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Abstract

Purpose The fixation of revision total knee arthroplasties (rTKA) tends to be difficult, leading to a reduction in implant
survival. One option for achieving a more stable anchorage is to use metaphyseal cones and sleeves. The objective of the
present paper is to provide a current comparative meta-analysis on survival and clinical results of cones vs. sleeves, with a
differentiation between the short- and long-term outcome.

Methods A search of the literature was conducted systematically to include original papers from 2010 to June 2021. The
following parameters were taken into account: revision for aseptic loosening, revision for any reason, periprosthetic joint
infections (PJI), KSS as well as KSFS. Studies with a mean follow-up of at least 60 months were defined to be long-term
follow-up studies (LT). All other studies were included in the short-term (ST) study analysis. A pooled incidence was used
as a summary statistic using a random intercept logistic regression model.

Results The present meta-analysis included 43 publications with 3008 rTKA. Of these, 23 publications with 1911 cases
were allocated to the sleeve group (SG) and 20 papers with 1097 cases to the cone group (CG). CG showed overall numeri-
cally higher complication rates in short- and long-term follow-up, compared with SG. Aseptic loosening occurred at a rate
0f 0.4% in SG (LT) and 4.1% in CG (LT) (p =0.09). Periprosthetic joint infection (PJI) was more frequent in the cone group
(7% in ST and 11.7% in LT) than in the sleeve group (3.4% in ST and 4.9% in LT, p=0.02 both). The total revision rate
was 5.5% in SG (LT) and 14.4% in CG (LT) (p=0.12). The clinical scores were also comparable between the two groups.
Hinged prothesis were used more frequent in the cone group (ST p<0.001; LT p=0.10), whereas CC type protheses were
used more frequently in the sleeve group (ST p<0.001; LT p<0.11).

Conclusions This meta-analysis takes into account the longest follow-up periods covered to date. Both cones and sleeves
represent a reliable fixation method in the case of severe bone loss in r'TKA, although the higher rate of PJI after cone fixation
remains a source of concern. A metaphyseal fixation of hinged implants should be taken into account.

Level of evidence II (meta-analysis).
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Introduction

Regardless of the reason for revision, implant survival is
reduced after revision total knee arthroplasty (f'TKA) [23].
One reason for this is the challenging fixation of the implant
in the bone stock, which is compromised both in substance
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is because an additional metaphyseal implant anchorage is
superior to a sole diaphyseal fixation [22].

Cones may be regarded as metaphyseally anchored metal-
lic bone grafts, which enable a cementless fixation over their
porous surface. Sleeves also follow the principle of cement-
free metaphyseal anchorage. In contrast to cones, sleeves
are firmly attached to the prosthesis. However, it also bears
the risk of fractures during broaching, which represents the
most common intraoperative complication when sleeves are
used [17, 24, 31].

In numerous individual studies, excellent implant sur-
vival has been shown both for cones and for sleeves after a
medium-term follow-up [6, 9, 12, 17, 21, 23, 33]. The few
studies with long-term follow-up (> 7 years) [1, 3, 6, 13, 15,
25] could not be taken into account in previous meta-anal-
yses [18, 27, 30, 34]. Nevertheless, there is initial evidence
of a drop in survival over long-term follow-up [1].

It is thereby obvious, that the revision reasons differ
depending on timepoint of failure [2, 3]. Revisions within
the first years after implantation of cones or sleeves may
result from failing bony integration or persistence of infec-
tion (in septic revisions). In contrast, late revisions may
result from aseptic loosening of a primarily integrated

implant or new infection. Given a different aetiology of
failure, specific information about the short- and long-term
outcome of cones and sleeves is missing.

Since all published meta-analyses [18, 27, 30, 34] include
studies without differentiation between short- and long-term
survival, there is lack of evidence about differing results of
cones and sleeves depending on length of follow-up.

The objective of the present paper was therefore to con-
duct a current comparative meta-analysis on the survival
and clinical outcome of cones vs. sleeves. Here, in contrast
to previous meta-analyses, short- and long-term (ST vs. LT)
follow-up were to be differentiated.

Methods
Literature search strategy

The literature search was conducted systematically, fol-
lowing the internationally recognised Preferred Reporting
Items for Systematic Reviews and Meta-Analysis (PRISMA)
(Fig. 1). The literature databases PubMed, Ovid Medline,
GoogleScholar and Cochrane Library were used. The
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Fig. 1 PRISMA flow diagram of article selection. PRISMA—Preferred Reporting Items for Systematic Reviews and Meta-Analysis
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following search terms were used in combination: (“total
knee arthroplasty” OR “revision total knee arthroplasty”)
AND (“cones” OR “sleeves”).

Original papers published in English between 2010 and
June 2021 were included after thorough screening of their
relevance with regard to content. All publications with a
follow-up of less than 1 year were excluded.

The data were extracted both from the text and from the
respective tables and figures. For quality assurance, a second
reviewer (M.H.) was consulted in the event of uncertainty
and a cross-check was carried out.

For the evaluation of survival, the following parameters
were selected: number of implant exchanges in total, implant
exchanges due to aseptic loosening and septic reoperations
with and without implant exchange e.g. DAIR (debride-
ment, antibiotics and implant retention) in periprosthetic
joint infections (PJI). Regarding clinical outcome the KSS
(Knee Society Score) and KSFS (Knee Society functional
Score) were assessed.

Revisions were defined as implant exchange, excluding
PE-exchange only. All complications requiring revision but
without prosthesis replacement counted as re-operations.

Descriptive data considered were the mean follow-up of
the studies, the reasons for revision (index indication), the
level of constraint (non-constrained, condylar constrained
(CC) or hinged) as well as the patients’ age and sex.

Statistics

Prevalence represents the ratio of the number of patients
with complications to the total of number of patients in that
study. A pooled prevalence was used as a summary statistic
using a random intercept logistic regression model. Accord-
ingly, prevalence was used to enable a forest plot. The hori-
zontal bars in the plots represent the range of confidence
interval (CI). A 95% CI was used in the analysis. Analysis of
heterogeneity of prevalence across studies was initially done
using a Chi-square test. The degree of heterogeneity was
also quantified using /* values. The I statistic describes the
percentage of variation across studies that is due to hetero-
geneity rather than chance. In this meta-analysis the hetero-
geneity variance tau was estimated based on the maximum
likelihood estimate according to a random effects logistic
regression model. Publication bias was investigated using
Egger’s regression test [10]. Statistical analysis was per-
formed using the statistical software R using the package
meta [4, 32].

@ Springer

Results

The present meta-analysis included 43 publications with
n=3008 rTKA. Of these, 23 publications with 1911 cases
were allocated to the sleeve group (SG) and 20 papers with
1097 cases the cone group (CG). In the subgroup analysis
according to the respective follow-up period, a total of 27
studies resulted for the ST group and a total of 16 studies
were assigned to the LT group. This meta-analysis takes
into account the longest follow-up periods covered to date.
(Table 1).

SG and CG were comparable with regard to age, sex dis-
tribution (male/female) and index indication for revision
(septic/aseptic). (Tables 2 and 3).

With regard to the fixation in groups SG and CG, good
short- and long-term prosthesis survival times were seen for
both devices. No significant difference was found in relation
to prosthesis survival (implant exchange for aseptic loos-
ening, implant exchange for any reason) (Figs. 2 and 3).
In contrast to that, periprosthetic joint infections (PJI) were
twice frequent in the cone group compared to the sleeve
group (Table 3, Fig. 4).

For both devices, significant improvements and good
results were seen in all scores (KSS, KSFS) postoperatively
(Figs. 5 and 6). A significant superiority of one device over
the other could not be demonstrated. Hinged prothesis were
used at a higher volume in the CG than in the SG whereas
CC type protheses were used more frequently in the SG.
(Table 3).

We found publication bias with a bias equal to — 2.86 and
p value <0.01. All papers included were level III (retrospec-
tive cohort studies, case—control studies) and IV (case series)
studies (Table 4).

Discussion

The most important finding of the present study was that no
difference regarding overall prosthesis survival and clini-
cal outcome could be determined neither in short-term nor
in long-term follow-up between fixation using cones com-
pared with sleeves in rTKA. The subgroup analyses for the
endpoints “implant exchange for aseptic loosening” and
“implant exchange for any reason” showed no statistically
significant difference, again regardless of the follow-up
period. This result has to be interpreted taking into account,
that cones were used more frequently with higher con-
strained implants than sleeves. The endpoint “PJI” differed
significantly between the groups presenting a higher infec-
tion rate in the cone group.

Available data are predominantly with short follow-
up. As a result, previous meta-analyses are biased by a
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Table 1 (continued)
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22
63

30

10 20

63.5 33.0 29
73.0 340 22
68.0 30.0 39
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69.9 30.2

30
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56
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Gurel
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50 10 73
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Huang

Klim

Long Sleeve
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93
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12

134 0

0
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28

53 99
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99 99 69.7
47
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47
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2017

Stefani

13

58 98
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47
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47

Long Sleeve

63.0

2017

Watters

19

23 24

39

672 306 8

Sleeve

Long

2019  60.0

Wirries

Table 2 Patient’s demographics were comparable and without signifi-
cant differences between the therapy groups

Follow-up  Therapy @ Age BMI  Male (%) Female (%)
short cone 67.8 315 49.0 51.0
short sleeve 67.1 332 46.0 54.0
long cone 66.8 322 43.8 56.2
long sleeve 702 30.7 442 534

disproportionate evaluation of the short-term follow-up
and therefore overestimation of reasons for early revisions.
These differ between short- and long-term follow-up [2, 3].
Therefore, studies with short- and long-term follow-up were
compared separately in the present meta-analysis.

Bone defects and loss of bone substance are frequently
encountered in revision total knee arthroplasty and present a
challenge to the surgeon, making the implant fixation com-
plicated. However, an optimal implant fixation is essential
for a good functional outcome and survival of the prosthesis.
Within the context of rTKA implantations, the epiphysis is
almost always damaged and cannot be used as the sole fixa-
tion zone. In contrast, the metaphysis is usually sufficiently
retained and can be used to anchor the implant [12, 22].
Cones and sleeves are two options available for metaphyseal
anchorage.

In knee revision arthroplasty, semi-constrained or hinge
prostheses are usually used based on the state of ligaments.
Numerous studies have shown that the level of constraint
influences the survival time and clinical outcome of the pros-
thesis. Pure hinge knee prostheses and type 3 bone defects
are associated with higher numbers of aseptic loosening and
worse clinical outcome [1, 7, 26]. A metaphyseal implant
fixation seems to reduce that effect because, despite the sig-
nificant higher volume of hinged prothesis in the CG, our
study shows comparable rates of aseptic loosening between
SG and CG. Based on these findings, a metaphyseal fixation
of hinged implants should therefore be considered.

Regarding the clinical outcome both devices demon-
strated postoperatively significant improvements and good
results in all scores (KSS, KSFS) without a significant supe-
riority of one device over the other.

In addition to the aforementioned fixation with cones or
sleeves, numerous other factors can influence the subsequent
outcome. Levent et al. [20] demonstrated smoking, a large
femoral canal anteroposterior diameter and right-sided TKA
as significant risk factors for aseptic loosening in TKA. Jas-
per et al. [16] and Klasan et al. [19] showed younger age,
higher knee joint activity and male gender as significant risk
factors for repeat revision procedures.

Moreover, both tibial and femoral component can get
loose, so that the endpoint loosening is influenced by both
components’ fixation. Implant geometry, implantation errors
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Table 3 The results illustrating the indication for index revision using cone or sleeve, the degree of implant constraint, the rates of implant
exchange for any reason, aseptic loosening, and the rates for operative intervention resulting from PJI

short term follow-up (< 5 years) Cones Sleeves p value
Aseptic index RTKA 61.2 (27.8-86.5) 80.8 (66.4-90.0) 0.23
Septic index RTKA 38.9 (13.5-72.2) 19.2 (10.0-33.6) 0.23
Hinged implant 68.2 (20.8-94.6) 1.8 (0.4-7.9) < 0.001
CC implant 20.1 (5.5-52.1) 93.9 (77.0-98.6) < 0.001
Unconstraint implant 2.0 (0.3-12.2) 0.3 (0.01-9.7) 0.37
Implant exchange for any reason 6.1 (3.9-9.3) 4.5 (2.8-7.1) 0.35
Implant exchange for aseptic loosening 4.3 (2.8-6.3) 2.8 (1.8-4.2) 0.16
PJI (with or without implant exchange) 7.0 (4.8-10.0) 34 (2.1-5.4) 0.02
Long-term follow-up (> 5 years) Cones Sleeves p value
Aseptic index RTKA 63.9 (39.4-82.8) 60.0 (32.7-82.2) 0.83
Septic index RTKA 36.1 (17.2-60.6) 40.0 (17.8-67.3) 0.83
Hinged implant 64.0 (9.9-96.6) 2.0 (0.02-65.1) 0.10
CC implant 27.7 (5.4-72.1) 89.6 (23.7-99.6) 0.11
Unconstraint implant 1.6 (0.1-31.8) 0.2 (0.2-0.2) 0.23
Implant exchange for any reason 14.4 (5.9-31.0) 5.5(2.2-12.7) 0.12
Implant exchange for aseptic loosening 4.1(0.8-19.7) 0.4 (0.1-3.0) 0.09
PJI (with or without implant exchange) 11.7 (8.2-16.3) 4.9 (2.6-9.1) 0.02

Numbers are given in percent with 95% confidence interval in brackets and p value for subgroup differences

or compromises (rotation, anterior overstuffing, reduction of
posterior offset, mediolateral overhang) are more frequent
on the femoral than on the tibial side. Therefore, it is to be
expected that the femoral component influences the clinical
outcome more than the tibial component.

The higher rate of PJI in the CG compared to the SG
remains a source of concern and needs further investigation.
This cannot be explained by an inclusion bias because the
number of septic index operations did not differ between
the groups. Apart from generally known reasons for higher
rates of postoperative infections that were not systematically
assessed by most studies (e.g. smoking, diabetes, malnutri-
tion, obesity, ASA classification), a possible explanation for
higher numbers of PJI can be found in the different material
properties of cones and sleeves. Sleeves have a dense surface
that is structured by surface finish or coating. In contrast, the
structure of cones is formed by interconnecting pores, result-
ing in a large total surface area. Given a relation between
foreign material surface area and the risk of late infection
this may explain the trend toward more PJI-related revisions
in the cone group.

The meta-analyses already published on the clinical and
radiological outcome of cones and sleeves have failed to
show any statistically significant superiority of one anchor-
age method over the other. However, they do show a good
clinical and radiological outcome for both devices in short-
and medium-term follow-up. [18, 27, 30, 34]

There are some limitations to our study. One is the het-
erogeneous data pool, as not all the papers included in
the meta-analysis stated means and standard deviations.
The considerable heterogeneity of the data may addition-
ally result from the fact, that revision operations per se
are heterogenous (e.g. indication, bone defect, soft tis-
sue situation, number of previous operations). Another
limitation is the number of patients. It is a decimal power
smaller than in studies dealing with primary TKA, so that
few outliers have a higher impact on the given standard
deviations. This meta-analysis is further limited by a sig-
nificant publication bias that could not be eliminated by
additional literature data after a second search. Only in
very few cases, the bone defects were classified consist-
ently, which means that an indication bias cannot be ruled
out. In addition, the surgical technique, implant anchorage
(with regard to cementation and/or additional stem anchor-
age), level of constraint of the implanted prostheses and
the definition of complications, re-operations and revisions
are not uniform.

According to present knowledge, cones and sleeves
have not been directly checked against each other in a ran-
domised controlled trial yet. All results and conclusions of
the present meta-analysis must be considered with respect
to the quality of the individual studies.

@ Springer
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Fig.2 Forest plot illustrating
the rates for implant exchange
for any reason for cone fixation
vs. sleeve fixation with short-
term (A) and long-term follow-

up (B)
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Fig.3 Forest plot illustrating
revision rates for aseptic loosen-
ing for cone fixation vs. sleeve
fixation with short-term (A) and
long-term follow-up (B)
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Fig.4 Forest plot illustrating
revision for PJI with or without
implant exchange for cone
fixation vs. sleeve fixation with
short-term (A) and long-term
follow-up (B)
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Fig. 5 Forest plot illustrating clinical outcome with KSS values in sleeve vs. cone fixation with short-term (A) and long-term follow-up (B)
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Fig. 6 Forest plot illustrating clinical outcome with KSFS values in sleeve vs. cone fixation with short-term (A) and long-term follow-up (B)
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Table 4 (continued)

&

Overall
assessed
quality

Adjustment for
potential con-
founders

outcomes con-

Clear definition All important
sidered

of interventions

High loss to Measurements:
valid

FU (>20%) equal, reliable,

of comparable

Maintenance
groups

comparable
groups

Year Therapy FU (months) Assembly of

Author

Springer

Yes Yes No Fair

Yes

No No

63.6 No

2020 Sleeve

Klim

Fair

No

No scores

No No Yes Yes
Yes

No

75.6

2018 Sleeve
2020 Sleeve

Klim
Lai

Fair

No

Yes

Yes

No

No

No

24.0

Yes Yes No Fair

Yes

No No

No

71.5

2016 Sleeve

Martin-Hernan-

dez

Fair

No

No scores

Yes

Yes

Yes

No No

2021 Sleeve 91.0 No
2017 Sleeve

2017 Sleeve
2019 Sleeve

Panesar

Fair

No

Yes

Yes

No No

No

37.0
6

Stefani

Yes Yes No Fair

Yes

No No

No

3.0

Watters

Yes Yes No Fair

Yes

No Yes

No

60.0

Wirries

Conclusion

In conclusion, both cones and sleeves represent a reli-
able fixation method for revision knee arthroplasty in the
case of severe bone loss. Based on our results, we recom-
mend taking an additional metaphyseal fixation of hinged
implants into account. While there is no apparent superi-
ority of one method over the other regarding the overall
survival and clinical outcome, the higher rate of PJI after
cone fixation remains a source of concern.
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