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Abstract N\

Background: The use of cemented and cementless fixations in primary total knee arthroplasty (TKA) in young patients is \
controversial. Previous reviews predominantly relied on data from retrospective studies. This systematic review and meta-analysis of
randomized controlled trials (RCTs) evaluated the optimal fixation mode in TKA for young patients.

Methods: The PubMed, Embase, Medline, Web of Science, and full Cochrane Library electronic databases were searched from
inception to July 2018. The outcome measurements consisted of functional outcomes (Knee Society Score [KSS], range of motion
[ROM]), radiolucent lines, aseptic loosening, total complications, and reoperation rate. Study data were pooled using a random-
effects model.

Results: Six RCTs were included in the systematic review and meta-analysis. The mean follow-up period was 12 years (range, 2—
16.6 years). Cementless TKA was associated with higher KSS-function (P < .0001), higher KSS-pain (P=.005), better ROM recovery
(P=.01), and fewer radiolucent lines (<1mm) (P=.04) compared with cemented TKA. No significant intergroup differences were
observed for KSS-knee, total complications, aseptic loosening, or reoperation rate. These results based on a random-effects model
were unchanged by sensitivity analysis assumptions.

Conclusion: Cementless TKA was substantially superior to cemented TKA in young patients. Although the complication and
survival rates were similar between groups, better clinical outcomes were obtained with cementless fixation. Further well-designed
studies with long follow-up durations are necessary to confirm our findings.

Abbreviations: KSS = Knee Society Score, RCTs = randomized controlled trials, ROM = range of motion, TKA = total knee

arthroplasty.
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1. Introduction

Historically, total knee arthroplasty (TKA) has been used primarily
in relatively sedentary elderly patients with end-stage knee
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osteoarthritis. However, TKA is now being performed in a
growing number of patients aged 65 years or younger. In the
Australian Joint Replacement Register, TKA patient demographics
are slowly changing to younger patients, with the number of
patients younger than 65 years of age having increased by 40%
from the start of the register in 2002 until 2007.!" Patients younger
than 65 years are predicted to represent the majority of the
anticipated primary TKA cases between 2010 and 2030.1*) TKA is
a proven effective treatment in young patients>*! despite the fact
that they are more active and demanding; thus, more mechanical
complications and potential revisions may occur over time.
Debate over the use of cemented versus cementless fixation in
TKA has persisted since the introduction of the latter. Cemented
TKA is still the gold standard in TKA with excellent clinical
outcomes and implant survivorship for up to 20 years."!
However, it has been reported that the cemented TKA is
associated with higher failure rates in younger and more active
patients, with bone cement’s lack of remodeling capacity as well
as third-body wear over the long term of cemented fixation.!*~®
On the other hand, cementless fixation remains of interest to
avoid the problems of cement longevity and preserve bone stock
for potential revisions.”! A more physiological bond between
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bone and implant is suggested to result in improved survival since
it resists aseptic loosening.!'”! Several studies have demonstrated
the relationship between bone ingrowth and long-term implant
stability and fixation durability."?'?! Nevertheless, signs of
osteolysis have also been observed with cementless TKA.['3!
Cementless fixation has not been widely accepted to date
because several early implant designs failed, while many others
did not show superiority to cemented fixation.'¥! To our
knowledge, it remains controversial whether cementless or
conventional cemented fixation is superior in terms of postoper-
ative functional recovery, implant survival, total complications,
and radiological performance for primary TKA in young
patients. Previous systematic reviews attempted to synthesize
available evidence to explore the clear superiority of one modality
over the other in young patients but drew different conclusions.
However, these reviews were hampered by a limited number of
randomized clinical trials (RCTs) available for analysis at the
time.!">'3! In this context, the present systematic review and meta-
analysis aimed to include the highest-level evidence available to
determine the functional outcomes and clinical reliability of
cementless components versus those of conventional cemented
components for young patients undergoing primary TKA. A
review and meta-analysis of the highest-level evidence in the
current literature will allow us to better inform orthopedic
surgical colleagues, general practitioners, physiotherapists, and
patients about the outcomes of such surgery in young patients.

2. Materials and methods

2.1. Eligibility criteria and search strategy

The study protocol was developed and executed in compliance with
the Preferred Reporting Items for Systematic Reviews and Meta-
analyses statement.'®! This study was registered in the Research
Registry. The studies included in our meta-analysis had to meet all of
the following inclusion criteria in the PICOS order: Population:
patients (<65 years) who received primary TKA; Intervention:
patients received cementless fixation in TKA; Comparison interven-
tion: patients received cemented fixation in TKA; Outcome
measures: at least one of the following outcome measures was
reported: complication, reoperation, radiological outcomes, and
functional results; Study design: RCTs with restriction to the English
language. The exclusion criteria were: non-English language papers;
non-RCTs such as case reports, animal trials, letters, retrospective
studies, and reviews; conference abstracts and duplicate reports; and
studies with no data analysis and/or power analysis.

From database inception to July 2018, 2 independent
investigators used the following electronic databases to search
existing literature: PubMed, Embase, Medline, Web of Science,
and the full Cochrane Library. The detailed search strategy was
as follows: (total knee arthroplasty or total knee replacement)
and (cemented or cementless or uncemented) and (prospective or
random). The reference lists of the included studies were also
checked for additional studies that were not identified in the
database search. This study is reported in line with Assessing the
Methodological Quality of Systematic Reviews guidelines.
Ethical approval was not necessary because the present meta-
analysis was performed based on previously published studies.

2.2. Study selection

Articles were exported to EndNote and the duplicates were
removed. Two independent authors screened the titles and
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abstracts of the potentially relevant studies to determine their
eligibility based on the criteria. Disagreements were resolved
through a discussion with a third author.

2.3. Data extraction

Two independent authors extracted the following descriptive raw
information from the selected studies, including inclusion and
exclusion criteria, first author, publish year, study design, sample
size, mean age, sex ratio, detailed intervention protocols, follow-
up time, and outcome measures. Disagreements were resolved
through discussion with the third author. The outcome measure-
ments consisted of functional outcomes (Knee Society Score
[KSS], range of motion [ROM]), radiolucent lines, aseptic
loosening, total complications, and reoperation. If the data were
missing or could not be extracted directly, we contacted the
corresponding authors to ensure that the information was
integrated. Otherwise, we calculated them using the Cochrane
Handbook for Systematic Reviews of Interventions 5.1.0 guide-
lines. If necessary, we omitted extracting the incomplete data.

2.4. Quality assessment

The Cochrane risk of bias tool was used to evaluate the risk of
bias of the included RCTs by 2 independent reviewers.['”! RCT
quality was assessed using the following 7 items: random
sequence generation, allocation concealment, blinding of partic-
ipants and personnel, blinding of outcome assessment, incom-
plete outcome data, selective reporting, and other bias. Kappa
values were used to measure the degree of agreement between the
2 reviewers and were rated as follows: fair, 0.40 to 0.59; good,
0.60 to 0.74; and excellent, >0.75. Any controversy was resolved
by discussion with a third author to reach a final consensus.

2.5. Data analysis

The statistical analyses in the present study were performed using
Review Manager Software (RevMan Version 5.3; The Cochrane
Collaboration, Copenhagen, Denmark). Risk ratios (RR) with a
95% confidence interval (CI) or mean differences (MD) with
95% CI were assessed for dichotomous or continuous outcomes,
respectively. Significance was set at P<.05. The heterogeneity
was assessed using the Q test and I” statistics. An I*>40% was
considered to represent significant heterogeneity. The study data
were pooled using the random-effects model. The Z test was used
to assess the overall effect.

The publication bias was assessed by using funnel plots
diagram. As many outcome measures were investigated, we only
evaluated publication bias of reoperation rates, total complica-
tions, and radiolucent lines. The funnel plot asymmetry was
evaluated by an Egger linear regression test to reveal any possible
publication bias. Sensitivity analyses were undertaken to
determine the potential source of heterogeneity when significant.

3. Results

3.1. Study selection

A total of 935 potentially relevant studies were initially identified
by 2 independent reviewers from the following 5 databases: 219
from PubMed, 243 from EMBASE, 213 from Web of science,
182 from Medline, and 76 from the full Cochrane Library. After
the duplicates were removed, the remaining 364 studies were
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Figure 1. Flow diagram showin

RCT included patients over the age of 65
(n=21);

Two publications reported same patients in
2008, and 2013 (n = 2)

g details of the literature search.

screened; of them, 33 were subjected to full-text review. Eight
RCTs involving patients younger than 65 years of age met the
inclusion and exclusion criteria. Of the 25 studies excluded at
full-text review, 2 were reviews,!>'>1 1 was a registry study,!*®! 1
was a retrospective study, ! and 21 RCTs included patients over
the age of 65 years. Furthermore, 3 publications by Henricson
et al®”! reported the same patients in 2008, 2013,*! and
2016,"*?! so we considered only the study of 2016. Ultimately, 6
RCTs were included in the further analysis (Fig. 1).1%-2272¢!

3.2. Study characteristics and quality assessment

Table 1 outlines the characteristics of the 6 included RCTs
involving 510 knees (255 for the cemented group; 255 for the
cementless group). The participant age range in the included
studies was 33 to 65 years, while the follow-up range was 2 to

16.6 years. All prostheses were designed as posterior cruciate
ligament—retaining with a fixed tibial platform. None of the
studies used screws for additional reinforcement or resurfaced
the patella.

The critical appraisal of the included studies using the
Cochrane risk of bias tool is detailed in Fig. 2 and summarized
in a stacked bar chart in Fig. 3. All trials included in this review
clearly described inclusion and exclusion criteria. Only 1 study
did not report the randomization method used.””?! The allocation
concealment method was reported in 4 studies.['%?%2¢1 Only the
Lizaur-Utrilla et al'®*! study was double-blind; the remaining 5
studies did not blind the study staff or patients, which introduced
high potential for performance bias. One study did not mention
the personnel responsible for outcome measures,”*! while 3
studies!!%2*2¢! failed to report investigator blinding, indicating
high detection bias. The proportion of patients lost to follow-up

Study characteristics and patient demographic details.

Level of No of No of knees Female Mean age PCL Screw Bearing Patella Mean

Study Design evidence patients (C/CL) (C/CL) (range), y retaining type resurfaced follow-up Outcomes
Henricson, 2016 RCT | 33 26/21 12/11 54 (33-59) Yes No Fixed Yes 10y KSS, ROM, RL, CP
Kim, 2014 RCT | 80 80/80 63/63 54.3 (49-55) Yes No Fixed Yes 166y  KSS, ROM, RL, CP
Lizaur-Utrilla, 2014 RCT | 93 45/48 33/34  51.4 (<5b) Yes No Fixed Yes 72y  KSS, ROM, RL, CP
Park, 2011 RCT | 50 50/50 39/39 58.4 (51-65) Yes No Fixed Yes 13.6y  KSS, ROM, RL, CP
Gao, 2009 RCT | 41 19/22 23 55 (33-59) Yes No Fixed Yes 2y KSS, RL, CP
Nilsson, 2006 RCT | 60 35/34 20/23 55 (34-64) Yes No Fixed Yes 2y KSS, RL, CP

C=cemented; CL=cementless; CP=complication; KSS=Knee Society Score; PCL = posterior cruci

ate ligament; RCT =randomized controlled trial; RL=radiolucent line; ROM=range of motion.
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Figure 2. Risk of bias summary.

was <20% in all studies, indicating low attrition bias. All studies
reported the results of all predefined measures, indicating low
reporting bias. No other bias was detected. The overall kappa
value regarding the evaluation of risk of bias was 0.899, meaning
an excellent inter-reviewer degree of agreement.
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3.3. Meta-analysis results
3.3.1. Functional outcomes. Four studies involving
250 knees showed no benefit of cementless fixation over
cemented fixation in KSS-knee (MD, 0.20; 95% CI, -2.53 to
2.93; P=.89; I*=62%). A sensitivity analysis was conducted to
determine the source of the heterogeneity. The pooled data from
the 5 remaining studies supported a similar KSS-knee between the
groups after exclusion of the Lizaur-Utrilla et al**! study (MD, —
1.17; 95% CI, -2.62 to 0.29; P=.12; [*=0%; Fig. 4A). Pooling
data from 3 studies>*?*?°! involving 262 knees demonstrated a
significant benefit favoring cementless over cemented fixation in
KSS-function (MD, 4.48; 95% CI, 2.29-6.66; P <.0001; I*=
0%; Fig. 4B). The pooling of data from 4 studies!**~! involving
281 knees also demonstrated a significant benefit favoring
cementless over cemented fixation in KSS-pain (MD, 3.03; 95%
CI, 0.94-5.12; P=.005; I*=0%; Fig. 4C). Similarly, the pooling
of data from 4 studies™%***! involving 400 knees indicated a
benefit of cementless over cemented fixation in ROM (MD, 5.28;
95% CI, 1.14-9.43; P=.01; I*=0%; Fig. 4D).

[22,23,25,26]

3.3.2. Radiological outcomes. Based on 6 studies%?272° with

510 knees reporting radiolucent line (<1 mm), the presentation of
radiolucency under the tibial or femoral component was much
lower in the cementless group (18.4% in the cemented group and
9.8% in the cementless group; RR, 0.61; 95% CI, 0.38-0.98;
P=.04; I>=13%; Fig. 5A). However, the pooling of data from 5
studies!'®?*272%] involving 441 knees revealed no significant
intergroup difference in aseptic loosening of the components (RR,
1.08; 95% CI, 0.27-4.33; P=.92; I*=0%; Fig. 5B).

3.3.3. Total complications and reoperation. Six studies!'%**

26l with 510 knees reported the results of total complications at the
last follow-up. The cementless and cemented groups had similar
incidences of postoperative complications (14 and 17, respectively;
RR, 0.83; 95% CI, 0.42-1.65; P=.60; I?’=0%; Fig. 6A). The
major 3 complications for the cementless group were persistent
anterior knee pain, aseptic loosening, and deep infection, while
aseptic loosening, deep infection, and neurological complications
were most common in the cemented group. Similarly, there was no
significant difference in reoperation rates, indicating that survivor-
ship at a mean 12-year follow-up with reoperation for all causes as
the end point was comparable between the 2 groups (RR, 0.70;
95% CI, 0.33-1.47; P=.35; I*=0%; Fig. 6B).

Random sequence generation (selection bias)
Allocation concealment (selection bias)
Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)
Selective reporting (reporting bias)

Other bias

0% 25% 50% 75% 100%

. Low risk of bias

|:| Unclear risk of bias

B High risk of bias

Figure 3. Risk of bias graph.
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Figure 4. A. Forest plots of Knee Society Knee Score of the cemented and cementless groups. B. Forest plots of Knee Society Function Score of the cemented
and cementless groups. C. Forest plots of Knee Society Pain Score of the cemented and cementless groups. D. Forest plots of range of motion of the cemented

and cementless groups.

3.4. Publication bias

The funnel plots of reoperation, total complications, and
radiolucent lines were symmetrical, indicating a low risk of
publication bias (Fig. 7A-C).

4. Discussion

In this systematic review and meta-analysis of 6 RCTs with >500
knees comparing postoperative outcomes of cemented and
cementless fixation in primary TKA for young patients, the
latter group reported higher KSS-function, higher KSS-pain,
better ROM recovery, and fewer radiolucent lines (<1 mm). No
statistically significant intergroup differences in KSS-knee, aseptic
loosening rates, total complication rates, and reoperation rates
were detected. These results based on a random-effects model
were unchanged by the sensitivity analysis assumptions.
Regarding functional recovery, the present meta-analysis
revealed a similar KSS-knee between the groups (P=.89; I*=

62%). When we excluded the source of heterogeneity in the
sensitivity analysis, the statistical result was still reliable (P=.12;
I’=0%). However, the results of the meta-analysis first
demonstrated that patients with the cementless component had
significantly higher KSS-function, KSS-pain, and ROM at the last
follow-up. To our knowledge, no clinical differences were seen in
many prospective randomized studies that compared cementless
and cemented fixation, but these studies included a mixture of age
groups.?”?81 Mont et all'” also found no clinical differences
between the cementless and cemented groups of young patients at
a mean follow-up of 7 years, but theirs was a retrospective study.
Patients younger than 65 years are generally more physically
active and place higher demands and stresses on their implants.
The cause of the differences in clinical outcomes in the present
study is unclear. However, we hypothesized that cementless
components in young patients had increased stability at the
medium- and long-term, whereas cemented components might
have progressive fixation defects, though not necessarily
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Figure 5. A. Forest plots of radiolucent line of the cemented and cementless groups. B. Forest plots of aseptic loosening of the cemented and cementless groups.

loosening, which could cause pain and mobility restrictions that

affect the scores.

In our meta-analysis, total complications were comparable
regardless of component fixation. However, complications were
uncommon, and our study may have been underpowered
to detect clinically meaningful differences between surgical

fixations. Moreover, the sample size within any cemented or

cementless group among the included studies was 19 to 80 knees.

Therefore, it is plausible that rare events were undetected in some
studies due to the small study size. In clinical practice, implant
survival is the main issue related to TKA. The challenge today is
to design implants and modes of fixation that will last for 30 years
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Figure 7. A. Funnel plots of reoperation rates of the cemented and cementless groups. B. Funnel plots of total complications of the cemented and cementless
groups. C. Funnel plots of radiolucent line of the cemented and cementless groups.

or more to suit these younger patients. In their registry study of
778 patients younger than 55 years with a mean follow-up of 14
years, Gioe et al''® found better survival in the cemented TKA
group. However, since a higher number of cemented implants
was studied (738 vs 40 cementless), the significance of this result
is greater for the cemented group. Here we found no statistically
significant differences in reoperation rates (6.3% for the
cemented group vs 4.3% for the cementless group); therefore,
according to the available evidence, cementless fixation might be
as durable as cemented fixation for young patients undergoing
primary TKA. However, most fixation-related failures tend to
occur 10 years ago,?”! potential intergroup differences might
have gone undetected in some included studies with a 2-year
follow-up.!?>?°! Therefore, it is necessary and worthwhile to
obtain longer-term follow-up data to present a more compre-
hensive picture of cementless or cemented fixation in young
patients.

Radiolucent lines are radiolucent intervals between the implant
and the adjacent bone.**! According to Aebli et al,*!! radiolucent
lines might occur due to imperfect cuts of the tibial plateau or due
to micromotions leading to gap formation, which may prevent
osteointegration in cementless TKA inducing the formation of
fibrous tissue or osteoporotic regions. The presence of lines may
be positively associated with loosening or instability, including
migration, and inadequate load distribution.**! Earlier stud-
ies?®*** demonstrated that radiolucent lines occurred more
frequently in cases of cementless TKA, further resulting in a
consensus to use cemented component in tibial plateaus.

Contrary to their conclusion, our study revealed that cementless
TKA was associated with fewer radiolucent lines under the tibial
or femoral component. Additionally, the loosening rates were
similar between the groups. However, the radiolucency described
in our study was non-progressive (<1mm) and can occur with
well-fixed components, so it should not necessarily be interpreted
as loosening. Mutsuzaki et al®*! demonstrated a significant
correlation between continual moderate knee pain and the
appearance of tibial radiolucent lines. Our meta-analysis
demonstrated better pain relief with cementless fixation than
with cemented fixation at the last follow-up, which might have
resulted from the relatively fewer radiolucent lines in the
components.

Several reviews have compared the clinical efficacy and
reliability of cementless and cemented fixation in primary
TKA. A recently published meta-analysis'>*! reported similar
implant survivorship and clinical outcomes between full-
cementless and full-cemented fixation in TKA, but elderly
patients only were included in 4 of the RCTs.1283¢7381 A previous
review conducted by Franceschetti et all'*! also showed similar
functional outcomes, radiological outcomes, and survival rates
for cemented and cementless TKA. However, only 2 RCTs!!%23!
were included in their study, and the levels of evidence of the
other included studies were very low. Aujla and Esler!"
performed a systematic review to analyze the functional
outcomes of TKA performed in young patients. Postoperative
clinical and functional KSS scores averaged 91.5 and 89.2 versus
92.2 and 82.2 for the cemented implant group, findings that were
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consistent with our results. However, they revealed a significantly
higher all-cause revision rate for cementless TKA, with a revision
rate of 7.0% for cemented prostheses and 2.3% for uncemented
prostheses. However, they were unable to perform a meta-
analysis or a weighted mean difference analysis due to the lack
of homogeneity in the studies. Similarly, they only included
2 RCTs.'023

The present study is the first meta-analysis to assess cemented
versus cementless TKA in young patients. Our study strictly
demonstrated a clear superiority of cementless fixation in
postoperative functional recovery in cases of primary TKA for
this special group. We only included RCTs to provide a high-
quality evidence basis for the further application of cementless
fixation and offer a clinical basis for the development of
cementless prostheses. Despite our study’s strengths, some
limitations should be acknowledged. First, we included only
RCTs published in English, which may have excluded potentially
eligible studies with relevant findings. Second, the follow-up
length of 2 years in 2 of the included studies'****! was relatively
short for the comprehensive evaluation of implant prognosis.
Trials with longer follow-up periods are still needed. Third,
although only 6 RCTs were included in the meta-analysis,
evidence of them was level I; thus, future high-quality studies with
larger sample sizes are needed to confirm these findings.

5. Conclusions

Cementless TKA was substantially superior to cemented TKA in
young patients. Although the complication and survival rates
were similar between groups, better clinical outcomes were
obtained with cementless fixation. Further well-designed studies
with long follow-up durations are needed to confirm our
conclusions. Ultimately, the choice of fixation in primary TKA
should consider surgeon preference and experience as well as
patient preference.
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