mean Difference (IV, Ran- Subtotals only

degrees (60 months) dom, 95% Cl)

3.1 Intention-to-treat analysis 2 160 Mean Difference (IV, Ran- 0.22[0.01, 0.42]
dom, 95% Cl)

3.2 Available data analysis 2 134 Mean Difference (IV, Ran- 0.14[-0.02, 0.31]
dom, 95% Cl)

4 Arthroplasty instability (arthroplasty 2 Risk Ratio (M-H, Random, Subtotals only

instability was considered an event) 95% Cl)

4.1 Intention-to-treat analysis (missing 2 160 Risk Ratio (M-H, Random, 0.47[0.26, 0.85]

participants were categorized unstable) 95% Cl)

4.2 Intention-to-treat analysis (missing 2 160 Risk Ratio (M-H, Random, 0.34[0.15, 0.75]

participants were categorized stable) 95% Cl)

4.3 Available data analysis (arthroplasty 2 149 Risk Ratio (M-H, Random, 0.34[0.15,0.74]

instability was considered an event)

95% Cl)

Cemented, cementless or hybrid fixation options in total knee arthroplasty for osteoarthritis and other non-traumatic diseases (Review)
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Analysis 1.1. Comparison 1 Cemented versus uncemented with HA,
Outcome 1 Absolute rotation about transverse axis in degrees (60 months).

Study or subgroup Uncement- Cemented Mean Difference Weight Mean Difference
ed with HA

N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% CI
1.1.1 Intention-to-treat analysis
Carlsson 2005 50 0.7 (0.6, 50 0.4(0.4) E 3 57.02% 0.29[0.09,0.49]
Nilsson 1999 30 0.5(0.6) 30 0.5(0.6) —F— 42.98% 0[-0.29,0.29]
Subtotal *** 80 80 b 100% 0.17[-0.12,0.45]
Heterogeneity: Tau?=0.03; Chi?>=2.6, df=1(P=0.11); 1*=61.52%
Test for overall effect: Z=1.15(P=0.25)
1.1.2 Available data analysis
Carlsson 2005 49 0.7 (0.6 49 0.4(0.4) .’ 68.38% 0.29[0.09,0.49]
Nilsson 1999 18 0.5(0.6, 18 0.5(0.7) - 31.62% -0.02[-0.44,0.4]
Subtotal *** 67 67 b 100% 0.19[-0.09,0.47]
Heterogeneity: Tau?=0.02; Chi*=1.68, df=1(P=0.19); 1>=40.57%
Test for overall effect: Z=1.33(P=0.18) ‘

Favours Uncemented HA 1 0 1 2 Favours Cemented

Analysis 1.2. Comparison 1 Cemented versus uncemented with HA,
Outcome 2 Absolute rotation about longitudinal axis in degrees (60 months).

Study or subgroup Uncement- Cemented Mean Difference Weight Mean Difference
ed with HA

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
1.2.1 Intention-to-treat analysis
Carlsson 2005 50 0.7 (1.3) 50 0.4(0.4) —— 33.49% 0.37[0,0.74]
Nilsson 1999 30 0.5(0.7) 30 0.3(0.2) l 66.51% 0.2[-0.06,0.46]
Subtotal *** 80 80 L 2 100% 0.26[0.04,0.47]
Heterogeneity: Tau?=0; Chi*=0.54, df=1(P=0.46); 1>=0%
Test for overall effect: Z=2.36(P=0.02)
1.2.2 Available data analysis
Carlsson 2005 49 0.7 (1.3) 49 0.4(0.4) — 35.41% 0.37[-0.01,0.75]
Nilsson 1999 18 0.3(0.3) 18 0.3(0.2) - 64.59% 0.06[-0.13,0.25]
Subtotal *** 67 67 b 100% 0.17[-0.12,0.46]
Heterogeneity: Tau?=0.02; Chi*=2.07, df=1(P=0.15); 1>=51.58%
Test for overall effect: Z=1.15(P=0.25)

Favours uncemented HA 1 0 1 Favours cemented

Analysis 1.3. Comparison 1 Cemented versus uncemented with HA,
Outcome 3 Absolute rotation about sagittal axis in degrees (60 months).

Study or subgroup Uncement- Cemented Mean Difference Weight Mean Difference
ed with HA
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
1.3.1 Intention-to-treat analysis
Carlsson 2005 50 0.5(0.9) 50 0.3(0.5) il 54.48% 0.19[-0.09,0.47]
Favours uncemented HA -2 0 2 Favours cemented
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Study or subgroup Uncement- Cemented Mean Difference Weight Mean Difference
ed with HA

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
Nilsson 1999 30 0.5(0.8) 30 0.3(0.3) i 45.52% 0.25[-0.05,0.55]
Subtotal *** 80 80 <o 100% 0.22[0.01,0.42]
Heterogeneity: Tau?=0; Chi*=0.08, df=1(P=0.77); 1>=0%
Test for overall effect: Z=2.09(P=0.04)
1.3.2 Available data analysis
Carlsson 2005 49 0.5(0.9) 49 0.3(0.5) T 33.61% 0.19[-0.09,0.47]
Nilsson 1999 18 0.4(0.4) 18 0.3(0.3) ‘.‘ 66.39% 0.12[-0.08,0.32]
Subtotal *** 67 67 L g 100% 0.14[-0.02,0.31]
Heterogeneity: Tau?=0; Chi*=0.16, df=1(P=0.69); 1>=0%
Test for overall effect: Z=1.74(P=0.08) ‘ ‘ ‘ ‘

Favours uncemented HA -2 -1 0 1 2 Favours cemented

Analysis 1.4. Comparison 1 Cemented versus uncemented with HA, Outcome
4 Arthroplasty instability (arthroplasty instability was considered an event).

Study or subgroup Uncement- Cemented Risk Ratio
ed with HA
n/N n/N M-H, Random, 95% CI

Weight Risk Ratio

M-H, Random, 95% CI

1.4.1 Intention-to-treat analysis (missing participants were catego- ‘
rized unstable)

Carlsson 2005 4/50 13/50 ——
Nilsson 1999 8/30 14/30 B
Subtotal (95% ClI) 80 80 <o

Total events: 12 (Uncemented with HA), 27 (Cemented)
Heterogeneity: Tau?=0; Chi*=0.96, df=1(P=0.33); 1>=0%
Test for overall effect: Z=2.52(P=0.01)

1.4.2 Intention-to-treat analysis (missing participants were catego-
rized stable)

Carlsson 2005 3/50 11/50 ——
Nilsson 1999 4/30 10/30 —l—
Subtotal (95% CI) 80 80 -

Total events: 7 (Uncemented with HA), 21 (Cemented)
Heterogeneity: Tau?=0; Chi*=0.22, df=1(P=0.64); I*=0%
Test for overall effect: Z=2.67(P=0.01)

1.4.3 Available data analysis (arthroplasty instability was considered

an event)

Carlsson 2005 3/49 11/48 ——
Nilsson 1999 4/26 10/26 ——
Subtotal (95% CI) 75 74 -

Total events: 7 (Uncemented with HA), 21 (Cemented)
Heterogeneity: Tau?=0; Chi?=0.25, df=1(P=0.62); 1>=0%
Test for overall effect: Z=2.72(P=0.01)

31.14% 0.31[0.11,0.88]
68.86% 0.57[0.28,1.16]
100% 0.47[0.26,0.85]
42.44% 0.27[0.08,0.92]
57.56% 0.4[0.14,1.14]
100% 0.34[0.15,0.75]
41.62% 0.27[0.08,0.9]
58.38% 0.4[0.14,1.11]
100% 0.34[0.15,0.74]

Favoursuncemented ~ 0.01 0.1 1

10

100 Favours cemented
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Comparison 2. Cemented versus uncemented with and without HA

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

1 Absolute rotation about transverse 2 Mean Difference (IV, Random,  Subtotals only

axis in degrees (60 months) 95% Cl)

1.1 Intention-to-treat analysis 2 210 Mean Difference (IV, Random, 0.15[-0.08, 0.39]
95% Cl)

1.2 Available data analysis 2 179 Mean Difference (IV, Random,  0.19[-0.03, 0.41]
95% Cl)

2 Absolute rotation about longitudinal 2 Mean Difference (IV, Random,  Subtotals only

axis in degrees (60 months) 95% Cl)

2.1 Intention-to-treat analysis 2 210 Mean Difference (IV, Random,  0.33[0.09, 0.58]
95% Cl)

2.2 Available data analysis 2 179 Mean Difference (IV, Random,  0.25[-0.14, 0.64]
95% Cl)

3 Absolute rotation about sagittal axis 2 Mean Difference (IV, Random,  Subtotals only

in degrees (60 months) 95% Cl)

3.1 Intention-to-treat analysis 2 210 Mean Difference (IV, Random,  0.20[0.04, 0.36]
95% Cl)

3.2 Available data analysis 2 179 Mean Difference (IV, Random,  0.15[0.01, 0.29]
95% Cl)

4 Maximum total point motion in mil- 2 Mean Difference (IV, Random,  Subtotals only

limeters (12 months) 95% Cl)

4.1 Intention-to-treat analysis 2 176 Mean Difference (IV, Random, 0.60 [0.38,0.82]
95% Cl)

4.2 Available data analysis 2 168 Mean Difference (IV, Random, 0.61[0.37,0.84]
95% Cl)

5 Maximum total point motion in mil- 2 Mean Difference (IV, Random,  Subtotals only

limeters (24 months) 95% Cl)

5.1 Intention-to-treat analysis 2 173 Mean Difference (IV, Random,  0.52[0.31,0.72]
95% Cl)

5.2 Available data analysis 2 167 Mean Difference (IV, Random,  0.52[0.31, 0.74]
95% Cl)

6 Arthroplasty instability (arthroplasty 3 Risk Ratio (M-H, Random, Subtotals only

instability was considered an event) 95% Cl)

6.1 Intention-to-treat analysis (missing 3 238 Risk Ratio (M-H, Random, 0.78[0.36, 1.68]

participants were categorized unsta- 95% Cl)

ble)

6.2 Intention-to-treat analysis (missing 3 238 Risk Ratio (M-H, Random, 0.40[0.22,0.73]

participants were categorized stable)

95% Cl)

Cemented, cementless or hybrid fixation options in total knee arthroplasty for osteoarthritis and other non-traumatic diseases (Review)
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Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
6.3 Available data analysis (arthroplas- 3 216 Risk Ratio (M-H, Random, 0.47[0.24,0.92]

ty instability was considered an event)

95% Cl)

Analysis 2.1. Comparison 2 Cemented versus uncemented with and without
HA, Outcome 1 Absolute rotation about transverse axis in degrees (60 months).

Study or subgroup Uncemented Cemented Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
2.1.1 Intention-to-treat analysis
Carlsson 2005 100 0.7(0.7) 50 0.4(0.4) E 3 61.89% 0.25[0.08,0.42]
Nilsson 1999 30 0.5(0.6) 30 0.5(0.6) —F— 38.11% 0[-0.29,0.29]
Subtotal *** 130 80 b 100% 0.15[-0.08,0.39]
Heterogeneity: Tau?=0.02; Chi*=2.13, df=1(P=0.14); 1>=53.12%
Test for overall effect: Z=1.27(P=0.2)
2.1.2 Available data analysis
Carlsson 2005 94 0.7 (0.6) 49 0.4(0.4) . 77.16% 0.25[0.09,0.41]
Nilsson 1999 18 0.5(0.6) 18 0.5(0.7) — 22.84% -0.02[-0.44,0.4]
Subtotal *** 112 67 <o 100% 0.19[-0.03,0.41]

Heterogeneity: Tau?=0.01; Chi*=1.38, df=1(P=0.24); 1>=27.51%
Test for overall effect: Z=1.66(P=0.1)

Favours Uncemented

Analysis 2.2. Comparison 2 Cemented versus uncemented with and without HA,
Outcome 2 Absolute rotation about longitudinal axis in degrees (60 months).

2 Favours Cemented

Study or subgroup Uncemented Cemented Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
2.2.1 Intention-to-treat analysis
Carlsson 2005 100 0.8(1.1) 50 0.4 (0.4) E 3 53.18% 0.45[0.22,0.68]
Nilsson 1999 30 0.5(0.7) 30 0.3(0.2) o 46.82% 0.2[-0.06,0.46]
Subtotal *** 130 80 L 2 100% 0.33[0.09,0.58]
Heterogeneity: Tau?=0.02; Chi*>=1.98, df=1(P=0.16); 1*=49.39%
Test for overall effect: Z=2.67(P=0.01)
2.2.2 Available data analysis
Carlsson 2005 94 0.8(1.1) 49 0.4 (0.4) 48.07% 0.46[0.22,0.7]
Nilsson 1999 18 0.3(0.3) 18 0.3(0.2) 51.93% 0.06[-0.13,0.25]
Subtotal *** 112 67 100% 0.25[-0.14,0.64]

Heterogeneity: Tau?=0.07; Chi*>=6.48, df=1(P=0.01); 1*=84.57%
Test for overall effect: Z=1.26(P=0.21)

Favours Uncemented

-
-
>

|

Favours Cemented
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Analysis 2.3. Comparison 2 Cemented versus uncemented with and without
HA, Outcome 3 Absolute rotation about sagittal axis in degrees (60 months).

Study or subgroup Uncemented Cemented Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% CI
2.3.1 Intention-to-treat analysis
Carlsson 2005 100 0.5(0.7 50 0.3(0.5) B 72.05% 0.18[-0.01,0.37]
Nilsson 1999 30 0.5(0.8 30 0.3(0.3) T 27.95% 0.25[-0.05,0.55]
Subtotal *** 130 80 L 4 100% 0.2[0.04,0.36]
Heterogeneity: Tau?=0; Chi*=0.15, df=1(P=0.7); I>=0%
Test for overall effect: Z=2.45(P=0.01)
2.3.2 Available data analysis
Carlsson 2005 9 0.5(0.7) 49 0.3(0.5) —il— 50.79% 0.18[-0.02,0.38]
Nilsson 1999 18 0.4(0.4) 18 0.3(0.3) —-—i— 49.21% 0.12[-0.08,0.32]
Subtotal *** 112 67 o 100% 0.15[0.01,0.29]
Heterogeneity: Tau?=0; Chi*=0.18, df=1(P=0.67); 1>=0%
Test for overall effect: Z=2.12(P=0.03) ‘ ‘

Favours Uncemented 0.5 0 0.5 Favours Cemented

Analysis 2.4. Comparison 2 Cemented versus uncemented with and without
HA, Outcome 4 Maximum total point motion in millimeters (12 months).

Study or subgroup Uncemented Cemented Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
2.4.1 Intention-to-treat analysis
Carlsson 2005 100 1.1(1.1) 50 0.5(0.4) -.— 83.88% 0.64[0.4,0.88]
Toksvig-Larsen 1998 15 1.4(0.8) 11 1(0.7) - 16.12% 0.4[-0.15,0.95]
Subtotal *** 115 61 4 100% 0.6[0.38,0.82]
Heterogeneity: Tau?=0; Chi*=0.61, df=1(P=0.43); 1>=0%
Test for overall effect: Z=5.32(P<0.0001)
2.4.2 Available data analysis
Carlsson 2005 94 1.1(1.1) 48 0.5(0.4) —.— 82.32% 0.65[0.39,0.91]
Toksvig-Larsen 1998 15 1.4(0.8) 11 1(0.7) o 17.68% 0.4[-0.15,0.95]
Subtotal *** 109 59 o 100% 0.61[0.37,0.84]

Heterogeneity: Tau?=0; Chi*=0.65, df=1(P=0.42); 1>=0%
Test for overall effect: Z=5.12(P<0.0001)

Favours Uncemented

Favours Cemented

Analysis 2.5. Comparison 2 Cemented versus uncemented with and without
HA, Outcome 5 Maximum total point motion in millimeters (24 months).

Study or subgroup Uncemented Cemented Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
2.5.1 Intention-to-treat analysis
Carlsson 2005 100 1.1(1.1) 50 0.6 (0.4) B 77.27% 0.52[0.28,0.76]
Toksvig-Larsen 1998 14 1.5(0.8) 9 1(0.3) —— 22.73% 0.5[0.06,0.94]
Subtotal *** 114 59 L 4 100% 0.52[0.31,0.72]
Favours Uncemented 1 0 1 Favours Cemented
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Study or subgroup Uncemented Cemented Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
Heterogeneity: Tau?=0; Chi?=0.01, df=1(P=0.94); 1>=0%
Test for overall effect: Z=4.83(P<0.0001)
2.5.2 Available data analysis
Carlsson 2005 94 11(11) 50 0.6 (0.4) — 75.63% 0.53[0.28,0.78]
Toksvig-Larsen 1998 14 1.5(0.8) 9 1(0.3) —— 24.37% 0.5[0.06,0.94]
Subtotal *** 108 59 L 4 100% 0.52[0.31,0.74]
Heterogeneity: Tau?=0; Chi?=0.01, df=1(P=0.91); 1>=0%
Test for overall effect: Z=4.73(P<0.0001)

Favours Uncemented -2 -1 2 Favours Cemented

Analysis 2.6. Comparison 2 Cemented versus uncemented with and without HA,
Outcome 6 Arthroplasty instability (arthroplasty instability was considered an event).

Study or subgroup Uncemented Cemented Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
2.6.1 Intention-to-treat analysis (missing participants were catego- ‘
rized unstable)
Carlsson 2005 13/100 13/50 —— 35.62% 0.5[0.25,1]
Nilsson 1999 8/30 14/30 —— 35.13% 0.57[0.28,1.16]
Toksvig-Larsen 1998 9/15 4/13 —— 29.25% 1.95[0.78,4.86]
Subtotal (95% Cl) 145 93 - 100% 0.78[0.36,1.68]
Total events: 30 (Uncemented), 31 (Cemented)
Heterogeneity: Tau?=0.31; Chi*=6.05, df=2(P=0.05); 1>=66.96%
Test for overall effect: Z=0.63(P=0.53)
2.6.2 Intention-to-treat analysis (missing participants were catego-
rized stable)
Carlsson 2005 7/100 11/50 —i— 45.82% 0.32[0.13,0.77]
Nilsson 1999 4/30 10/30 —— 32.95% 0.4[0.14,1.14]
Toksvig-Larsen 1998 3/15 4/13 — T 21.23% 0.65[0.18,2.38]
Subtotal (95% CI) 145 93 S 2 100% 0.4[0.22,0.73]
Total events: 14 (Uncemented), 25 (Cemented)
Heterogeneity: Tau?=0; Chi*=0.79, df=2(P=0.67); I*=0%
Test for overall effect: Z=3(P=0)
2.6.3 Available data analysis (arthroplasty instability was considered
an event)
Carlsson 2005 7/94 11/48 —— 41.9% 0.32[0.13,0.78]
Nilsson 1999 4/26 10/26 —— 33.39% 0.4[0.14,1.11]
Toksvig-Larsen 1998 3/9 4/13 — 24.71% 1.08[0.32,3.71]
Subtotal (95% CI) 129 87 - 100% 0.47[0.24,0.92]
Total events: 14 (Uncemented), 25 (Cemented)
Heterogeneity: Tau?=0.08; Chi?=2.54, df=2(P=0.28); 1>=21.23%
Test for overall effect: Z=2.22(P=0.03)
Favours uncemented ~ 0.01 1 10 100 Favours cemented
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Comparison 3. Cemented versus uncemented without HA

Outcome or subgroup title

No. of studies

No. of partici-
pants

Statistical method

Effect size

1 Maximum total point motion in mil- 2
limeters (12 months)

Mean Difference (IV, Random,
95% Cl)

Subtotals only

1.1 Intention-to-treat analysis 2 126 Mean Difference (IV, Random, 0.62[0.42,0.81]
95% Cl)

1.2 Available data analysis 2 119 Mean Difference (IV, Random,  0.64[0.43, 0.85]
95% Cl)

2 Maximum total point motion in mil- 2 Mean Difference (IV, Random,  Subtotals only

limeters (24 months) 95% Cl)

2.1 Intention-to-treat analysis 2 123 Mean Difference (IV, Random,  0.52[0.33,0.72]
95% Cl)

2.2 Available data analysis 2 117 Mean Difference (IV, Random,  0.54[0.33, 0.75]
95% Cl)

3 Arthroplasty instability (arthroplasty 2 Risk Ratio (M-H, Random, Subtotals only

instability was considered an event) 95% Cl)

3.1 Intention-to-treat analysis (missing 2 128 Risk Ratio (M-H, Random, 0.66 [0.37, 1.17]

participants were categorized unsta- 95% Cl)

ble)

3.2 Intention-to-treat analysis (missing 2 128 Risk Ratio (M-H, Random, 0.61[0.20, 1.90]

participants were categorized stable) 95% Cl)

3.3 Available data analysis 2 116 Risk Ratio (M-H, Random, 0.54[0.24,1.22]

95% Cl)

Analysis 3.1. Comparison 3 Cemented versus uncemented without HA,
Outcome 1 Maximum total point motion in millimeters (12 months).

Study or subgroup Uncemented Cemented Mean Difference Weight Mean Difference
without HA

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
3.1.1 Intention-to-treat analysis
Carlsson 2005 50 1.1(0.7) 50 0.5(0.4) .— 87.47% 0.65[0.44,0.86]
Toksvig-Larsen 1998 15 1.4(0.8) 11 1(0.7) —_— 12.53% 0.4[-0.15,0.95]
Subtotal *** 65 61 <o 100% 0.62[0.42,0.81]
Heterogeneity: Tau?=0; Chi*=0.69, df=1(P=0.41); 1>=0%
Test for overall effect: Z=6.21(P<0.0001)
3.1.2 Available data analysis
Carlsson 2005 45 1.1(0.7) 48 0.5(0.4) -.- 85.48% 0.68[0.45,0.91]
Toksvig-Larsen 1998 15 1.4(0.8) 11 1(0.7) —_— 14.52% 0.4[-0.15,0.95]
Subtotal *** 60 59 L 2 100% 0.64[0.43,0.85]
Heterogeneity: Tau?=0; Chi*=0.85, df=1(P=0.36); 1>=0%

Favours Uncemented 105 0 05 1 Favours Cemented
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Study or subgroup Uncemented Cemented Mean Difference Weight Mean Difference
without HA
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
Test for overall effect: Z=5.96(P<0.0001)
Favours Uncemented 105 0 05 Favours Cemented

Analysis 3.2. Comparison 3 Cemented versus uncemented without HA,
Outcome 2 Maximum total point motion in millimeters (24 months).

Study or subgroup Uncemented Cemented Mean Difference Weight Mean Difference
without HA

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
3.2.1 Intention-to-treat analysis
Carlsson 2005 50 1.1(0.7) 50 0.6 (0.4) . 80.39% 0.53[0.31,0.75]
Toksvig-Larsen 1998 14 1.5(0.8) 9 1(0.3) —— 19.61% 0.5[0.06,0.94]
Subtotal *** 64 59 ¢ 100% 0.52[0.33,0.72]
Heterogeneity: Tau?=0; Chi*=0.01, df=1(P=0.9); I>=0%
Test for overall effect: Z=5.28(P<0.0001)
3.2.2 Available data analysis
Carlsson 2005 45 1.1(0.7) 49 0.6 (0.4) . 77.97% 0.55[0.32,0.78]
Toksvig-Larsen 1998 14 1.5(0.8) 9 1(0.3) —*— 22.03% 0.5[0.06,0.94]
Subtotal *** 59 58 ¢ 100% 0.54[0.33,0.75]

Heterogeneity: Tau?=0; Chi*=0.04, df=1(P=0.84); 1>=0%
Test for overall effect: Z=5.13(P<0.0001)

Favours Uncemented -4 2 0

Favours Cemented

Analysis 3.3. Comparison 3 Cemented versus uncemented without HA, Outcome
3 Arthroplasty instability (arthroplasty instability was considered an event).

Study or subgroup Uncemented Cemented Risk Ratio Weight Risk Ratio
without HA
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
3.3.1 Intention-to-treat analysis (missing participants were catego- ‘
rized unstable)
Carlsson 2005 9/50 13/50 —.J!‘ 57.38% 0.69[0.33,1.47]
Toksvig-Larsen 1998 5/15 7/13 —— 42.62% 0.62[0.26,1.48]
Subtotal (95% CI) 65 63 <> 100% 0.66[0.37,1.17]
Total events: 14 (Uncemented without HA), 20 (Cemented)
Heterogeneity: Tau?=0; Chi*=0.04, df=1(P=0.85); 1>=0%
Test for overall effect: Z=1.43(P=0.15)
3.3.2 Intention-to-treat analysis (missing participants were catego-
rized stable)
Carlsson 2005 4/50 11/50 ﬂ 55.12% 0.36[0.12,1.07]
Toksvig-Larsen 1998 4/15 3/13 + 44.88% 1.16[0.32,4.24]
Subtotal (95% ClI) 65 63 * 100% 0.61[0.2,1.9]
Total events: 8 (Uncemented without HA), 14 (Cemented) ‘
Heterogeneity: Tau?=0.31; Chi*=1.83, df=1(P=0.18); 1>=45.41% ‘
Test for overall effect: Z=0.85(P=0.4) ‘ ‘ ‘ ‘
Favours uncemented 0.005 0.1 1 10 200 Favours cemented
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Study or subgroup Uncemented Cemented Risk Ratio Weight Risk Ratio
without HA
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
3.3.3 Available data analysis
Carlsson 2005 4/45 11/48 —l— 57.37% 0.39[0.13,1.13]
Toksvig-Larsen 1998 4/14 3/9 —i— 42.63% 0.86[0.25,2.96]
Subtotal (95% Cl) 59 57 - 100% 0.54[0.24,1.22]
Total events: 8 (Uncemented without HA), 14 (Cemented)
Heterogeneity: Tau?=0; Chi?=0.93, df=1(P=0.34); 1>=0%
Test for overall effect: Z=1.47(P=0.14)
Favours uncemented 0.005 0.1 1 10 Favours cemented
ADDITIONAL TABLES
Table 1. Complications
Complications Toksvig-Larsen Nilsson 1999 Carlsson 2005 Uvehammer
1998 2007

Unrelated deaths 2 cemented 3 cemented, 5 unce- 1cemented,4un-  2cemented, 1
o mented with hydroxya-  cemented without uncemented
(N and fixation) patite hydroxyapatite, with hydroxyap-
atite
1 uncemented
with hydroxyap-
atite
Cardiac infarction 1 cemented 1? - -
(N and fixation) (5-day PO)
Revision because of loosening - 1luncemented with hy- - -
droxyapatite
(N and fixation)
Revision because of infection - 2 uncemented with hy- 1 uncemented -
droxyapatite without hydroxya-
(N and fixation) patite
Revision because of instability - - 1 cemented -
(N and fixation)
Cerebral hemorrhage - 1? - -
(N and fixation)
Cerebral infarction - 1 cemented (2-year PO) - -
(N and fixation)
Periprosthetic fractures - 2 cemented, 1 unce- - -
mented with hydroxya-
(N and fixation) patite
Aseptic necrosis of the patella - 1? - -
Cemented, cementless or hybrid fixation options in total knee arthroplasty for osteoarthritis and other non-traumatic diseases (Review) 39
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Table 1. Complications (continued)
(N and fixation)

? =Type of fixation not described
PO = postoperative
N = number of participants

APPENDICES

Appendix 1. Search strategy for CENTRAL

CENTRAL

#1 arthritis[mesh]

#2 arthrit*:ti,ab

#3 osteoarthr*:ti,ab

#4 gonarthrosis:ti,ab

#5 arthralgia:ti,ab

#6 felty* next syndrome:ti,ab

#7 caplan™ next syndrome:ti,ab

#8 sjogren*next syndrome:ti,ab

#9 sicca next syndrome:ti,ab

#10 still* next disease:ti,ab

#11 bechterew™ next disease:ti,ab
#12 rheuma*:ti,ab

#13#1 OR#2 OR#3 OR#4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12
#14 knee[mesh]

#15 knee joint[mesh]

#16 knee*:ti,ab

#17 #14 OR #15 OR #16

#18 #13 AND #17

#19 knee osteoarthritis[mesh]

#20 #18 OR #19

#21 knee arthroplasty[mesh]

#22 knee prosthesis[mesh]

#23 knee*[tw] AND (arthroplast* OR implant* OR replace* OR prosthe* OR endoprosthe*):ti,ab
#24 #21 OR #22 OR #23

#25 "Prostheses and Implants"[mesh]
#26 #17 AND #25

#27 #24 OR #26

#28 cementation[mesh]

#29 "Bone cements"[mesh]

#30 "Durapatite"[mesh]

#31 cement* OR uncement* OR Hydroxyapatite OR Durapatite OR Ingrowth OR hybrid OR porous* OR coat* OR press-fit:ti,ab
#32 #28 OR #29 OR #30 OR #31

#33 #20 AND #27 AND #32

Appendix 2. Search strategy for MEDLINE (via Pubmed)

MEDLINE (via PubMed)

#1 arthritis[mesh]
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(Continued)

#2 arthrit*[tw]

#3 osteoarthr*[tw]

#4 gonarthrosis[tw]

#5 arthralgia[tw]

#6 felty” syndrome[tw]

#7 caplan® syndrome[tw]

#8 sjogren™ syndrome[tw]

#9 sicca syndrome[tw]

#10 still* disease[tw]

#11 bechterew* disease[tw]

#12 rheuma*[tw]

#13#1 OR#2 OR#3 OR#4 OR#5 OR #6 OR #7 OR#8 OR #9 OR #10 OR #11 OR #12
#14 knee[mesh]

#15 knee joint[mesh]

#16 knee*[tw]

#17 #14 OR#15 OR #16

#18 #13 AND #17

#19 knee osteoarthritisimesh]

#20 #18 OR #19

#21 knee arthroplasty[mesh]

#22 knee prosthesis[mesh]

#23 knee*[tw] AND (arthroplast* OR implant* OR replace* OR prosthe* OR endoprosthe*)[tw]
#24 #21 OR #22 OR #23

#25 "Prostheses and Implants"[mesh]

#26 #17 AND #25

#27 #24 OR #26

#28 cementation[mesh]

#29 "Bone cements"[mesh]

#30 "Durapatite"[mesh]

#31 cement* OR uncement* OR Hydroxyapatite OR Durapatite OR Ingrowth OR hybrid OR porous* OR coat* OR press-fit[tw]
#32 #28 OR #29 OR #30 OR #31

#33 #20 AND #27 AND #32

#34 randomized controlled trial[pt]

#35 controlled clinical trial[pt]

#36 randomized controlled trials[mh]

#37 random allocation[mh]

#38 double-blind method[mh]

#39 single-blind method[mh]

#40 clinical trial[pt] OR clinical trials[mh]

#41 ("clinical trial"[tw]

#42 (singl*[tw] OR doubl*[tw]

#43 trebl*[tw] OR tripl*[tw]) AND (mask*[tw] OR blind*[tw]))
#44 ("latin square"[tw])

#45 placebos[mh]

#46 placebo*[tw]

#47 random™*[tw]

#48 research design[mh:noexp]

#49 comparative study[mh]

#50 evaluation studies[mh]

#51 follow-up studies[mh]

#52 prospective studies|mh]

#53 cross-over studies[mh]

#54 control*[tw]

#55 prospectiv*[tw]

#56 volunteer*[tw] NOT (animal[mh] NOT human[mh])
#57 #34 OR #35 OR #36 OR #37 OR #38 OR #39 OR #40 OR #41 OR #42 OR #43 OR #44 OR #55 OR #56
#58 #33 AND #57
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Appendix 3. Search strategy for EMBASE (via OVID)

EMBASE (via OVID)

1. exp Arthritis/

2. arthritS.tw.

3. osteoarthrS$.tw.

4. gonarthrosis.tw.

5. arthralgia.tw.

(felty$ adj2 syndrome).tw.
(caplan$ adj2 syndrome).tw.
(sjogren$ adj2 syndrome).tw.
(sicca adj2 syndrome).tw.
0. still$ disease.tw.

11. bechterews$ disease.tw.
12. rheuma$.tw.

13.0r/1-12

14. exp knee/

15. exp knee joint/

16. knee$.tw.

17.or/14-16

18.13and 17

19. exp Knee Osteoarthritis/
20. exp Knee Arthritis/
21.0r/18-20

22. exp Knee Arthroplasty/
23. exp Knee Prosthesis/

6
7
8
9
1

24. (knee$ adj2 (arthroplast$ or implant$ or replace$ or prosthe$ or endoprosthe$)).tw.

25. exp Prosthesis/

26. exp IMPLANTATION/
27.250r26

28.17 and 27

29. 0r/22-24,28

30. exp CEMENTATION/
31. exp HYDROXYAPATITE/

32. (cement$ or uncement$ or Hydroxyapatite or Durapatite or Ingrowth or hybrid or porous$ or coat$ or press-fit).tw.

33. 0r/30-32

34.and/21,29,33

35. randomS.ti,ab.

36. factorial$.ti,ab.

37. (crossovers$ or cross over$ or cross-over$).ti,ab.
38. placebo$.ti,ab.

39. (doubl$ adj blind$).ti,ab.

40. (singl$ ad] blind$).ti,ab.

41. assign$.ti,ab.

42. allocat$.ti,ab.

43, volunteerS.ti,ab.

44, crossover procedure.sh.

45. double blind procedure.sh.

46. randomized controlled trial.sh.
47. single blind procedure.sh.

48. or/35-47

49. exp animal/ or nonhuman/ or exp animal experiment/

50. exp human/
51.49 and 50
52.49 not 51
53.48 not 52
54.34 and 53
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Appendix 4. Search strategy for LILACS

LILACS

(((arthritis OR arthrit* OR osteoarthr* OR gonarthrosis OR arthralgia OR felty* syndrome OR caplan* syndrome OR sjogren* syndrome
OR sicca syndrome OR still* disease OR bechterew* disease OR rheuma*) AND (knee OR knee joint OR knee*)) OR knee osteoarthritis)
AND ((knee arthroplasty OR knee prosthesis OR (knee* AND (arthroplast* OR implant* OR replace* OR prosthe* OR endoprosthe*))
OR (prostheses and implants AND (knee OR knee joint OR knee*))) AND (cementation OR bone cements OR durapatite OR (cement*
OR uncement* OR hydroxyapatite OR durapatite OR ingrowth OR hybrid OR porous* OR coat* OR press-fit)) AND ((Pt randomized con-
trolled trial OR Pt controlled clinical trial OR Mh randomized controlled trials OR Mh random allocation OR Mh double-blind method
OR Mh single-blind method) AND NOT (Ct animal AND NOT (Ct human and Ct animal)) OR (Pt clinical trial OR Ex E05.318.760.535$ OR
(Tw clin§ AND (Tw trial$ OR Tw ensa$ OR Tw estud$ OR Tw experim$ OR Tw investiga$)) OR ((Tw singl$ OR Tw simple$ OR Tw doubl$
OR Tw doble$ OR Tw duplo$ OR Tw trebl$ OR Tw trip$) AND (Tw blind$ OR Tw cego$ OR Tw ciego$ OR Tw mask$ OR Tw mascar$)) OR
Mh placebos OR Tw placebo$ OR (Tw random$ OR Tw randon$ OR Tw casual$ OR Tw acaso$ OR Tw azar OR Tw aleator$) OR Mh re-
search design) AND NOT (Ct animal AND NOT (Ct human and Ct animal)) OR (Ct comparative study OR Ex E05.337$ OR Mh follow-up
studies OR Mh prospective studies OR Tw control$ OR Tw prospectiv$ OR Tw volunt$ OR Tw volunteer$) AND NOT (Ct animal AND
NOT (Ct human and Ct animal)))
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INDEX TERMS

Medical Subject Headings (MeSH)

*Knee Prosthesis; Arthritis, Rheumatoid [*surgery]; Arthroplasty, Replacement, Knee [*methods]; Biocompatible Materials
[therapeutic use]; Bone Cements [*therapeutic use]; Durapatite [therapeutic use]; Osteoarthritis, Knee [*surgery]; Prosthesis Failure
[*etiology]; Radiostereometric Analysis [methods]; Randomized Controlled Trials as Topic; Time Factors; Treatment Outcome

MeSH check words

Humans
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