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Accuracy, precision and knee 
replacement: a cautionary tale
JUSTIN COBB

Technological advances and 
increased surgical precision 
should have resulted in 
knee replacements that can 
be ‘forgotten’ by patients, 
but patients continue to be 
dissatisfied by the results 
of their knee replacement 
surgery. In this article the 
author gives his opinion 
on why this might be and 
highlights a new approach 
that he believes could 
revolutionise knee surgery.

Justin Cobb, Consultant Orthopaedic 
Surgeon; Chair, Section of Orthopaedics, 
MSk Lab, Imperial College, London

Surgeons try hard to ensure that every 
operation is performed correctly. To  

use a golfing analogy, they try to hit  
the ball in the middle of the fairway. 
Everyone has heard of patients arriving 
home after hip surgery with one leg  
longer than the other – probably that  
ball is out of bounds if the poor patient  
has to return to theatre. For patients  
who have had knee replacements, there  
is a further problem: as many as one in  
five times, the surgeon says that the 
operation is fine, but the patient does 
not agree – the surgeon achieved his or 
her goal, but it was not what the patient 
wanted at all. Today a new insight is 
developing that may explain this difference 
of opinion – why surgeons all over the 
world have been aiming in the wrong 
direction, performing knee replacement 
precisely as they planned, in what turns 
out to be the wrong orientation altogether.

ROBOTICS AND THREE-DIMENSIONAL 
PRINTING
Robotic technology has been discussed 
in these pages before – most will know 
of the accuracy and precision that this 
technology can bring in keeping the ball on 
the fairway. Readers will have heard of the 
advantages and drawbacks of the Da Vinci 
robot, which enables surgeons to perform 
tasks with a precision that they could not 
achieve manually: the manual dexterity 
of the surgeon can be scaled down by 
an order of magnitude, allowing tiny 
sutures to be placed precisely by miniature 

Figure 1. Replacement knee joints are increasing sophisticated, but 
patient satisfaction remains surprisingly low after the operation in 
many cases (© Zephyr/Science Photo Library)
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hands, where the hands of even the most 
delicately proportioned surgeon would be 
unable to reach.

An entirely different sort of robot can be 
deployed in orthopaedic surgery, helping 
surgeons perform knee replacement on 
hard bones, achieving exactly what was 
planned every time, with robotic levels of 
precision. This technology is exciting but 
expensive, costing around £800 000 for the 
machinery alone.

Three-dimensional (3D) printing is another 
technology that has the potential to 
revolutionise joint replacement. It is now 
easy to print a model of the sore joint and 
fixtures that fit exactly onto the surface, 
helping the surgeon ensure that the bones 
are prepared exactly as planned.

These two technologies, robotics and 3D 
printing, are now competing with the 
regular ‘jigs and fixtures’ approach to 
joint replacement, which is the way that 
surgeons have been trained to perform 
the operation. Using a sequence of metal 
instruments, the surgeon starts from step 
one and performs the skilled procedure 
using alignment rods to check all is well. 

PATIENT DISSATISFACTION AFTER  
KNEE REPLACEMENT
All these systems depend upon a common 
starting point: what is the plan? Recent 
evidence throws up a big question regarding 
the accuracy of the plans surgeons have 
been making: it seems as though the 
surgeons have been improving precision 
but aiming at the wrong target. This insight 
comes from a rather surprising observation. 
No matter how precisely the operation of 
total knee replacement is performed, the 
results are depressingly similar: about one 
in five people feels no better than before the 
operation (which is to say that they still feel 
pretty bad), while the other four are out of 
pain, but few are really delighted.

Why is this? One reason that is just 
beginning to be discussed is that the 

surgeons have all been trained to perform 
the operation incorrectly. Bizarre, but true. 
In just the same way as Bush and Blair 
blundered into Iraq, surgeons love charging, 
but occasionally do not stop to ask which 
country they should be invading and why. 
Leaders of large countries really should 
have been better taught, and so should 
knee surgeons. The big assumption made 
by the knee surgery establishment back in 
the 1980s was that legs were meant to be 
straight, and knees were essentially a hinge, 
perpendicular to the floor, halfway down the 
leg. While anatomically inclined investigators 
around the world continued to observe 
that, like every other primate, our knees are 
not robotic hinges, parallel to the floor, this 
observation was lost on the joint replacement 
industry, who for the past 40 years have been 
developing ever more sophisticated variations 
on a theme of the hinge (Figure 1).

IN SEARCH OF THE ‘FORGOTTON’ KNEE
Knee replacement designs continue to 
evolve, with the aim of producing a joint 
that moves more like a natural knee. Some 
systems have a large range of sizes; others 
have proportions that are meant to more 
closely resemble male and female knees. 

The stability of the joint is another feature 
that demands a great deal of attention: 
some designs are less stable and more 
flexible, while others are more stable but 
may feel a bit less flexible when bending 
down. There are also knees that are made 
to measure, which show some promise, but 
as yet without even medium-term results. 
But all the designs and all the technology 
have not yet reached the holy grail of the 
‘forgotten’ knee in the same way that a hip 
replacement is so often forgotten by the 
patient (as long as the surgeon managed 
to keep the ball on the fairway).

Two fundamental reasons lie behind this, 
both relating to how our knees have 
evolved. The knee does not just work when 
taking weight – its arc of motion when 
unloaded is just as important. It has to 
swing back after toe-off, and then swing 
forwards in front of the body before heel 
strike. This was wonderfully illustrated by 
Eadweard Muybridge, who shot to fame 
at the beginning of the last century with 
his serial photographs of first animals 
and then humans in motion (Figure 2). 
He showed pictorially how far the knee 
swings when unloaded. When swinging off 

Figure 2. In his serial photographs of an athlete running, Eadweard Muybridge showed the full 
action of the knee joint and it is this action that surgeons should be trying to replicate with 
knee replacements (© Eadweard Muybridge Collection/Kingston Museum/Science Photo Library)
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the ground, the knee is guided by the largest 
ligament in the human body, the anterior 
cruciate ligament. This ligament, often 
ruptured on the sports pitches and snow 
fields of the world, is the major restraint 
keeping the tibia and femur together while 
they swing on their axis, from deep flexion, 
to almost full extension at heel strike. This 
ligament is routinely excised in total knee 
replacement, allowing the knee, paradoxically, 
to slide forwards instead of rotating around 
its axis, so the knee swings through a smaller 
arc and slowly stiffens a little.

KINEMATIC ALIGNMENT
The other major insight into how the knee 
bends and straightens is more related to 
our human shape. Several investigators 
around the world have shown how the 
shape of the human knee is not a hinge, 
parallel to the floor, but instead rather 
offset, and at a slight angle, sloping 
inwards, so that we keep our balance, 
heading back towards the midline with 
every step. This insight has come from the 
careful measuring of the shapes of knees.

Researchers at Ghent University measured 
500 knees of healthy volunteers, their 
measurements revealing that the angle of the 
knee joint in normal people is not parallel to 
the floor, but slopes inwards by three degrees 
or so. This observation has been supported 
by several reports showing counterintuitively 

that knees which were not replaced ‘correctly’ 
with the axis parallel to the ground actually 
worked rather better than knees that were 
replaced precisely as planned, perpendicular 
to the mechanical axis of the knee.

The Californian surgeon, Stephen Howell, 
captured this insight, suggesting that instead 
of performing the surgery in the prescribed 
parallel/perpendicular way, we should instead 
use the patient’s own axis to determine 
the joint line. He called this ‘kinematic’ 
alignment, and developed a technology that 
enabled surgeons to perform this technique 
reliably using patient-matched instruments. 
This approach should have transformed 
knee surgery across the world, improving 
outcomes for the million people who have a 
knee replacement every year.

However, in a series of decisions that will 
embarrass them for years to come, the 
technology has been supressed by the FDA 
and is now illegal in the USA – perhaps 
not surprising given they asked advice 
from the kings of knee surgery who had 
been cutting out knees and putting in 
replacements parallel to the ground for 

decades. Approving of this insight would 
mean admitting that they may have been 
wrong. The total knee-ologists could not 
accept that there was another, better, more 
conservative way to perform surgery. So 
kinematic alignment was squashed, to the 
certain loss of very many patients.
There is light at the end of the tunnel, 
however. At the recent International 
Society of Arthroscopy, Knee Surgery and 
Orthopaedic Sports Medicine (ISAKOS) 
conference in Lyon, France, kinematic 
alignment was the theme of several 
sessions, with the general consensus  
that this wrong may be righted with  
an anatomic approach that would  
deliver the same outcome but using 
different words.

Essential questions patients might ask the 
surgeon before knee surgery are:
•  How is your plan going to restore my 

own anatomic knee axis accurately?
•  What technology will be employed to 

ensure the plan is achieved precisely?

Everyone wants their knee surgery  
to be performed precisely, but it  
had better be precisely right, not  
precisely wrong. Bizarrely, this is how  
total knee replacements have been  
inserted for years.
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‘ All the designs and all the 
technology have not yet 
reached the holy grail of 
the ‘forgotten’ knee’


