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Biomechanics of the knee joint are complex and are still not understood properly. 
The aim of the surgical procedure in total knee arthroplasty (TKA) is to achieve 
a stable, well-balanced, and well-aligned knee with good function. The main 
principles that apply to complex knee replacement are similar to those that apply 
to a primary knee replacement. This requires placement of components in accurate 
position and achievement of good soft tissue balance. It is desirable to achieve a 
neutral biomechanical axis, which is an imaginary line passing through the center 
of head of femur, knee, and ankle. The biomechanical axis differs in every patient 
and is not a constant entity. When considering the operative procedure of TKA, 
one has to analyze each of its component, including the femoral mechanical axis, 
tibial mechanical axis, and the soft tissues holding these components together. 
The femoral mechanical axis extends from the center of femoral head to the center 
of knee. It is conventionally taken as 6-degree angle to the anatomical axis, which 
passes through the midline of the femoral shaft. However, this is not true for every 
patient and can differ. A study done at author’s hospital by Sarungi and associates 
on 158 patients, including 174 primary total knees, revealed that the angle could 
range from 2 to 9 degrees and that, in 23.6% cases, the angle was either less than 
5 degrees or more than 7 degrees.1 They used long-leg radiographs to calculate 
both the anatomical and biomechanical axes and compare them. A standard distal 
femoral 5- or 7-degree valgus cut to the anatomical axis used in conventional 
technique of knee replacement surgery may not produce the desired cut of 90 
degrees to the biomechanical axis. Moreover, the position of intramedullary rod 
used in conventional surgery for referencing the distal femoral cut can vary a lot in 
positioning, as the medullary canal is very wide as compared with the diameter of 
the guiding rod on which the jig sits.

Similarly, for femoral rotational cut, many surgeons use 3-degree external 
rotation to dorsal condylar line as their standard conventional measurement for 
deciding the rotation of the femoral component. It has been suggested/proved in 
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Dynamic Nature of Mechanical Axis

The computer-assisted orthopaedic surgery (CAOS) has also 
challenged the traditional concept of static varus or valgus 
deformity of the knee. The femorotibial mechanical axis 
(coronal plane deformity) is not only different in different 
persons but also changes with posture in same person. The 
author conducted a study in normal knees and found that it 
changes from supine non–weight-bearing position to stand-
ing weight-bearing posture.2 On standing, the knee tends to 
go toward varus if original supine posture deformity is up 
to a mean of 2.7-degree valgus and tends to go in valgus if 
supine posture deformity is more than 2.7 degrees. It has a 
tendency to go in a further extension, with weight bearing of 
mean of 5 degrees.2 Hence, the deformity in the knee is not a 
static value but a dynamic entity.

Author coined the term “dynamic mechanical axis” to 
denote the changes that happen with posture and movement 
of the knee.3 In conventional surgery, the soft tissue releases 
are done on the basis of initial deformity in full extension, 
the “static” mechanical axis. For a varus deformity in knee 
extension, a soft tissue release of various structures on 
medial side is done in succession, until the naked eye of 
the surgeon can speculate on correction of the deformity. 
Same holds true for the valgus deformity of the knee, where 
the lateral structures are released to balance the knee. It is 
very difficult to imagine conventionally what effect these 
releases will have on final biomechanics of the knee. The use 
of computer navigation has made us realize that kinematics 
of arthritic knee behave differently in various degrees of 
flexion. The “dynamic” mechanical axis not only changes 
with weight bearing but also changes with flexion of the 
knee as it is moved from extension to flexion.

An assessment of coronal plane deformity of the knee 
through the range of movement has been done and classified 
to assess kinematics.4 This Deep’s classifica tion describes 
four main types (Types 1, 2, 3, and 4) with further eight 
subgroups (1A, 1B, 2A, 2B, 3, 4A, 4B, and 4C) (Table 19.1).

The N type denotes a neutral axis, and the rest of the types 
denote varus or valgus as the starting point in extension, 
and then, the class type denotes how the deformity behaves 
when the knee flexes. Only 15% of knees behave in a true 
varus or valgus, Class 1A fashion. Majority (85%) of the knees 
do not behave in this way.

It has also been observed that the knees may not behave 
in a constant fashion beyond 90 degrees of flexion. One can 
easily see from Table 19.1 that a Class 3 or Class 4C knee 
(15%) is one deformity in extension and opposite deformity 
in flexion, so one will need to be very careful in doing any 
ligamentous release for these deformities. Thus, a medial or 
lateral release for a Class 3 or Class 4C knee may be com- 
pletely unnecessary or even counterproductive. This analysis 
of the kinematics and dynamic mechanical axis becomes 
even more important in the complex knee presentation, 
as naked eye cannot predict these and the chances of 
complications in these knees will be high. In majority of 
primary knees, collateral releases may not be required at all 
to balance the knee.5

Rationale of Using Computer-Assisted 
Orthopaedic Surgery in Total Knee 
Replacement
It gives surgeon the replica of individual patient-specific 
anatomy, based on which one can formulate the plan to make 
the bone cuts and balance the ligaments. Patient-specific 

various biomechanical studies that transepic ondylar axis represents the axis around 
which the knee movements take place. Author conducted a study in his hospital on 
48 knees. The measurements were taken on the relationship of the dorsal condylar 
line and transepicondylar line. The difference in the two rotational planes ranged 
from 10-degree internal rotation to 7-degree external rotation, with a mean of 
–0.75 and standard deviation of 3.7 degrees. In total, 52% knees had a difference of 
more than 3 degrees. These studies prove that it may be impossible to even know 
the desired biomechanical and rotational axes, not to think of achieving it in the 
conventional surgery. With use of computer navigation, one can actually see on 
the computer screen exactly where the cut is made or the implant is placed. Even 
if one achieves the exact cuts, it is very import ant that one achieve the soft tissue 
balance properly for a well-functioning knee. The computer navigation is a major 
help to achieve that. A major advantage of computer-assisted navigation is that 
one can see the exact results while operating and can correct any errors during the 
procedure. It does not restrict the surgeon to a specific instruction but shows what 
the surgeon is doing, thus helping to achieve what he or she is set out to achieve.
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biomechanical axis is created, and the best cuts are suggested 
to achieve the best results.

It helps with the ligamentous balancing. Thus, with 
stress testing, the surgeon is able to balance the knee not 
only in extension but also throughout the range of flexion  
(Fig. 19.1).

Authors measured normal knee laxity and quantified it 
for guiding the surgeon how much to aim for when stress 
testing the laxity during surgery.6 It has been proved in 
various studies that it increases the accuracy of anatomical 
placement as compared with conventional means.7,8,9,10 
This is shown not only in individual studies but also in 

Table 19.1 Deep’s classification of coronal deformity of arthritic/replaced knee (extension to 90-degree flexion)

Main group Class/type Coronal deformity as the knee flexes from extension to 90-degree flexion

Neutral (N) – –

Varus/valgus

1 1A Deformity remains same

1B Deformity increases

2 2A Deformity decreases but does not reach neutral

2B Deformity decreases and reaches neutral

3 3 Deformity becomes opposite deformity (varus becomes valgus, and valgus 
becomes varus)

4 4A Deformity first increases and then decreases but does not reach neutral

4B Deformity first increases and then decreases to reach neutral

4C Deformity first increases and then becomes opposite deformity (varus becomes 
valgus, and valgus becomes varus)

Source: Deep et al.4

Fig. 19.1 Graphic representation of knee biomechanics in coronal plane as it flexes—pre-TKR on left-hand side (class 3 on Deep’s 
classification) and post-TKR (neutral) on right-hand side. (This image is provided courtesy of Deep et al.)4
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meta-analysis.7,9,10 In Mason et al’s meta-analysis,9 which 
included 29 studies, the authors concluded that malalign-
ment of the biomechanical axis by more than 3 degrees 
occurred in 9% of knees when the surgery was done with 
computer navigation as compared with 31% of knees done 
when conventional techniques were used. There has been 
occasional study that did not recognize this benefit.11

It has also been proved in various studies that malaligned 
knees do not function as well as well-aligned knees and fail 
comparatively early.12,13,14 In a study done in the year 1991, 
it was shown that the rate of loosening at a median of 8 
years was 3% in knees that had biomechanical axis within 
3-degree range as compared with 24% for those that fell 
outside this range.14

It is thus hoped that CAOS can prevent early failures and 
potentially lead to better function and increased survival 
of the implants. Now, there are many studies and meta-
analyses to show improved functional outcomes.15,16,17,18,19 In 
the Australian Joint Registry alone, at 11 years post-CAOS 
TKA, the revision rates are lower than the TKA done with 
traditional instrumentation in patients less than 55 years of 
age20 (Fig. 19.2).

Use of CAOS has also been shown to reduce the blood loss 
in some studies.21 This could be explained on the basis of 
use of intramedullary jigs used in conventional surgery, thus 
violating the medullary canal, leading to more bleeding.

It has also been shown to reduce the incidence of cranial 
emboli as compared with conventional methods.22 This may 
be significant in patients with pulmonary compromise and 
when simultaneous bilateral knee arthroplasty is done. It 
has also been shown to produce a gait pattern more like 
a natural knee as compared with conventional surgery.19  
It has been shown to be helpful in training young surgeons 

and can give consistent results in trainees’ hands, which 
compare well with experienced surgeons.23,24

Disadvantages
The weakest link in the chain is surgeon. If the surgeon does 
not register the exact anatomy, the results will not be as 
good. Computer can only tell the surgeon what to do; it is in 
hands of surgeon to achieve that.

In the learning curve period, which is very short (up to 
20 to 30 cases), there is increase in the operative time.25 
However, as the surgeon gets more experienced, it equates 
to conventional surgery. Even during the learning curve, 
accuracy is equivalent to that of experienced surgeons; only 
the time taken is more in those initial 30 cases. The advantage 
of computer navigation here is that it provides constant 
visual feedback, which can potentially reduce the learning 
curve compared with other surgical techniques.26 Compared 
with standard total knee replacement (TKR), navigated TKRs 
have an increased operative time of approximately 10 to 20 
minutes.25

Owing to the use of sophisticated equipment, computer-
navigated surgery adds to the overall cost of surgery.27 
However, this will be offset by the reduction in instrumenta-
tion, in sterilization costs, and in long-term revision burden. 
In the end, it is hoped to prove cost-efficient rather than 
expensive, with increased usage.

There is a potential for tracker attachment site morbidity, 
as one has to make a hole in the bone to attach the trackers 
to the bone. An occasional case of fracture was reported28 
when an 82-year-old lady had a fall. In author’s experience 
of more than 5,000 navigated surgeries, no fractures  
were seen.
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Fig. 19.2 Australian Joint Registry Report 2016 showing increased survival in patients less than 55 years of age.
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In routine use, the navigated surgery works well. It is a 
teamwork, and your assistant’s familiarity to technique 
will be helpful to finish the surgery quickly, with no 
complications.

Operative Technique
Here, the author describes the technique used in an image-
less registration method, which is most commonly used 
technique. Authors shall only describe here the steps that 
are important from navigation point of view. One must know 
how to do a conventional knee replacement arthroplasty. It 
involves various stages, as in the conventional surgery.

System Setup

Patient and part preparation is done as in conventional 
surgery. The limb is prepared from upper thigh to foot and 
left in clear view. It is important that one can access the 
ankle and foot for proper registration of anatomy. The knee 
joint is exposed as usual.

Patient data and side are fed into the system. The trackers 
and instruments are registered and calibrated if needed by 
the system. The trackers are attached to tibia and femur with 
various means, depending on the computer system that one 
is using (Fig. 19.3).

The camera is adjusted so that it can look at both the 
trackers and is at a proper distance to be out of surgical field 
and give accurate readings. Normally, the computer screen 
will indicate if the camera cannot see any of the trackers 
properly. The registration process may seem lengthy while 
reading, but in practice, it takes only 3 to 5 minutes when 
you know the steps.

Registration of Biomechanical Axis

The hip center is then calculated by taking the leg through 
multiple circular movements, which pivot on the center of 
motion of the hip joint. Some systems use other methods 
such as only one circle of 10 to 15 degrees of arc, which not 
only calculates the hip center but also gives the plane for 
distal femoral cut (Fig. 19.4).

Once the hip center is taken, the distal femoral center is 
marked by a pointer. The calculation of knee center can differ 
with different systems, and automatic calculation of the 
center can be done by the computer as with the hip center. 
The knee is put through the external and internal rotations 
and flexion–extension, helping the computer to calculate the 
center of the knee. Center of tibia is then registered with a 
pointer. The ankle center is then calculated by registration 
of medial and lateral malleoli and marking the center on the 
anterior part with pointer in line with second metatarsal. 
In some systems, it can also be calculated automatically by 
attaching a tracker with rubber strap to the foot and taking 
the ankle through motion of dorsiflexion and plantar flexion. 
This completes the information for the computer to calculate 
the biomechanical axis for that patient (Fig. 19.5).

Fig. 19.3 The tracker attached to femur and tibia. Fig. 19.5 The mechanical axis in coronal and sagittal 
alignments.

Fig. 19.4 The hip center being registered in the computer.
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Distal Femoral Anatomy Registration

Registration of the distal femoral anatomy is then done by 
various methods used in different systems, either using 
single point registration or using surface painting. The 
distal femoral condyles are marked. Some systems also use 
posterior femoral condyle registration specially to calculate 
the size of the component required. Anterior femoral cortex 
is then marked. One should be careful to include the most 
anterior part of the femoral cortex, especially on the lateral 
aspect, to avoid notching. The femoral rotation is then 
registered using anteroposterior (AP) axis (Whiteside’s line) 
and/or transepicondylar axis. The importance of accurate 
registration of this point cannot be overemphasized, as 
the femoral component rotation depends on this. Author 
explored a method of palpating the epicondyles in 100 
consecutive patients undergoing TKR. It was not possible 
to feel the clear prominence of the medial and lateral 
epicondyles by routine palpation through normal exposure 
in 92 cases by the surgeon (author) and his assistant. By using 
a small exposure trick, it was possible in all the 99 cases to 
feel the prominent epicondyles clearly by both the surgeon 
and his assistant. The method has since been confirmed by 
other surgeons. This involves using a scissor with closed tips 
and pushing it through the synovium in medial and lateral 
gutters at the level of epicondyles. Now, open the limbs of 
scissor and withdraw it with the open limbs. This creates a 
space in the synovium through which the surgeon’s finger 
and pointer can go posterior to the synovial fold and one 
can feel the epicondyles very clearly (Fig. 19.6 and Fig. 19.7).

Proximal Tibial Anatomy Registration

Then, the anatomy of the proximal tibia is registered. The 
deepest points of the tibial plateaus are registered by either 
a single point method or surface painting. The AP axis of 
the tibia is also registered in some systems, keeping the 
registration pointer in line with the junction of medial third 

of tibial tuberosity, although its validity is disputed as in 
conventional surgery.

The sequence of the registrations described earlier may 
be different in different navigation systems and software, 
but basic principles remain the same.

Femoral Cuts

The surgeon is now ready to make the bone cuts. The distal 
femoral cut is normally guided by the computer at 90 degrees 
to biomechanical axis, independent of where the anatomical 
axis is. It also shows that the thickness/depth of the cut is 
being made in comparison to the registered medial and 
lateral femoral condyles. Any deviation from the mechanical 
axis in coronal plane is shown on the screen. The jig that 
has the attached tracker is fixed in correct orientation to the 
femur, and the cut is made (Fig. 19.8).

Fig. 19.6 The lateral gutter small incision to pass finger and 
palpate the epicondyle.

Fig. 19.8 The distal femoral cut orientation in coronal and 
sagittal planes, as well as the depth of the cut on medial and 
lateral sides.

Fig. 19.7 Using the computer navigation pointer to palpate 
and register the lateral epicondyle.
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The frontal femoral cut is oriented according to surgeon’s 
preference. Some surgeons use transepicondylar line as 
their reference for femoral rotation, whereas others use 
Whiteside’s line as the reference (Fig. 19.9). The use of 
3-degree external rotation to dorsal condylar axis is used by 
many at present, but it should be discouraged, as it can vary 
considerably.

Author uses transepicondylar axis as his reference for 
femoral rotation.

The size of the femoral component can be suggested by 
the computer in most of the systems now, but final decision 
lies with the surgeon, who must make sure of the correct size 
before making any cuts, as adjustments can be done at this 
stage. The size can also be confirmed with conventional jigs. 
One should make sure that there is no potential for notching 
the anterior cortex. It is suggested for the beginners to use 
the angel wing or similar tool to identify any notching before 
making the cut. It is also useful if registration of the anatomy 
is doubtful. The potential for any notching is also shown by 
the computer. The orientation in sagittal plane can also be 
seen. The cutting jig attached with the tracker is fixed to the 
femur in an appropriate orientation, and the remaining cuts 
for femur are made.

The osteophytes are excised. Posterior condylar clearance 
is done. If the surgeon is using posterior cruciate–sacrificing 
or—stabilizing implant, appropriate cut is made using  
the jigs.

Tibial Cut

The tibial jig attached with the tracker is fixed to the tibia 
in correct orientation. Some software allow for tibial cut 

first, before femoral cut, especially if using gap-balancing 
technique. The computer shows orientation of the sagittal 
and coronal planes. Although it can also show orientation 
of the axial plane, this is ignored at present, as the desired 
standard landmark of rotational alignment of tibia is not 
known. The computer also shows the depth of the tibial cut 
in relation to registered medial and lateral tibial plateau. 
Once the desired position is achieved, the tibial cut is made. 
Osteophytes are excised.

Component Implantation

Once the cuts are made and excessive tissues (menisci) 
and osteophytes are cleared, the trial femoral and tibial 
components are put on prepared ends and appropriate-
thickness tibial insert is used. The knee is put through range 
of motion and range of movement, and any deformities in 
coronal plane, patellar tracking, stability, and ligamentous 
balance are noted. If there is need of ligamentous release 
to correct the varus or valgus deformity, it is done at this 
stage. In author’s experience, it is only rarely necessary to do 
any additional ligamentous release apart from the release 
needed to expose the joint enough to make the femoral 
and tibial cuts.5 This may be due to the fact that with use 
of computer navigation, surgeons are able to produce 
appropriate biomechanics. One can clearly see on the 
computer screen any deviations from expected in different 
planes at any point of flexion and the range of movement. 
The surgeon can also assess the stability by using varus and 
valgus stress and assessing the deformity produced in the 
coronal plane. Thus, one is able to balance the knee, not only 
in extension but also throughout the range of flexion. Once 
the surgeon is happy with the result, the tibial rotation is 
marked on the trial component and femoral drilling is done 
for the lug holes, as needed by the design of the prosthesis.

The upper end of tibia is then prepared according to 
the design of the tibial component to be inserted. The 
routine is then followed as in conventional surgery. For 
the uncemented components, the definitive prosthesis is 
inserted. For the cemented components, the bone ends 
are washed and cleared of any debris, and the prosthesis is 
cemented in place. A final result is then seen and recorded 
in the computer. The final kinematics are recorded, and 
assessment is again made for range of movement, coronal 
deformity, stability, and patellar tracking.

Thus, CAOS helps at every stage of the surgical procedure, 
including preoperative kinematic analysis, intraoperative 
guidance at every step, and postoperative kinematic 
analysis, and surgeon is immediately able to objectively 
document the result of the procedure. It is much more 
relevant in complex knee surgery, where the landmarks 
may be gone, the bones may be deformed or malunited from 
previous injuries, and in situations of bone loss and complex 
deformities. One has to do proper preoperative planning for 
these, as the computer will show you what you are doing, 
but the surgeon has to know what he is aiming for.

Fig. 19.9 The rotational position of femoral cutting jig parallel 
to the epicondylar axis (which is 6 degrees to the dorsal condylar 
axis in this case), with danger of 1 mm of notching if used in this 
position.
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Tips and Tricks
 y The aim of TKA is to achieve a stable, well-balanced, and well-aligned knee with good function. This requires placement of 

components in accurate position and achievement of good soft tissue balance.
 y Studies prove that it may be impossible to even know the desired biomechanical and rotational axis, not to think of achieving it 

in the conventional surgery.
 y With the use of computer navigation, one can actually see on the computer screen exactly where the cut is made or the implant 

is placed.
 y A major advantage of computer-assisted navigation is that one can see the exact results while operating and can correct any 

errors during the procedure.
 y Use of CAOS has also been shown to reduce the blood loss in some studies.
 y Despite all the benefits, the strongest link in the chain is the surgeon. Computer can only tell the surgeon what to do; it is in 

hands of the surgeon to achieve that.
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