
eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk

Universities of Leeds, Sheffield and York

Deposited via The University of Sheffield.

White Rose Research Online URL for this paper:
https://eprints.whiterose.ac.uk/id/eprint/215749/

Version: Published Version

Article:

Hampton, M., Balachandar, V., Charalambous, C.P. et al. (2023) Cementing techniques In 
knee surgery (CeTIKS): a UK expert consensus study. Bone & Joint Open, 4 (9). pp. 682-
688. ISSN: 2633-1462 

https://doi.org/10.1302/2633-1462.49.bjo-2023-0032.r1

Reuse 

This article is distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs 
(CC BY-NC-ND) licence. This licence only allows you to download this work and share it with others as long 
as you credit the authors, but you can’t change the article in any way or use it commercially. More 
information and the full terms of the licence here: https://creativecommons.org/licenses/ 

Takedown 

If you consider content in White Rose Research Online to be in breach of UK law, please notify us by 
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request. 

mailto:eprints@whiterose.ac.uk
https://doi.org/10.1302/2633-1462.49.bjo-2023-0032.r1
https://eprints.whiterose.ac.uk/id/eprint/215749/
https://eprints.whiterose.ac.uk/


VOL. 4, NO. 9, SEPTEMBER 2023 682

Freely available online
Follow us @BoneJointOpen

BJO

M. Hampton,
V. Balachandar,
C. P. Charalambous,
P. M. Sutton,
The CeTIKS study 
group

From Sheffield 

Teaching Hospitals 

NHS Foundation Trust, 

Sheffield, UK

Correspondence should be sent to

Charalambos P Charalambous; 

email:  

cpcharalambous@uclan.ac.uk

doi: 10.1302/2633-1462.49.BJO-

2023-0032.R1

Bone Jt Open 2023;4-9:682–688.

 � KNEE

Cementing Techniques In Knee 
Surgery (CeTIKS)

A UK EXPERT CONSENSUS STUDY

Aims
Aseptic loosening is the most common cause of failure following cemented total knee arthro-

plasty (TKA), and has been linked to poor cementation technique. We aimed to develop a 

consensus on the optimal technique for component cementation in TKA.

Methods
A UK- based, three- round, online modified Delphi Expert Consensus Study was completed 

focusing on cementation technique in TKA. Experts were identified as having a minimum of 

five years’ consultant experience in the NHS and fulfilling any one of the following criteria: a 

‘high volume’ knee arthroplasty practice (> 150 TKAs per annum) as identified from the Na-

tional joint Registry of England, Wales, Northern Ireland and the Isle of Man; a senior author 

of at least five peer reviewed articles related to TKA in the previous five years; a surgeon who 

is named trainer for a post- certificate of comletion of training fellowship in TKA.

Results
In total, 81 experts (round 1) and 80 experts (round 2 and 3) completed the Delphi Study. 

Four domains with a total of 24 statements were identified. 100% consensus was reached 

within the cement preparation, pressurization, and cement curing domains. 90% consensus 

was reached within the cement application domain. Consensus was not reached with only 

one statement regarding the handling of cement during initial application to the tibial and/

or femoral bone surfaces.

Conclusion
The Cementing Techniques In Knee Surgery (CeTIKS) Delphi consensus study presents com-

prehensive recommendations on the optimal technique for component cementing in TKA. 

Expert opinion has a place in the hierarchy of evidence and, until better evidence is available 

these recommendations should be considered when cementing a TKA.

Cite this article: Bone Jt Open 2023;4-9:682–688.

Keywords: Knee arthroplasty, Cementation, Cementing technique, Aseptic loosening

Introduction
Lower limb arthroplasty is a cost- effective 

intervention which significantly improves the 

quality of life for patients with hip and knee 

osteoarthritis.1,2 Total knee arthroplasty (TKA) 

and total hip arthroplasty (THA) are performed 

in almost equal numbers according to the 2022 

19th annual report of the National Joint Registry 

(NJR), which collects data for England, Wales, 

Northern Island, the Isle of Man, and Guernsey.3 

The same report demonstrates that only 30.7% of 

all THAs are fully cemented compared to 95.3% 

of all TKAs.3 Despite the disparity of cementing 

rates between THA and TKA, there remains very 

limited literature or consensus on the optimal 

cementing technique for TKA. In compar-

ison, there are well- recognized and improved 

cementing techniques for THA which have  

evolved over time.4,5

Failure after TKA may be for many different 

reasons.6,7 Early implants commonly failed as 

a result of polyethylene delamination, leading 
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to wear and subsequent osteolysis. Following improve-

ments in polyethylene technology, implant design, and 

surgical techniques, this is now rare and superseded 

by other failure modes.3,8 As other causes of TKA failure 

have been progressively addressed, aseptic loosening has 

become the most common failure mode and indication 

for revision surgery in the UK. This is mirrored in registry 

data from Australia and New Zealand.3,9 A recent data 

analysis from the New Zealand Joint Registry has shown 

the lifetime risk of aseptic loosening to be as high as 

5.9% for females and 6.4% for males under the age of 50 

years.9 Aseptic loosening can present as both early and 

late failures of TKA. Aseptic loosening of the tibial compo-

nent is seen more frequently than femoral loosening, and 

has been linked to poor cementing technique.10- 12

Since the inception of the NJR, there has been a year- 

on- year increase in the number of TKAs performed and 

this trend is predicted to continue.3 Given the number of 

TKAs performed, the morbidity associated with a failing 

TKA, and the healthcare costs associated with revision 

TKA, it is imperative to optimize longevity of this proce-

dure. As poor cementing may be correlated with the risk 

of aseptic loosening, it seems intuitive to ensure optimal 

cementing techniques, but there is a paucity of evidence 

to guide what this may entail. Current UK guidelines 

related to TKA include the 2020 National Institute for 

Health and Care Excellence (NICE) arthroplasty guid-

ance,13 and the best practice for knee arthroplasty surgery 

document.14 While valuable, neither of these documents 

include any guidance on the optimal cementing tech-

nique to be used when performing TKA.

Given the lack of evidence, obtaining a balanced 

perspective from a large cross- section of experienced 

knee arthroplasty surgeons who are actively involved in 

performing, training, and research in TKA is important. 

Such consensus group methodologies are defined as a 

systematic means to assess, develop, and define levels 

of agreement between individuals. In the hierarchy of 

evidence, expert consensus opinion has a place, partic-

ularly in the absence of more robust data. With this back-

ground in mind the aim of our study was to develop 

comprehensive recommendations for Cementing Tech-

nique in Knee Surgery (CeTIKS) using a modified Delphi 

technique with expert knee surgeons across the UK.

Methods
Design of the modified Delphi study. The Delphi tech-

nique is a validated form of consensus methodology used 

in formulating an opinion within a group of experts. A 

three- round, modified Delphi consensus design was 

completed. A systematic literature search was performed 

during the initial phase of the CeTIKS study to identify 

any evidence related to TKA cementing technique. The 

information gathered from the literature search was only 

intended to formulate themes and questions for the for-

mulation of the Delphi consensus. As the current liter-

ature on cementing techniques is limited, the literature 

review was not sent to the experts in order to prevent in-

troducing confounders and leading experts into answers. 

Based on this data, we categorized TKA cementing into 

four key stages: 1) surface preparation; 2) cement appli-

cation; 3) pressurization; and 4) cement curing.

These key stages were considered question domains 

and expanded into 25 statements as part of round 1 of 

the Delphi process.

Inclusion and exclusion criteria. Our criteria for expert in-

clusion were five years or more of national registry data 

as an orthopaedic consultant, and at least one of the fol-

lowing: 150 or more TKAs per year (identified from the 

NJR); five or more peer- reviewed publications in the last 

five years related to knee arthroplasty; and named trainer 

on a post- CCT knee arthroplasty fellowship in the UK.

The number of experts included in Delphi consensus 

studies varies in the literature, however a minimum of 

Fig. 1

Distribution of experts across the UK.

Table I. Expert demographics.

Variable Value

Mean years in practice as consultant knee surgeon (range) 15 (5 to 30)

Mean primary TKAs/year (range) 147 (10 to 500)

Mean revision TKAs/year (range) 19 (0 to 70)

Registrar or fellowship trainer, n (%) 75 (94)

Committee member for a Society, n (%) 25 (31)

TKA, total knee arthroplasty.
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30 experts in each round is required for vigorous anal-

ysis.15 We aimed for wide participation across the UK to 

ensure validity and reliability of the consensus process. 

Following identification, all suitable experts were invited 

by email to contribute to the CeTIKS study. The invita-

tion included an information letter describing the study 

process and what participation involved. Participants 

were asked to confirm their consent to participate as well 

as their name, degree, institution, and email address. 

Individual responses from the experts remained confi-

dential and were blinded to the principal investigators. 

Participation in this study was voluntary, and participants 

were offered no financial incentive or reimbursement. 

The senior authors of the study (CPC, PMS) were not 

included in the study group in order to remain impartial.

Development of Delphi statements. Four domains with 

a total of 25 statements were created. Round 1 focused 

on open- ended questions allowing experts to describe 

their individual cementing techniques. After establishing 

key themes from round 1, round 2 focused on direct and 

closed statements. Finally, round 3 explored in more de-

tail those remaining statements for which expert consen-

sus had not already been achieved. At the end of each 

section, there was a free- text box where experts could 

add suggestions relating to the statements that could 

be evaluated in subsequent rounds. In each subsequent 

round, experts were presented with the percentage con-

sensus from the previous round and a reminder of their 

own previous response.

Delivery of the Delphi survey. The CeTIKS Delphi study 

survey was delivered electronically using an online web- 

based survey platform, Google Forms. The email includ-

ed a covering letter to the experts and an electronic link 

to the survey. Only invited experts had access to the sur-

vey, and experts could only complete each round once.

Invited experts who failed to respond were contacted 

via email with a maximum of three invites at weekly inter-

vals, and were also reminded via email to their secretary. 

Each round lasted for four weeks. All three rounds were 

completed in 2022. Expert responses were blinded prior 

to analysis by the principal investigators.

Data analysis. Analysis of the expert responses for each 

round were undertaken by the principal investigators be-

fore the statements were agreed for subsequent rounds. 

As there is no universal agreement on what defines con-

sensus, we mirrored that of recent literature and used a 

threshold of 70% agreement.16 We defined this as accept-

ing consensus prior to submitting the first survey. This 

threshold was further categorized with the consensus 

criteria used during the second International Consensus 

Table II. Consensus statements on surface preparation.

Statement Round 1, n (%) Round 2, n (%) Round 3, n (%)

I recommend pulsed lavage to clean the prepared bone surfaces prior to cementing 99 99 -

I recommend preparation of a sclerotic tibial surface (drill/jig pin/K- wire/saw/burr/other) 99 100 -

I recommend drying the bone surfaces prior to cementing (suction/swab/intraosseous) 100 100 -

If a tourniquet is used, it should remain inflated while cementing 97 97 98

If wetting surgical gloves prior to handling cement, wet cement surfaces should be dried prior 

to implant insertion - 64 92

I recommend filling the femoral intramedullary jig entry point 73 78 -

K- wire, Kirschner wire.

Table III. Consensus statements on cement application.

Statement Round 1, n (%) Round 2, n (%) Round 3, n (%)

I recommend high- or medium- viscosity cement (but NOT low- viscosity) for routine primary 

knee arthroplasty 88 98 -

I recommend using antibiotic- loaded cement for primary knee arthroplasty 100 100 -

When mixing cement I recommend using a vacuum- assisted device 95 96 -

For routine primary knee arthroplasty I recommend cementing all components with a single 

cement mix (the desired number of cement packs are combined and mixed in one go) 90 90

I recommend applying cement to the tibial bone and tibial implant - - 75

I recommend applying cement to the femoral bone and femoral implant - - 78

Where applicable, I recommend applying cement to the tibial flat surface and keel canal 88 100 -

If blood and/or fat contaminates the cement surface prior to implant insertion I would 

recommend to wash and/or dry then continue with insertion of the implant 96 99 -

Initial application of cement to the tibial bone should be with an instrument (cement gun, 

syringe, spatula, osteotome, etc) and not touched by hand 64 - 65

Initial application of cement to the femoral bone should be with an instrument (cement gun, 

syringe, spatula, osteotome, etc) and not touched by hand 64 - 50
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Meeting on Prosthetic Joint Infection (PJI) at Philadelphia 

in 2018.16

Results
The CeTIKS Delphi consensus study received expert 

representation from across the UK (Figure 1, Table  I). A 

total of 81 experts completed round 1, with 80 experts 

completing the following 2 rounds of the study. One 

expert withdrew from the study after completing the first 

round. 100% consensus was reached within the cement 

preparation, pressurization, and cement curing domains. 

90% consensus was reached within the cement appli-

cation domain. All domains, statements, and results are 

shown in Tables II to V.

There were only two statements where consensus was 

not reached, relating to the initial application of cement 

to the tibial and femoral bone surfaces: ‘Initial application 

of cement to the [tibial/femoral] bone should be with an 

instrument (cement gun, syringe, spatula, osteotome, 

etc.) and not touched by hand’. This specifically relates 

to whether or not cement should be handled at any time-

point prior to impaction of implants, and consensus may 

not have been reached due to the ambiguity of the state-

ment wording.

Discussion
To the best of our knowledge, this is the first national 

consensus agreement on cementing techniques in TKA. 

With this consensus, we are able to provide comprehen-

sive recommendations for each step in the cementing 

process of the tibial and femoral components when 

performing primary cemented TKA.

The NJR reports the prosthesis time incidence rates 

(PTIR) per 1,000 prosthesis years for each indication for 

revision of cemented TKA, which ascertains that the 

most common cause of failure of cemented TKA is now 

aseptic loosening.3 The PTIR for aseptic loosening or lysis 

is 0.96 (95% CI 0.94 to 0.98), which is substantial when 

considering 74,172 cemented TKAs were implanted in 

the UK during 2021.3 Although aseptic loosening may 

be of multifactorial aetiology, poor cementing technique 

has been shown to influence this. Aseptic loosening is 

not only a common cause of late TKA failures, but can 

also be associated with early failure, with evidence that 

up to 11% of revision TKAs performed within one year 

of the index surgery failed by this mode.17 A recent study 

suggested that early TKA loosening occurs at the tibial 

cement implant interface, and that the cementing process 

including choice of cement, application of cement, and 

the cement mantle have been directly linked with these 

early failures.17 It is well documented that the outcome 

of revision TKA is worse than primary TKA, and that revi-

sion TKA is associated with patient morbidity, mortality, 

high healthcare costs, and failure rates.18,19 It is therefore 

essential to strive for implant longevity and prevent early 

failures of primary TKA whenever possible. The authors 

believe that a reproducible and effective cementing tech-

nique is integral to this.

There are almost equal numbers of TKAs and THAs 

performed annually in the UK, and for THA there are well- 

accepted systematic steps for cementing, particularly the 

femoral stems. These described steps include pulsatile 

lavage of the femoral canal, use of epinephrine- soaked 

swabs, vacuum cement mixing, retrograde cement intro-

duction, cement pressurization, and the use of stem 

centralizers.4 In contrast to THA, there has been no widely 

accepted or published recommendations for a systematic 

approach to cementing a TKA, and we believe our study 

should provide a framework for this.

Surface preparation prior to any cementing technique 

is essential to ensure adequate cement penetration within 

the cancellous bone, which has been shown to play an 

important role in reducing micromotion of the implant. 

Consensus was agreed on using pulsed lavage to clear 

Table IV. Consensus statements on pressurization.

Statement Round 1, n (%) Round 2, n (%) Round 3, n (%)

I recommend insertion and impaction of the tibial tray 96 100 -

I recommend insertion and impaction of the femoral component 99 100 -

I recommend pressurizing the tibial component mainly with an impactor 85 98 -

I recommend pressurizing the femoral component mainly with an impactor 90 100 -

I recommend using an actual size insert while the cement cures 99 99 -

Table V. Consensus statements on cement curing.

Statement Round 1, n (%) Round 2, n (%) Round 3, n (%)

While the cement cures, the leg is preferably placed between hyperextension and 30° flexion 

(but NOT hyperextension or deep flexion) 68 72 -

While the cement is curing, it is acceptable to clear cement from the notch and/or wash the 

joint (taking care to avoid movement at the joint) 50 87 -

I recommend waiting until the cement is partly cured or fully cured before closing the joint 88 90 -
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bone debris, blood, and fat; appropriately drying the cut 

bone surfaces prior to cementing; drilling sclerotic bone 

to ensure adequate penetration; and inflating a tourni-

quet prior to cementing (if one is used) to ensure bone 

surfaces are dry.

It was agreed that pulsed lavage is superior to other 

techniques such as irrigation with a syringe. This has also 

been demonstrated in both cadaveric and clinical studies 

which have shown improved cement penetration depth, 

better bone- cement interface strength, and significantly 

better pull- out force when pulsed lavage was used.20–22

Drilling sclerotic bone has been shown to increase 

cement penetration on postoperative radiographs in 

clinical studies as well as improving pull- out strength 

in cadaveric studies,23,24 but as yet, there are no clinical 

studies showing that this improves implant survivorship. 

The heterogenous nature of TKA failure means such a 

study may be difficult or impossible.

Drying the bone surfaces can be achieved using simple 

suction, swabs, or intraosseous negative pressure suction 

catheters. Although some studies have recommended 

use of negative pressure suction, it has yet to be proven 

to be of any clinical benefit.25–27 Whichever technique is 

chosen, it was agreed that it is essential to ensure there 

is no debris, soft- tissue, fat, or blood blocking the cancel-

lous bone surface prior to cement application.

The use of tourniquets in TKA helps provide a blood-

less field which improves intraoperative visualization 

and delivers dry bone surfaces for cement application. 

A recent Cochrane review by Ahmed at al28 concluded 

that the use of a tourniquet in TKA was associated with 

minimal short- term clinical benefits but a significantly 

increased risk of perioperative complications, including 

venous thromboembolism, infection, reoperation, and 

postoperative pain. Despite the evident early benefits 

of not using a tourniquet, there remains concern about 

the long- term effects due to blood contamination of the 

bone- cement interface, leading to poor implant fixation 

and decreased implant survival. The question of whether 

or not to use a tourniquet remains controversial, and this 

study was not designed to address it. However, of those 

experts who used tourniquets, there was a consensus 

that as a minimum it should be inflated for the cementing 

process.

When considering cement application, the following 

consensus was achieved: the cement should be medium- 

or high- viscosity and loaded with antibiotics; it should 

be mixed in a vacuum device; it should be applied to 

both the back side of the tibial/femoral implants as well 

as the surface of both bones; the tibial surface and keel 

should both be cemented; and any blood, water, or fat 

on the surface of the cement should be dried prior to 

implantation.

There was no consensus that the initial application of 

the cement should be performed by hand, instruments, 

or a cement gun. It is of interest that the experts felt low- 

viscosity cement should not be used, as a study by Wyatt 

et al29 suggested that the viscosity of the cement does 

not influence the long- term revision rates in TKA. It was 

felt important to apply cement to both the back side of 

the component and the cut surface of the bone; this is 

supported by evidence.30–32

It has also recently been shown that fat between the 

implant and the bone cement can result in a reduction 

of resistance to pull- out of the tibial tray to near zero.31 

Applying cement to the back of the tibial tray can prevent 

the back side of the tray being contaminated with fat, and 

therefore improve the pull- out strength even if fat was 

to inadvertently contaminate the interface between the 

cement on the back of the prosthesis and the cement on 

the cut bone surface.

Applying cement to the back side of the components 

at the earliest possible stage while the cement is ‘wetter’ 

has been shown to increase strength characteristics 

compared to its application at a later, ‘doughier’ phase.33 

No consensus was reached on how the initial application 

of cement should be carried out, and we note that there is 

little evidence guiding this. However, the use of an instru-

ment may allow easier cement application during the 

‘wet phase’, and use of a cement gun has been shown to 

improve both cement penetration and mantle compared 

to hand packing or spatula application.34,35

When considering the pressurization stage of 

cementing, the following consensus was reached: both 

the tibial and femoral implants should be pressurized 

with impactors; the knee should be held in a fixed posi-

tion while the cement partly or fully cures; and holding 

the hyperextension or deep flexion should be avoided.

Keeping the knee in a fixed position while the cement 

cures following implantation of the components is a 

logical step aiming to minimize micromotion between 

the interfaces. This consensus opinion is supported by 

a recent cadaveric study of four different contemporary 

TKA designs, which showed that knee motion during 

cement polymerization resulted in significant decreases 

in the implant fixation strength.36

The Delphi technique is a well- recognized consensus 

methodology used to formulate an opinion within a 

group of experts. It is often used when there is uncer-

tainty and an absence of higher levels of evidence, but 

we recognize the limitations of this research method and 

our study: first, there is no definition of an expert within 

the literature. To address this, we used inclusion criteria in 

line with other recent Delphi studies and covered a range 

of attributes considered to represent expertise. Likewise, 

there is no rigid definition of consensus within the litera-

ture, but in our study protocol we pre- determined 70% 

agreement in line with previous studies.15,16 Considering 

this ambiguity, and to minimize bias, the threshold was 

further categorized using the consensus criteria used 
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during the second International Consensus Meeting on 

Prosthetic Joint Infection (PJI) in Philadelphia in 2018.

We acknowledge that this study was carried out 

entirely within the UK and with UK surgeons. We recog-

nize that TKA is a common procedure around the world, 

and that this study does not justify recommendations 

for cementing techniques outside the UK. However, we 

believe TKA failure modes are universal, and registry data 

from outside the UK support this. It is therefore important 

that cementing techniques are considered in healthcare 

settings outside the UK; this consensus may provide a 

relevant framework.

Finally, participant dropout has been reported to be 

a difficulty with the Delphi technique,37 however, in our 

study only a single expert did not complete each round, 

and this is unlikely to influence the outcome.

In conclusion, there has been recent justified 

enthusiasm into researching implant design, patient- 

specific instrumentation, and robotics, with the aim of 

improved accuracy, outcomes, and satisfaction levels 

following TKA. However, with all these recent advance-

ments in TKA, it should not be overlooked that a metic-

ulous cementing technique at the time of implantation 

remains fundamental to preventing aseptic loosening, 

and therefore early failure of TKA. This study provides 

the most comprehensive recommendations on 

cementing techniques in TKA from a large group of UK 

experts. We believe these recommendations should be 

considered by surgeons who perform TKA surgery as 

well as best practice documents.

  Take home message
  - Cementing technique has been linked to aseptic loosening 

of total knee arthroplasty (TKA), which leads to both early and 

late failure.

  - This is the first consensus study which provides robust guidance and 
best practice for cementing techniques in TKA.

Twitter
Follow M. Hampton @Hampton_ortho
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