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Advancements in research and technology over the past 
decades have accelerated the transition from standardised 
or ‘mean-value’ medicine towards personalised or ‘preci-
sion’ medicine, where medical decisions, treatments and 
products are tailored to each patient depending on their pre-
dicted response and risk factors. The idea of personalized 
treatments can be traced back to Hippocrates, who advised 
that “it is more important to know what sort of person has a 
disease than to know what sort of disease a person has” [26], 
though wider-scale implementation of personalised medicine 
required new diagnostic and informatic approaches, which 
originated in the fields of genomics and bioinformatics.

Personalised medicine is increasingly applied in various 
fields of orthopaedics, notably in total knee arthroplasty 
(TKA) [3, 9], where the proportion of unsatisfied patients 
seems to remain constant despite numerous initiatives to 
enhance surgical techniques and implant designs [17]. The 
popularisation of personalised TKA is propelled by three 
main drivers: (a) the fall of the dogma of mechanical align-
ment [16, 23], (b) a greater appreciation of the variability of 
knee phenotypes [8, 10, 11], and (c) the evolution of diag-
nostic, planning and assistive technologies [13].

Personalised TKA involves the adaptation of specific 
parameters or features, to match the pre-arthritic anatomy 
and/or restore native kinematics, usually using one or more 
tools or means. It is important to distinguish between the 
parameters being personalised (e.g. coronal, sagittal or 

rotational alignment, joint line obliquity, flexion/extension 
gaps, condylar curvature) and the tools used to facilitate 
personalisation (e.g. 3D imaging, preoperative planning 
software, PSI, navigation, robotics). The parameters to be 
personalized and tools for personalization are often conflated 
because the former represent input (dimensions and angles) 
that is necessary to design or adjust the latter (cutting jigs 
and machine programs).

Custom TKA implants represent a combination of both 
personalised parameters and tools for personalisation. This 
parameter-tool duality increases the potential to address 
multiple challenges simultaneously while remaining com-
patible with different personalisation strategies and other 
assistive technologies [25]. Furthermore, custom implants 
offer three features that are rarely attainable when using off-
the-shelf implants, which are not designed to be implanted 
in variable positions:

(1)	 Optimisation of bone-implant fit: the implanted com-
ponents are designed to follow the contours of the 
resected bone surfaces, thus avoiding any prosthetic 
over- or under-coverage, and hence minimizing the 
risks of soft-tissue impingements [1, 2, 15];

(2)	 Decoupling of the patellofemoral compartment from 
the tibiofemoral compartment: the trochlear groove 
can be oriented to optimise patellofemoral kinematics 
independently from the femoral condyles that should 
be aligned to optimise tibiofemoral kinematics, which 
eliminates the need for external rotation of the femoral 
component [14, 19, 22, 24];

(3)	 Restoration of native condylar curvature: the sphericity 
or ‘ovoidicity’ of prosthetic condyles can be adjusted to 
match the unique anatomy of the individual, to main-
tain equal ligament tensions throughout the range of 
knee flexion [6, 27].

The concept of custom knee implants is not entirely 
novel; as early as the 1940s, Smith-Peterson took moulds 
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of the femoral condyles to produce personalised ‘resurfac-
ing implants’ [12]. The industrialised advent of modern 
knee arthroplasty neglected the need for personalisation; 
in the 1970s, Freeman and Insall introduced ‘mechanical 
implants’ requiring planar bone resections [21]. Modern 
knee implants enabled the standardization of surgical tech-
niques and instruments, as well as large-scale industrialisa-
tion of production processes, which in turn allowed surgeons 
and manufacturers to focus on enhancing the biomaterials to 
maximise implant longevity.

The inventors of modern knee arthroplasty emphasized 
that “TKA is a soft-tissue procedure”, as it requires intra-
operative adaptations of the soft tissues to the bone cuts, and 
vice-versa. However, the adjustment of one parameter might 
compromise other parameters, making it difficult to optimise 
all aspects simultaneously (Fig. 1). For instance, rotating the 
femoral component to optimise patellofemoral kinematics 
could compromise tibiofemoral kinematics and/or lead to 
prosthetic over-hang or under-coverage… Likewise, balanc-
ing the flexion gap may require further bone resections and/
or soft-tissue release, which could lead to laxity in extension, 
lower the joint line, and/or compromise patellar height…

Personalisation of TKA reduces the need for intra-oper-
ative adaptations: the better the tools we have for personali-
sation the more we can standardise our surgical techniques 
(Fig.  2). And while total elimination of intra-operative 
adaptations may seem an over-ambitious asymptote, custom 

implants enable a considerable leap towards that goal. The 
‘custom implant paradox’ is that ‘the more we personalise 
TKA implants the less we need intra-operative adaptations 
and the more we standardise the surgical techniques’.

A recent systematic review and meta-analysis [20] con-
cluded that there are no benefits of using custom TKA in 
terms of functional outcomes, but the literature available at 
the time was limited to one implant brand that only enabled 
partial customisation of implants with mechanical align-
ment. Since then, more recent studies on newer custom 
implant brands—that allow full customisation of implants 
with personalised alignment—have demonstrated promising 
outcomes in terms of personalised coronal alignment targets 
[4], correction of extra-articular deformities [5] and patient 
satisfaction rates [7, 18].

With increased access to technology for personalisation, 
it is important to consider TKA as a full process rather than 
a set of implants. The TKA process includes pre-operative 
imaging and planning, supply chain and hospital workflow, 
surgeon training and education, customised instruments and 
implants, as well as standardized surgical techniques and 
traceability. Customising the TKA process simplifies and 
facilitates each step therein.

While custom implants may not be as beneficial to expe-
rienced surgeons, who are ‘accustomed’ to ‘cheating’ by 
adapting cuts and soft tissues to optimise outcomes, they 
could help inexperienced surgeons achieve better outcomes. 
Custom implants alone may not be the ultimate solution to 
eradicate dissatisfaction following TKA, but might be a 
promising complement to a holistic solution, using multiple 
strategies and technologies to improve outcomes.

Data availability  Not applicable.
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Fig. 2   The custom implant paradox: the more we personalise 
implants the more we standardise surgical techniques
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