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Modern cementing techniques: The foundation for 
successful knee replacement surgery

Data from the Scandinavian register 
in particular shows that in comparison 
with total knee arthroplasty (TKR) based 
on cementless fi xation, using cemented 
implants reduces the risk of revision sur-
gery and extends the implant life. Due to 
the superiority of cemented TKR, TKR 
in Scandinavia and in Great Britain, has 
almost exclusively followed the cemented 
approach since the mid-1980s. Data 
from the Swedish knee implant regis-
ter demonstrate a signifi cantly higher 
risk of revision surgery (greater by a fac-
tor of 1.4) in the case of the uncemented 

approach compared with cemented TKR 
(Fig. 1, 95% confi dence interval: 1.1–1.9; 
p = 0.01) (1). The Finnish register also 
shows that the combination of cemented 
TKR with local and systemic antibiotic 
prophylaxis reduces the risk of revision 
surgery (2).

It is widely accepted that a reduced risk 
of revision surgery has a positive impact 
on the life expectancy of the implant in 
TKR. This is indicated not least by the 
results of a number of pre-clinical and 
clinical studies. A meta-analysis of 15 

randomised studies and observational 
studies indicated a longer implant life with 
TKR in the case of cemented fixation 
compared with cementless implant fi xa-
tion (95% confi dence interval: 2.7–6.5, 
p < 0.0001) (3).

Benefi ts of modern cementing techniques

The cementing technique used is a cru-
cial factor in the long-term surgical out-
come. The benefi ts for patients of 
cemented knee-implant fi xation include 
in particular the immediate stability of 
the implant, which supports full weight-
bearing right from the beginning. Bone 
cement compensates for irregularities in 

Cemented fi xation as part of total knee arthroplasty is considered the standard procedure in knee joint replacement. A prerequisite in suc-
cessful treatment is the use of modern cementing techniques, which, amongst other things, improve cement penetration into the bone 
thus increasing primary stability of the implant. By combining the various elements of modern cementing techniques, optimum cement-
ing results and a long implant life can be achieved.
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Fig. 1: Low risk of revision surgery in cemented TKR (1)

Elements of modern cementing 
techniques in knee surgery

 Tourniquet 

 Drilling sclerotic bone surfaces

 Pulse lavage 

  Drying the bone surface prior to 
cementation

 Using a vacuum mixing system

  Two-stage cementation of both 
TKR components

  Pressing the bone cement into the 
spongiosa 

  Removal of all excess residual 
cement
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surrounding structures, fuses the 
implant securely to the bone and dis-
tributes the pressure load (4). The use 
of antibiotic-impregnated bone cement 
also reduces the risk of aseptic or septic 
loosening following TKR by lowering the 
risk of infection, see Fig. 2 (2, 5–7).

As the development of hip arthroplasty 
impressively demonstrates, the results 
of joint replacement can be clearly 
improved using modern cementing 
techniques, in terms of both implant life 
and the risk of revision surgery. This 
must also be consistently implemented 
in knee arthroplasty. The crucial objec-
tive is improved integration of the bone 
and bone cement through suffi cient 
penetration of the cement into the spon-
giosa. 

The elements involved in modern 
cementing techniques are described 
below:

Preparation of bone surfaces

Applying a tourniquet

Many surgeons apply a tourniquet intra-
operatively in order to achieve a blood-
less operating fi eld (8). This simplifi es 
implant placement and facilitates 
improved contact between the bone 
and the cement (9). Even if the tourni-
quet is not used for the entire duration 
of surgery, for example in patients 
where the risk of thromboembolism for-
mation is high, or where postoperative 
pareses or pain are to be avoided 

(10, 11), a tourniquet should be applied 
for the actual cementation process. 
This measure has two objectives: Firstly, 
blood no longer escapes from the spon-
giosa, so that deep penetration of the 
bone cement into the bone is not 
impaired. Secondly, there is no risk of 
cement and blood mixing and thus 
compromising the mechanical proper-
ties of the bone cement.

Drilling sclerotic surfaces

The sclerotic bone surfaces that are 
typical particularly in arthritis of the 
knee may hinder integration of the 
cement and the bone. These surfaces 
must therefore be freshened using the 
drill. In doing so, several bore holes 
should be made that ensure improved 
integration (12). In this respect, the 
depth of the bore holes is less crucial 
than the ratio of the diameter of the drill 
to the depth of the bore hole. Using 
bovine femurs, Amirfeyz et al. were able 
to demonstrate that increased bone 
porosity and greater shear strength (13) 
correlate with one another. Accordingly, 
it was shown that drilling holes in the 
acetabulum prior to cementation 
increases resistance of the bone to tor-
sion (14).

Cleaning and drying the bone bed

Pulse lavage

Cleaning the bone bed using a pulse 
lavage system has become a key aspect 
of modern cementing techniques (15). 
Pulse lavage safely removes blood, 
debris and fat, providing the basis for a 
stable interface between the cement 
and bone (16–19) due to deeper pene-
tration of the cement into the spongi-
osa. This has also been demonstrated 
by data from an experimental study car-
ried out using prepared tibiae, in which 
increased cement penetration was doc-
umented for TKR following pulse lavage 
compared with needle lavage (20). This 

Fig. 2: Reduced risk of revision surgery in TKR through the combination of local and systemic antibiotic prophylaxis (2)
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results in signifi cantly greater stability of 
the cemented components. Further 
investigations confi rm the importance of 
pulse lavage based on radiological crite-
ria. Accordingly, the lucency typical in 
prosthetic loosening was evident in 
22% of patients whose tibial bone bed 
was treated with needle lavage, in com-
parison with just 4% of the patients who 
were treated using pulse lavage (21). In 
this study, the median penetration 
depth of the cement into the bone as 
determined radiologically was 2.6 mm 
compared with 1.5 mm without pulse 
lavage. As was demonstrated in the 
case of the hip, cleaning the bone bed 
using pulse lavage also reduces the risk 
of embolisms and respiratory or cardio-
vascular complications (22) associated 
with cement compression. 

Drying the bone bed

If the bone bed is dry, the bone cement 
penetrates the spongiosa more deeply 
(23). Once pulse lavage has been used 
and the irrigation solution has been 
suctioned off, the bone bed should thus 
also be swabbed dry. Drying the bone 
bed is also considered an established 
element in modern cementing tech-
niques, as indicated by a survey con-
ducted among British orthopaedic spe-
cialists (24). In any case, the bone bed 
should not be cleaned, rinsed or 
swabbed dry until just before using the 
cement (25).

Selecting, preparing and mixing the 
bone cement

The quality of the bone cement as a 
material that transmits force between 
the implant and the bone plays an 
important role in cemented arthroplasty 
(26). Air bubbles can weaken the 
cement or encourage micro-fractures, 
which can then spread. The quality and 
prophylactic effectiveness in the case of 
infection of antibiotic-impregnated bone 

cement can be improved using modern 
cementing techniques (5, 27). This 
includes, for example, the  selection of a 
bone cement with appropriate viscosity, 
the use of suitable antibiotics as well as 
the application of the vacuum mixing 
technique. The objective of these meas-
ures is to further increase the life 
expectancy of the artifi cial joint.

Antibiotics

The use of bone cement with local anti-
biotics reduces the rates of infection 
and revision surgery (28). Data from the 
Scandinavian implant register shows 
that local and systemic antibiotic proph-
ylaxis play a crucial role in extending 
the life expectancy of implants (7). 
While antibiotics are generally added to 
the bone cement in primary arthro-
plasty, revision cements usually contain 
two antibiotics that synergistically com-
plement each other (29). In this 
respect, industrially-produced bone 
cements offer considerable advantages 
in infection prophylaxis, with a highly 
standardised antibiotic mixture. This 
procedure facilitates consistently effec-
tive mechanical properties as well as 
reproducible antibiotic delivery (30). 
Industrially-produced bone cements are 
also distinguished by a high level of 
controlled quality with consistent mate-
rial and processing properties (31–33). 

Mixing cement under vacuum

Mixing cement under vacuum is a relia-
ble method of producing homogenous 
bone cement with an optimum consist-
ency and low porosity without any air 
bubbles (34, 35). In comparison with 
manual mixing in a bowl, the cement 
produced using vacuum mixing offers 
superior mechanical properties, e.g. 
with regard to fatigue strength. The risk 
of cement fracture is lower as a result 
(36–38). Another advantage in the 
case of vacuum mixing is that the 
cement is mixed under standardised 
conditions so that the quality of the 

cement produced is less dependent on 
the person mixing it.

Avoiding rinsing to cool the cement

When performing fi xation in total arthro-
plasty, thermal energy is released dur-
ing polymerisation of the bone cement. 
However, it has been demonstrated that 
despite performing surgery in a blood-
less operating fi eld, which limits the dis-
sipation of heat via the bloodstream, 
there is no thermal damage of the bone 
or formation of heat necrosis as a result 
of the heat generated during polymeri-
sation (39). Reasons discussed for the 
limited generation of heat include the 
thin cement coating as well as the effec-
tive conduction of heat via the implant 
(39, 40). Regarding the artifi cial knee 
joint, some authors nevertheless favour 
using cooled implants during surgery in 
a bloodless operating fi eld, in order to 
reliably avoid tissue damage (41).

Using fl uid to cool the operating fi eld or 
cement is not recommended. There is a 
risk that antibiotics could leach out of 
the cement, thus impairing the prophy-
lactic antibacterial impact of the 
cement.

Cementing the
TKR components

Single-stage or two-stage cementation 
of the components can be performed 
(42). Single-stage cementation, in 
which all components are placed using 
the same cement mixture, is considera-
bly more diffi cult than the two-stage 
approach, and is associated with a 
greater probability of the components 
not being ideally positioned (42). In 
two-stage cementation, the cement is 
mixed following an interval of 2–3 min-
utes. 

During cementation, ensure that the 
bone surfaces are correctly coated so 



Fig. 3: Different cementing techniques in TKR (46)
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that the cement can penetrate the bone 
bed to the required depth (4). The 
patellar and femoral components are 
cemented fi rst. In doing so, the bone 
cement is generally placed on the ante-
rior and distal bone surfaces, as well as 
on the posterior condyles of the femoral 
component (42, 43). The femoral com-
ponent is impacted into position and all 
excess residual bone cement removed. 
The resulting cement coating is approx. 
1 mm thick (42). 

The second batch of cement is then 
used to place the tibial component used 
in TKR. In order to achieve primary sta-
bility, it is suffi cient here to cement the 
bone cut, assuming that a cement pene-
tration depth of at least 3 mm to approx. 
5 mm is ensured (44–46). To achieve 
this, cement is applied to the implant 
and to the bone, and the cement is fi rmly 
pressed manually into the bone (Fig. 3). 
When cementing the proximal tibia  
using a cement gun it is necessary to 
ensure that the bone cement does not 
penetrate into the bone to a depth 
greater than 5  mm (46). Whether the 
implant stem should also be cemented is 
disputed. This would appear to depend 
on the design of the stem, amongst other 
things (4, 47). Generally speaking, 
cementing the stem most probably does 
not increase stability and makes any 
subsequent revision surgery more diffi -
cult (Fig. 4). Cementing the implant stem 
in the tibial medullary cavity is therefore 
not generally required. An experimental 
study using stereotactic analysis even 
concluded that additional cementing of 
the stem is detrimental with regard to the 
primary stability of the implant (48). As 
in cementation of the femoral compo-
nent, any protruding cement particles 
must be removed so that they do not 
penetrate between the joint surfaces and 
cause friction (42).

One complication with regard to cemen-
tation is jamming of residual cement that 
might have been squeezed out in the 
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posterior part of the femoral component 
as a result of strong fl exion. This compli-
cation can be avoided by not applying 
cement to the posterior bone cuts. 
According to a study, the greatest pene-
tration depth is achieved when bone 
cement is applied to the distal and ante-
rior bone cuts as well as the anterior 
diagonal cut of the femoral component, 
and then pressed fi rmly into the spongi-
osa (43).

Conclusion

The elements of modern cementing 
techniques play a crucial role in the suc-
cess of knee arthroplasty. The data cur-
rently available indicate that in the case 
of knee surgery too, modern cementing 
techniques are associated with lower 

Tibial component

Cement thickness
(above the tibial plateau)

Cement penetration
(up to a maximum of 15 mm 
beneath the tibial plateau)

Cemented stem

Fig. 4: Cross-section showing cemented TKR (49)

loosening and revision rates as well as 
with a longer implant life. Moreover, 
cemented TKR allows primary stability to 
be achieved that allows for full weight-
bearing. In addition to intraoperative 
measures, the use of bone cements with 
industrial addition of antibiotics is a cru-
cial factor in successful treatment. These 
cements, particularly when vacuum mix-
ing systems are used, ensure the con-
sistently high standard of quality neces-
sary in order to provide for effective knee 
arthroplasty that benefi ts the patient.
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