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INTRODUCTION
Technological evolution has marked the recent history of 
medicine, revolutionizing diagnostic and therapeutic methods 
in all its fields. In this context, one of the most recent achieve-
ments is the computer-aided orthopaedic surgery (CAOS). 
The development and clinical application of computer-assisted 
surgery systems in orthopaedics has recently resulted in the 
establishment of a specific international society, the CAOS 
- International, the first meeting of which occurred in 2001, 
in Davos, Switzerland. In our environment, we got the first 
computed-assisted orthopaedic surgery system in 1999, at 
the Orthopaedics and Traumatology Institute, Hospital das 
Clínicas, University of São Paulo, which was donated by Aes-
culap Academy. That system, named OrthoPilot, is intended 
to Surgical Navigation in Orthopaedics, its major application is 
on Knee Total Arthroplasty, with which we had our first experi-
ence in this area. OrthoPilot was the first navigation system for 
knee arthroplasty to be widely employed in clinics, especially 
in Europe. Navigation consists of surgical instrumentation 
guidance, offering objective intra-operative parameters to sur-
geons, providing accuracy and safety to a surgical procedure, 
enabling the performance of minimally invasive procedures, 
and reducing or mitigating exposure to X-ray. Thus, navigation 
is the surgical or intra-operative arm of CAOS, which can also 
be applied in surgical planning, results simulation, and robot-
ics. Many reference possibilities exist for navigation systems, 
those based on images that can be captured before or during 
surgical procedure (computed tomography (CT), magnetic 

resonance (MR), fluoroscopy, ultra-sound (US), etc) and those 
that are not based on images, but in anatomical references 
captured during surgical procedure. OrthoPilot fits in the latter 
group, with particular anatomical points of a patient are sent to 
the computer during surgery through infrared (IR) active con-
veyors, which are found by an optical tracking system similar 
to a GPS (Figure 1). The position and movement of those 
points are followed up in real time by the computer, allowing 
to find the core of the three major joints of a patient’s lower 
limb by a mathematic algorithm applied to the performance 
of standardized movements of those joints, thus enabling a 
virtual reconstruction of the lower limb’s mechanical axis. The 
association of this lower limb virtual model to anatomical refer-
ences achieved ant to the presence of IR conveyors (Figure 2) 
in tibial and femoral section guides enable bone sections to 
be performed in a surgical procedure to be guided by the 
computer in an accuracy degree equal or lower than 1º. The 
system “sees” the section guides and their position towards 
tibial and femoral joint surface and to lower limb’s mechani-
cal axis, providing a feedback to the surgeon by means of a 
virtual image on screen with objective parameters about the 
result to be achieved as a result of section guides position, 
namely: section thickness and angle towards mechanical axis 
at frontal and sagittal planes (Figure 3). Therefore, conventional 
alignment guides are not used, with intra- or extra-medullar 
reference, thus reducing the risk of thromboembolic complica-
tions as well. Here, we report the results of lower limbs align-
ment for our first series of 72 knees in 68 patients submitted 

SUMMARY
One of the most significant technological advancements in 
current medicine is the computer-assisted surgery, which, for 
orthopaedics, one of the major uses of this technology is in 
knee arthroplasty. The main contribution provided by compu-
ter-assisted orthopaedic surgery (CAOS) to knee arthroplasty 
is its potential to improve prosthesis implant precision and the 
operated limb alignment, contributing to results optimization 
and longevity. The image-independent navigation, based on 
anatomical references acquired during surgical procedure 
through infrared rays’ transmitters, has been the prevailing 
technique in knee arthroplasty. We used the navigation system 
“OrthoPilot” version 2.2 in total knee arthroplasty for inserting 
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72 knee prosthesis   “Search Evolution” by “Aesculap” with 
or without posterior stabilization in a continuous series. The 
objective was to measure the accuracy of the alignment 
achieved with navigation through wide-angled X-ray images 
obtained postoperatively. We found a mean deviation for the 
null mechanical axis of 0.66º with standard deviation of 0.7º, 
with 98.6% of the knees being within an error margin of 3º 
and 78.2% with error lower than 1º. We concluded that the 
system is safe and accurate, not causing additional morbidity 
to conventional surgery.   

Keywords: Knee; Arthroplasty, Replacement, Knee; Knee Prosthe-
sis; Surgery,Computer-Assisted.  
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Figure 1 - Rigid bodies with infrared conveyors 
attached to distal femur, proximal tibia, and femoral 

section guide.

Figure 2 - Rigid bodies with active infrared 
conveyors for navigation with OrthoPilot.

Figure 3 - Screen image with illustration and 
numeric reference of the tibial section guide 

positioning.

to knee total arthroplasty guided by that navigation system, 
who were operated between November 200 and March 2002. 
Our first objective was to check system’s accuracy regarding 
mechanical axis alignment at frontal plane.  

MATERIALS AND METHODS
Seventy two knees of 68 patients assigned for primary knee 
total arthroplasty (KTA) were sequentially operated. Forty nine 
patients were females and 19 were males, and mean age 
was 61.8 years old, ranging from 26 to 81 years old. Cases 
to be operated with the navigation system were randomly as-
signed, being included all cases assigned for KTA, regardless 
of etiology, degree of deformity, or any other variable. From 
72 knees, 52 were patients diagnosed 
with arthrosis and 20 with rheumatoid 
arthritis. The preoperative mean devia-
tion of axis was 9.25º, with standard 
deviation of 5.2º, ranging from 17.3º 
varus to 22.5º valgus, always towards 
lower limb’s mechanical axis.   
Implants Aesculap model “Search 
Classic” with or without posterior 
stabil ization, according to each 
case’s indication. Surgeries were all 
“navigated” with OrthoPilot system 
(Figure 3) with software release 2.2 
for knee total arthroplasty, using 3 
modified Schanz pins for attaching 
IR conveyors, one at the distal femur 
and one at proximal tibia, which are 
introduced by an usual arthroplasty 
incision, and a third percutaneous 
screw at iliac crest as a reference 
for finding hip center through the 
dynamic maneuvers standardized by 
system. Software is fed with dynamic 
information for the 3 joints of operated 
lower limb by means of standardized 
movements requested by system and 
by mans of static anatomical refer-
ences, namely: deepest point of the 
most compromised tibial plateau, 
joint surface center of the tibia, femo-
ral distal end, femoral anterior corti-
cal proximally to joint surface, ankle 
malleolus apex, and ankle anterior 
joint interline center. Those points are 
intended to allow software calcula-
tions of the femoral component size, 
sections thickness compared to joint 
surfaces, and matching anatomical 
references with dynamic references 
as a way to measure and increase the 
reliability of joint center calculations.   
Femoral distal section and tibial proxi-
mal section have been guided by 
OrthoPilot targeting the null alignment 
of the mechanical axis, superposing 

hip’s center, knee and ankle in a straight line. The other sec-
tions were made with conventional section guides, specific 
to selected implant and regardless of limb alignment. Joint 
balance was controlled by the OrthoPilot, which enables 
the measurement, in degrees, of knee varus and valgus 
deviation, providing an objective parameter for obtaining it. 
Alignment control during surgery is continuous, allowing for 
detecting any changes that might lead to baseline alignment 
deviations, thus the procedure is navigated up to implantation 
and final cementation of components, when final alignment 
is recorded on system’s database.
Preoperative and postoperative mechanical axis was mea-
sured and recorded by means of full-range X-ray images 

of lower limbs, performed up to 1 
month prior to surgery and as soon 
as the patient was able to remain in an 
orthostatic position at postoperative 
period (Figure 4). 

RESULTS
All patients were followed up dur-
ing one year after surgery, the align-
ment results were obtained at early 
postoperative period, once the ob-
jective of this study was to measure 
system’s accuracy in obtaining a de-
sired alignment. Within that period, 
no patient presented with deep ve-
nous thrombosis or thromboembolic 
incidents. One patient evolved with a 
superficial infection, which respond-
ed to oral antibiotic therapy, and one 
patient presented with a deep infec-
tion requiring prosthesis removal 
and spacer insertion for treating that 
infection. There were no complica-
tions associated to the use of the 
navigator, or to the insertion of modi-
fied Schanz pins.   
The average deviation of the null me-
chanical axis was 0.66º with standard 
deviation of 0.7º, with 98.6% of the 
knees being within an error margin 
of 3º, and 79.2% within an error be-
low 1º. Error ranged from 3.4º varus 
to 2.7º valgus. If we analyze the first 
20 knees, of 19 patients, the average 
deviation was 0.72º with standard 
deviation of 0.96º, 95% of the cases 
with an error below 3º and 80% be-
low 1º. All cases with deviation above 
3º have occurred in this early series. 
At the other end, the last 20 knees of 
the series presented with an average 
axis deviation of 0.52º with standard 
deviation of 0.68º, 100% of the cases 
within 3º margin, and 80% with devia-
tion below 1º (Table 1).
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Axis 
Deviation

< 3º < 1º

First 20 0.72º 95% 80%
Total Series 0.66º 98.6% 79.2%
Last 20 0.52 100% 80%

Figure 4 - Pre- and postoperative full-range view 
of the first case operated with OrthoPilot.

DISCUSSION
Knee total arthroplasty is a highly com-
plex surgical procedure requiring ex-
tensive training for the surgeon and 
having a long learning curve. Further-
more, its results and implants longevity 
are closely related to the accuracy and 
technical strictness of its insertion (1,2, 3,4). 
The proper alignment of femoral and 
tibial components to lower limb’s me-
chanical axis are certainly one of the 
most important factors for an implant 
duration over time, and many stud-
ies indicate that a deviation above 
3º implies in premature failure and 
inferior functional outcomes (1,3,5-9). It 
is estimated that about 10% of knee 
arthroplasties present an alignment 
error above 3º even in the hands of 
experienced surgeons using mod-
ern mechanical alignment guides (9). 
It is evident that other variables are 
involved, such as tension balancing 
for peripheral ligaments as well as for 
posterior cruciate ligament when this 
is saved, the design and quality of the 
prosthetic components themselves, 
and the maintenance of joint interline 
height, among others (10).
The computer-assisted insertion of knee prosthesis enables 
the possibility of controlling technical variables of insertion 
with accuracy and reproducibility controlled by objective, 
measurable, and intraoperatively documented parameters. 
This technology brings the expectation of increasing im-
plants longevity by increasing the precision of its alignment 
and ligamentar balancing (3,10-17), shortening the learning 
curve for surgeons, and providing more homogeneous re-
sults, which are less dependent on each individual’s skills. 
Additionally, it will be an extremely valuable tool for minimal-
ly-invasive surgeries development, where the surgeon has 
a narrower view of the surgical field, increasing the risks of 
technical inaccuracies. Additionally, the mitigation of intra-
medullar alignment guides reduced the incidence of throm-
boembolism (18) and reduces intra-operative blood loss (19).
We are still in the early phases of computer-assisted sur-
gery systems development, and many expected benefits 
are certainly to come, with the improvement and evolution 
of current systems and softwares. The OrthoPilot’s software 
release 2.2 used in this series provides us with femoral and 
tibial components alignment control with an accuracy of 
less than one degree, helps on balancing ligaments and on 
determining the height of femoral distal and tibial proximal 
section. Our first objective is to verify the prosthesis align-
ment accuracy at frontal plane.  
OrthoPilot is the navigation system for KTA with the high-
est number of clinical cases and with the largest series 
published on international literature (11,17), with this series 
being the first one in our environment. In international 

literature, the first series - with 30 
knees - was published in 2001 by 
Mielke et al.(20). Therefore, we started 
our experience before that first pub-
lication. We closed our series when 
our system was updated with the 
software release 3.0, in which time 
point a new series started and shall 
be reported in the near future. The 
technology used - not dependent on 
imaging tests - guided by intra-oper-
ative IR conveyors has resulted in a 
simple, fast, surgeon-friend system, 
regardless surgeons’ familiarity with 
computers. This is a tool that helps 
surgeons to perform the procedure 
with objective parameters and data, 
with no interference on surgical plan-
ning or strategy.    
The results achieved are similar to or 
outperform the alignment of the most 
accurate series published in literature. 
One of computer-assisted KTA’s dif-
ferentials is the reduction or mitigation 
of cases “outlining” from the safety 
zone of 3º (16,17). Thus, in our series, we 
noticed that although the number of 
cases within an optimal zone of 1º of 
accuracy remains almost unchanged 

in 80% whether in the first 20 knees, or the whole series, 
or in the last 20 knees, all “outliner” cases have occurred 
among the first 20 knees of the series. Therefore, we saw a 
fast learning curve and the virtual mitigation of safety zone 
“outliners” after this initial phase. 
The presence of a continuous real-time control for limb 
alignment without the need of mounting visual measure-
ment instruments enables “finding” errors and inaccura-
cies caused by some maneuvers and procedures during 
surgery and providing us knowledge that can be transferred 
to conventional surgeries. We noticed that section guides 
fixation with nails introduced with the aid of hammers yield 
significant orientation deviations, which are minimized with 
the use of threaded pins inserted with perforating drills. 
Here is another advantage of the navigator: any deviation 
of section guides positioning during its handling and fixa-
tion, or after their support system removal after fixation is 
immediately detected, not requiring any additional step. 
Usually, we make use of spacers and/ or tensors to assess 
flexion and extension spaces as well as ligaments balance 
during surgery, and here we notice another source of loss 
of initial alignment, especially in those cases where bone 
tissue is less stiff, as in patients with rheumatic diseases. 
We could see that, in some cases, the introduction of a 
spacer at test and balancing phase may lead to compres-
sion on the tensest compartment of the joint, deforming 
initial section surface and leading to a deviation on final 
alignment if not corrected.          
Navigation in knee arthroplasty has certainly a lot to im-

Table 1 - Results – Axis Deviation.
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prove; newer versions already have control - and should im-
prove it further - on ligaments balancing, components’ rota-
tion and dimensioning, extensor apparatus alignment, and 
the development of instruments that better fits to minimally 
invasive surgery (21-23). The latter is one of the most promis-
ing and significant applications of the navigation, once the 
reduced visual control in minimally invasive surgeries may 
be offset by virtual control obtained with navigation (22).
We believe we are just in the early days of a time when com-
puter-assisted surgery will be an essential and usual tool for 

surgeons as new techniques and instruments are developed, 
promoting a quality leap in all surgical areas.

CONCLUSIONS
• Navigation of knee total arthroplasty with OrthoPilot release 
2.2 is precise, providing accurate and reproducible alignment 
of operated limbs.   
• Navigation with OrthoPilot release 2.2 is safe, not adding 
morbidity to conventional surgery. 
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