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ABSTRACT
Objective: Cemented total knee arthroplasty still represents the
reference standard in the field of prothesis knee replacement; but since
cementless total knee arthroplasties were introduced there have been
strong discussions over the years among cemented and non-cemented
total knee arthroplasties to establish which gives the best benefits for
the patient and for the surgeon.
The purpose of this meta-analysis is to systematically analyze the use
of cemented and cementless total knee arthroplasties by investigating
clinical and radiological outcomes and rate of complications, in order to
assess which techniques confers more benefits to the patient and the
surgeon.
Materials and Methods: The current systematic review has been written
in accordance to the Cochrane handbook and the PRISMA statement for
reporting of systematic reviews incorporating network.
Results: Six randomized controlled trials were finally included in this
systematic review. The statistical analysis revealed no significant
differences in all clinical scores of interest (Knee Society Score, clinical
and functional, Oxford Knee Score, Visual Analogue Score) and a similar
revision rate.
Conclusion: the results of the current metanalysis suggest the noninferiority of cementless fixation with respect to cemented total knee
arthroplasties in terms of clinical outcomes and survival rates of the
implants.
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INTRODUCTION
Nowadays the use of knee replacement as a definitive
osteoarthritis treatment is employed in younger
patients compared to the past. Indeed, in the year
2011 the percentage of under 65 years patients
undergoing total knee arthroplasty (TKA) has
reached 50% and is expected to exceed 55% by the
year 2030 [1]. With a gradually younger population
undergoing TKAs, more functional outcomes
and greater quality of life will be required by the
patients; concomitantly an increased implant life
will be needed. Cemented TKAs have been and are
widely used in patients and still represent reference
standard for TKA; but since cementless TKAs were
introduced there have been strong discussions over
the years among cemented and non-cemented
TKAs to establish which gives the best benefits for
the patient and for the surgeon [2, 3]. Cementless
TKA was not accepted widely because of problems
encountered in long term follow of first implants,
not showing any benefits with respect to classical
cemented TKAs [4]. However, in the last decade,
due to the development of new implant materials,
interest in cementless TKAs has risen, settling ever
more the debate between the use of cementless
or cemented implants. The introduction of
trabecular metal, a porous biomaterial resembling
morphologically and biomechanically the patient
trabecular bone, could minimize the risk of aseptic
loosening of cementless TKA which represented
the major cause of failure of primary TKA [3, 5].
This hypothesis is strengthened by several studies
that, with the use of radio stereometric analyses,
demonstrated excellent fixation of the tibial
component with only mild failure rate among
non-modular tibial trays [6-7]. Other theoretical
advantages of cementless TKA could include
preservation of bone stock and elimination of
complication related to the use of cement, such as
retaining of loose cement fragments or third body
wear. Another consideration that can be made
regarding cementless fixation is the reduction of
operative time because there is no need to wait for
the cement curing. This leads to important benefits
for the patient and surgeon reducing the risk of
prosthetic joint infection (PJI) and surgical site
infection, reducing the need of pneumatic ischemia
because there is no need of complete exposure
of trabecular bone when waiting for the cement
hardening. Few systematic reviews and metaanalyses have compared radiological and clinical
© 2021 Acta Medica. All rights reserved.

outcomes of cemented versus non-cemented TKAs
and it’s still unknown whether the cementless
TKA could represent a valid alternative in knee
replacement surgery or not. The purpose of this
meta-analysis is to systematically analyze the use
of cemented and cementless TKAs and to evaluate
clinical and radiological results using validated
scoring instruments, radiographic findings, rate of
complications and survivorship rates.

MATERIALS and METHODS
The current systematic review has been written
in accordance to the Cochrane handbook [8] and
the PRISMA statement for reporting of systematic
reviews incorporating network [9], of which the
chart flow is summarized in Figure 1.
Data Source
A literature research was carried out by two
independent authors (F.M.G. and T. B.) through
September 2020 on PubMed, Google Scholar and
Scopus databases with the following items: total
knee arthroplasty, cemented, cementless. The
research was limited to randomized controlled trials
(RCT) conducted on human subjects. Moreover, in
order to identify all eligible studies, we searched
the Cochrane Library, the International Clinical
Trials Registry (ICTRP) of the WHO, ClinicalTrials.gov
and the EU Clinical Trials Register.
Study Selection
All the 513 articles obtained by the literature search
were screened for relevance, and after careful
reading of the abstract the full text of the relevant
articles was analyzed before final inclusion. The
last research was performed on October 1st, 2020.
Based on the Oxford Center of Evidence-BasedMedicine only level I articles were found by the
authors and included in the study. The inclusion
criteria used to judge the relevance of an article for
the current study were: RCT comparing TKA with
neither components (femoral and tibial) cemented
and TKA with both components cemented. For
the study selection the following exclusion criteria
have been applied: presence of hybrid prothesis
(only one component cemented), studies including
protheses implanted before the year 2000, follow
up less than 2 years.
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Figure 1. PRISMA chart flow, depicting the studies inclusion process after careful literature review.

Study Quality Assessment
The quality of the study was assessed with
the Modified Coleman Methodology Score
(mCMS), represented graphically in table 1. This
tool, employed for quality assessment, takes
into consideration 10 criteria that address the
methodology of the study, giving a value from
a minimum of 0 to a maximum of 100. A score of
a 100 signifies a reduced risk of bias and a strong
limitation to possible methodological mistakes.
The final score can be then stratified based on the
following scheme: 100 to 85 points is “Excellent”, 85
to 70 points is “Good”, 70 to 50 points is “Fair” and <
50 points is “Poor”. The subsections of the CMS are
276

based on the CONSORT statement for randomized
controlled trials modified to fit also other study
designs [10].
Data analysis
For analyses of direct comparisons between the
cemented TKA group and the cementless TKA
groups we used Prometa3 version 2.1. For each
outcome of interest, in addition to the overall size
effect, a heterogeneity analysis was performed.
For all tests a P value < 0.05 indicates statistical
significance. Instead for the analysis of the groups
demographic characteristics a Pearson correlation
test was performed.
© 2021 Acta Medica. All rights reserved.
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Table 1. Reports the results of the Modified Coleman Methodology Score (mCMS) for each included study. Legend: FU: follow up, N°: numbers, Postop: post-operative,
rehab: rehabilitation.
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Search results
The literature review resulted in 513 studies, but
only six [11-16] met the inclusion criteria set and
were finally included in the current systematic
review. The six included studies were all randomized
controlled trials (RCT) with a level of evidence I. They
had a mean follow up of 6.9 years (range 2 - 16.6),
The quality of the included studies was defined as
“Fair” according to the mCMS score (mean points
66.2).
Surgical technique
Among the 6 included studies, only two studies
did not perform the patellar resurfacing during the
TKA surgery [13]15]. Concerning the components
of implants, in four studies [11][12][14][16] the
cementless group received the Zimmer NexGen®
cementless femur CR flex design with a fiber
metal mesh ingrowth surface and a cementless
modular trabecular metal pegged tibia tray while
the cemented group received the Zimmer Biomet
NexGen® cemented precoat CR flex femur and a
cemented precoat keeled tibia tray. Both treatment
groups received the same standard CR fixedbearing polyethylene liner. The last two studies
employed respectively the Tritanium Triathlon CR
TKA (Stryker) [13] and the beaded, Peri-Apatitecoated TKA (Stryker) [15].
Demographics
The final study group was composed by 521 patients
and 651 knees; the discrepancy between these two
values is explained by the fact that 130 patients
have undergone a bilateral TKA. Among the 651
treated knees, 319 were cemented (cement group)
and 332 were not cemented (cementless group).
The cemented group population was composed by
44% of males, had a mean age at surgery of 60 years
and average body mass index (BMI) of 29.9. Instead
the cementless group population was composed
by 46% of males, had a mean age at surgery of 59.8
years and average body mass index (BMI) of 28.9.
The statistical analysis of these demographic values
revealed no statistically significant difference as
summarized in Table 2.
Clinical Outcomes
The six studies included in the current review
employed the following clinical scores in order
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Table 2. Summarizes the statistical analysis performed on
the two groups in order to identify possible differences
in the study populations. Legend: BMI: body mass index.
Variables

Cementless Cemented
group
groups

Statistical
analysis

Number of knees

332

319

P value > 0.05

Number of males

152

140

P value > 0.05

Age at surgery

59.8

60

P value > 0.05

BMI

28.9

29.9

P value > 0.05

to investigate the clinical outcomes of the TKA
surgery: Knee Society Score (KSS) clinical and
functional, the Oxford Knee Score (OKS) and the
Visual Analogue Score (VAS). In particular, all the
studies assessed the KSS clinical reporting in the
cemented group a net increase of 53.2 points from
a baseline of 38.7 to 91.9 at last follow up. Instead
in the cementless group a net increase of 52.8
points from a baseline of 38.4 to 91.3 at last follow
up was observed. The difference between the two
groups was not statistically significant as can be
appreciated in Figure 2.
Instead only four studies [11][12][13][16]
investigated the KSS functional reporting in the
cemented group a net increase of 32.6 points from
a baseline of 55.7 to 88.3 at last follow up. Instead
in the cementless group a net increase of 33.3
points from a baseline of 54.9 to 88.2 at last follow
up was observed. The difference between the two
groups was not statistically significant as can be
appreciated in Figure 3.

Only three studies [11][12][15] assessed the OKS
reporting in the cemented group a net increase of
22.1 points from a baseline of 20.9 to 43 at last follow
up. Instead in the cementless group a net increase
of 20.3 points from a baseline of 22.1 to 42.4 at last
follow up was observed. The difference between
the two groups was not statistically significant as
can be appreciated in Figure 4.
Three studies [11][12][15] assessed the VAS
reporting in the cemented group a net decrease of
2.8 points from a baseline of 5.8 to 3 at last follow
up. Instead in the cementless group a net decrease
of 2.5 points from a baseline of 5.5 to 3 at last follow
up was observed. The difference between the two
groups was not statistically significant as can be
appreciated in Figure 5.
Other Clinical Parameters
Three studies [11][12][15] reported the length of
surgery, reporting a mean value in the cemented
group of 85.2 minutes and of 76.7 minutes in
the cementless group. Three studies [14-16]
investigated the quantity of blood loss during the
surgery, reporting a mean value of blood loss in the
cemented group of 1342 ml and of 1509 ml in the
cementless group.
Radiological Evaluation
All the studies reported the number of TKA
revision occurred during the follow up. A similar

Figure 2. Shows the statistical analysis concerning the KSS clinical between the 2 groups: cemented group (on the
right of the forest plot) and the cementless group (on the left). Legend: Sig: significance, V: variance.
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Figure 3. Shows the statistical analysis concerning the KSS functional between the 2 groups: cemented group (on the
right of the forest plot) and the cementless group (on the left). Legend: Sig: significance, V: variance.

Figure 4. Shows the statistical analysis concerning the OKS functional between the 2 groups: cemented group (on the
right of the forest plot) and the cementless group (on the left). Legend: Sig: significance, V: variance.

Figure 5. Shows the statistical analysis concerning the VAS functional between the 2 groups: cemented group (on the
right of the forest plot) and the cementless group (on the left). Legend: Sig: significance, V: variance.
© 2021 Acta Medica. All rights reserved.
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number of revisions was observed in both groups
with 3 cases in the cemented group and 4 in the
cementless group and the difference was not
statistically significant (p value: 0.700). Instead
four studies [11][12][14][16] reported the presence
of radiolucencies, in particular 41 cases in the
cemented group and 68 cases in the cementless
group, the difference was found to be statistically
significant ( p value: 0.007). Moreover, only two
studies [11-12] reported the rate of subsidence, in
particular 0 cases were observed in the cemented
group and 8 in the cementless group, the difference
was not statistically significant (P value: 1.016).

DISCUSSION
The main finding of the current systematic
review and meta-analysis is the non-inferiority
of the cementless TKA implant compared to the
cemented TKA in terms of clinical outcomes and
complications rate. Indeed, the statistical analysis
revealed no significant differences in all clinical
scores and a similar revision rate in the two groups
making the cementless technique as effective and
safe as the cemented one. In the late 90’ a number of
clinical trials and reviews were published observing
the inferiority of the cementless technique both
in terms of safety (higher complications rate) and
efficacy (lower clinical scores improvement) [17,
18]. These discouraging results of cementless TKAs
have determined the use of cemented implants
worldwide [19]. In the first decade of the 2000
instead, the cemented technique showed an
improvement in terms of efficacy, with a metanalysis
of 15 clinical studies [2] showing no difference in
efficacy (same KSS improvement) between the two
groups, but still a higher rate of complications in
the cementless group was observed. Eventually
in the second decade of the 2000, the rate of
improvement of the cementless has kept rising,
as observed by the current review of RCTs that
showed the non-inferiority of the cemented
technique compared to the cemented one not only
in terms of clinical scores improvement but also
in survival rate. The improved performance of the
cementless technique with the decades may be
explained by the development of biotechnologies
and biomaterials with high osteoconductive
properties [19]. The results of the current review are
in line with two recent systematic reviews, showing
how modern cementless TKA implants employed
280

in the period 2010-2020 showed excellent survival
rate and clinical outcomes improvement [20,
21]. Moreover, the cementless technique offers
additional advantages compared to the cemented
one, considering the epidemiological trends of
the TKA surgery. Indeed, the rate of knee joint
replacement performed in younger patients has
increased together with the rise of humans’ life
span, leading to a higher rate of implants’ revisions
in the future [1]. Given the epidemiological context
just described, the cementless technique could
provide favorable outcomes since guarantees a
more biologic fixation of the implant, considering
that the porous surface facilitates a greater bone
ingrowth, as osteoblasts and mesenchymal cells
migrate toward the implant [5] [22].
Another advantage offered by the cementless
technique concerns the surgical time. Indeed, a
significant mean reduction of the operating time
of 8,5 minutes (9,98%) was found in the current
study when implanting cementless TKAs with
respect to the cemented group: the mean surgical
time for the cementless group resulted to be 76,7
minutes, while for the cemented group resulted
to be 85,2 minutes on average. This is due to
the use of cement that is a procedure involving
specific steps: preparation, application on joint
and implant, waiting for cement curing, removal of
residual cement and washing. This procedure has
to be followed accurately and so it requires time,
ultimately prolonging the stay in the operating
room. Given that, the use of cementless TKAs is
undeniably timesaving. In addition, the reduced
surgical time lowers the time of exposure to
pneumatic ischemia and to possible contaminants,
bringing about benefits for both the surgeon and
the patient [23]. Moreover, the employment of a
cementless technique leads to an overall decrease
in procedural cost of the TKA surgery of about $366
per implant [24].
Despite our metanalysis has discarded this
kind of studies, several trials have proposed the
technique of the Hybrid Fixation consisting in the
cementation of the tibial component only while
the femoral component remained cementless.
The results showed non-inferiority of the hybrid
implant compared to the cemented one, but the
follow up used was short and perhaps insufficient
to actually infer reliable conclusions in one case (2
years) [25] and in the other the heterogeneity of
© 2021 Acta Medica. All rights reserved.
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implants may have played as a source of bias [26].
Furthermore, with the hybrid fixation the advantage
derived from the reduction in surgical time and
of pneumatic ischemia, seen in the cementless
technique, is lost. Concerning the limitations
of the current study, should be mentioned the
paucity of included studies (due to the stringent
inclusion criteria), the limited mean follow-up
time, the heterogeneity of the clinical scores and
the possible source of bias given by the patellar
resurfacing employed buy some included studies
and not by others. In conclusion, the results of the
current metanalysis suggest the non-inferiority
of cementless fixation with respect to cemented

TKAs in terms of clinical outcomes and survival
rates of the implants. Therefore, now potentially
advantages of the cementless technique over the
cemented one could be investigated both in terms
of clinical outcomes and complications rate. Yet in
order to discern if these potential advantages are
real, studies with a longer follow-up and a better
study design are needed.
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