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Many aspects of total knee arthroplasty have changed since its inception. Modern 
prosthetic design, better fixation techniques, improved polyethylene wear characteristics 
and rehabilitation, have all contributed to a large change in revision rates. Arthroplasty 
patients now expect longevity of their prostheses and demand functional improvement to 
match. This has led to a re-examination of the long-held belief that mechanical alignment is 
instrumental to a successful outcome and a focus on restoring healthy joint kinematics. A 
combination of kinematic restoration and uncemented, adaptable fixation may hold the key 
to future advances.
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The pioneers of total knee arthroplasty (TKA)
faced very different challenges to those of
modern-day surgeons. The early failures in
linked, hinge-like prostheses gave rise to total
condylar, unlinked designs1,2 and knee arthro-
plasty was reserved for highly disabled patients
with extensive joint damage and large resultant
deformities. Surgeons and implant designers
were left with the significant problem of how
to relieve pain and restore function, and in
doing so offer a solution with longevity. Initial
results, although a great improvement on pre-
vious treatments, do not compare with their
modern counterparts. Alongside good func-
tional results and pain relief, both Freeman
and Insall reported high rates of re-operation
and revision highlighting the complexity of the
surgical technique of TKA.3,4 In his 1983
report of the five- to nine-year outcomes of his
total condylar prosthesis, Insall concluded
“The majority of failures in our series were
attributed to errors in surgical technique”.5

Efforts to avoid these were, in particular,
focused on achieving neutral mechanical align-
ment with the tibial tray at 90° to the limb’s
mechanical axis.

Modern prosthetic design, better fixation
techniques, improved polyethylene wear char-
acteristics and rehabilitation have all contrib-
uted to a factorial change in rates of revision.
Arthroplasty patients now expect not only lon-
gevity of their prostheses but also equally high
functional performance. This has led to re-
evaluation of the belief that mechanical align-
ment is paramount, focusing instead on the
restoration of healthy joint kinematics.

Mechanical alignment – the key to 
longevity?
The mechanical axis of the femur corre-
sponds to a line drawn from the centre of the
femoral head to the mid-point of the distal
femoral condyles and that of the tibia from
the mid-point of the tibial condyles to the
centre of the ankle joint. In the absence of tib-
ial deformity, this mechanical axis is coinci-
dent with the anatomical axis (Fig. 1). Neutral
mechanical alignment refers to implantation of
the components of a TKA in such a way as to
align femoral and tibial mechanical axes (Fig. 1). 

The normal tibia is in 2° to 3° of varus in
the frontal plane, and the distal femur 7° to 9°
of valgus. Thus, in the normal knee, the joint
line is oblique.

While a neutral mechanical alignment is
not anatomic, biomechanical data suggest it is
favourable in terms of the longevity of com-
ponents. The effects of malalignment of the
tibial tray on bone6,7 and polyethylene8,9 have
been examined. The patient-specific finite ele-
ment analysis performed by Perillo-
Marconeet et al,6 which adjusted for relative
bone density, showed that varus and valgus
angulation of the tibial tray resulted in
increased loading of the medial and lateral
tibial condyles, respectively. In their series,
higher bone density was found in the medial
tibial condyle and so greater risk was occa-
sioned by valgus positioning of the tray,
resulting in increased loading of the relatively
weaker lateral tibia.

Wong et al7 demonstrated strain in the
medial tibia beyond fatigue threshold by
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loading it with a component malaligned in varus. This
raises the possibility of fatigue failure being another inde-
pendent mode of failure of TKA.

Liau et al8 and D’Lima et al9 found that the stress within
the polyethylene component of a TKA varied by design and
position, with the highest stresses seen in malpositioned,
highly-conforming flat-on-flat designs. They highlighted
the importance of both prosthetic design and positioning
on resultant stresses, with D’Lima et al9 also noting condy-
lar lift-off as a risk factor for increased stress.

All of these studies contribute to the concept that factors
predicting longevity are not limited to the coronal align-
ment of the implants, but include bone quality and implant
design, conformity and positioning. 

Kinematic alignment – a solution to functional 
limitation following TKA?
One strategy to combat the functional limitations of a pros-
thetic knee has been to restore knee kinematics by aligning
the prosthetic joint with the axes of rotation of the healthy
knee.

Howell et al10 described the use of custom cutting guides
to restore knee alignment, resulting in 75% of patients
undergoing implantation of the tibial component in greater
than 3° of varus. Despite this, no catastrophic failures were
seen at a mean follow-up of 38 months (31 to 43). Similar
results were seen in Dossett et al’s11 randomised controlled

trial of kinematically versus mechanically aligned TKAs
with two year follow-up. The authors aimed to achieve the
same mechanical alignment in both groups but the kine-
matically aligned group had an oblique joint line in 2.5° of
varus, whereas the mechanically aligned group had a neu-
tral one. The authors found better functional results and
pain relief in the kinematic group; while 38 months only
offers short-term follow-up, the absence of early failures is
reassuring.

The target parameters in kinematic knee arthroplasty are
derived from biomechanical investigation of the native
knee, which has focused on identifying the location of its
flexion-extension axis (FEA). A number of authors have
suggested that this is coincident with the transepicondylar
axis (TEA), a line joining the origins of the medial and lat-
eral collateral ligaments.12-15 In the axial plane this has
been shown to hold true15 but Eckhoff et al have demon-
strated that these axes are significantly different in coronal
and sagittal location, with the FEA lying posterior and
internally rotated in relation to the TEA (Fig. 2).16,17

Kinematic knee alignment seeks to align the prosthetic
joint with the FEA, differing from conventional TKA
mainly by relative internal rotation of the femoral compo-
nent as a result of symmetrical posterior femoral resections,
and varus positioning of the tibial component. This results
in greater physiological laxity of the lateral collateral liga-
ment, increased joint line obliquity and also allows the knee
to flex about its pre-existing axis within an already bal-
anced soft-tissue envelope.

Concern exists over a widespread adoption of this
approach. Although the aforementioned studies have dem-
onstrated some encouraging results, these are yet to be rep-
licated more widely. It also remains to be seen whether this
alignment can be achieved with standard instrumenta-
tion.18 Internal rotation of the femoral component may also
result in patellofemoral maltracking, particularly in com-
ponents with a narrow trochlea. 

Although it has been demonstrated that an increased risk
of loosening exists when implanting the tibial component in

Radiograph showing the femoral mechanical
axis (blue line), tibial mechanical axis (red
line) and mechanical alignment (green line).

Fig. 1

A sawbone model of the distal femur illustrat-
ing the relationship between the trans-
epicondylar axis (red line) and flexion-exten-
sion axis (blue line) after Eckhoff et al.17

Fig. 2
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varus, Howell et al10 showed that in kinematically-aligned
TKA, varus positioning of the tibia is compensated for by
valgus positioning of the femoral component. 

Should kinematic alignment gain widespread acceptance,
the multi-factorial aetiology of failure in TKA should stimu-
late improvements in implant design and fixation, in order
to accommodate the increased stresses generated by a
kinematically-aligned joint. Biological, uncemented tibial fixa-
tion with the capacity to adapt and remodel may provide long-
lasting fixation in less mechanically favourable conditions.

Uncemented fixation in TKA
Cemented fixation featured in 95% of TKAs submitted to
the National Joint Registry (NJR) for England and Wales in
2014 (Fig. 3).19 While TKA as a whole exhibits good lon-
gevity, the survival in the under 55 age group is substan-
tially less than in the over 80 age group and the choice of
fixation may have some bearing on this.

The direct fixation of implants to host bone offers several
advantages. Biological fixation may have the capacity to
remodel in response to injury or disruption. The avoidance
of cement also confers a theoretical reduction in the volume
of debris introduced to the joint and resultant third body
wear. Long-term stability requires achieving solid primary
fixation and bony ingrowth or on-growth. Uncemented fix-
ation in TKA has not yet seen the same uptake as in total
hip arthroplasty.19 characterised by a very different biome-
chanical environment and the ability to achieve solid pri-
mary fixation with either press-fit, equatorial grip on the
acetabular side or interference fit on the femoral side. By
contrast, knee prostheses are not contained by the bones
they resurface and must therefore achieve primary stability
by a combination of different methods. On the femoral
side, this is achieved through press-fit of the implant to
precisely cut and sized femoral condyles. On the tibial side,

different methods have been employed, ranging from press-
fit interference lugs to screw fixation. With good implant
design and meticulous surgical technique, however, good
results can be achieved with uncemented TKA. Pulido et al20

described similar five-year results for tantalum tibial com-
ponents whether or not they were implanted with cement.
Furthermore, the NJR report of 2014 found that unce-
mented designs have a ten-year survivorship of 92% to
97% depending on the design.19 This echoes Cross and
Parish’s21 ten-year survivorship of 99% in 1000 patients
with hydroxyapatite-oated uncemented components, simi-
lar in turn to Oliver et al’s22 93% survivorship at 11 years.
There exists, however, insufficient data on unconventional
component positioning in uncemented TKA.

The high demands of modern arthroplasty patients dic-
tate that both prostheses and the surgical technique by
which they are implanted must evolve in order to keep pace
with these expectations. Such evolution must address align-
ment and fixation.
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