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Disposable Navigation for Total Knee Arthroplasty
Scott R. Nodzo, MD, Kaitlin M. Carroll, BS, and David J. Mayman, MD

T otal knee arthroplasty (TKA) continues to be 
a widely utilized treatment option for end-
stage knee osteoarthritis, and the number of 

patients undergoing TKA is projected to continual-
ly increase over the next decade.1 Although TKA is 
highly successful for many patients, studies con-
tinue to report that approximately 20% of patients 
are dissatisfied after undergoing TKA, and nearly 
25% of knee revisions are performed for instability 
or malalignment.2,3 Technological advances have 
been developed to help improve clinical outcomes 
and implant survivorship. Over the past decade, 
computer navigation and intraoperative guides 
have been introduced to help control surgical vari-
ables and overcome the limitations and inaccura-
cies of traditional mechanical instrumentation. Cur-
rently, there are a variety of technologies available 
to assist surgeons with component alignment, 

including extramedullary devices, computer-assist-
ed navigation systems (CAS), and patient-specific 
instrumentation (PSI) that help achieve desired 
alignment goals.4,5

Computer-assisted navigation tools were intro-
duced in an effort to improve implant alignment 
and clinical outcomes compared to traditional 
mechanical guides. Some argue that the use of 
computer-assisted surgery has a steep learning 
curve and successful use is dependent on the 
user’s experience; however, studies have sug-
gested computer-assisted surgery may allow less 
experienced surgeons to reliably achieve antici-
pated intraoperative alignment goals with a low 
complication rate.6,7 Various studies have looked 
at computer-assisted TKA at short to mid-term 
follow-up, but few studies have reported long-term 
outcomes.6-9 de Steiger and colleagues10 recently 
found that computer-assisted TKA reduced the 
overall revision rate for aseptic loosening following 
TKA in patients younger than age 65 years, which 
suggests benefit of CAS for younger patients. 
Short-term follow-up has also shown the benefit 
of CAS TKA in patients with severe extra-articu-
lar deformity, where traditional instrumentation 
cannot be utilized.11 Currently, there is no consen-
sus that computer-assisted TKA leads to improved 
postoperative patient reported outcomes, because 
many studies are limited by study design or small 
cohorts; however, current literature does show an 
improvement in component alignment as com-
pared to mechanical instrumentation.9,12,13 As future 
implant and position targets are defined to improve 
implant survivorship and clinical outcomes in total 
joint arthroplasty, computer-assisted devices will 
be useful to help achieve more precise and accu-
rate component positioning. 

In addition to CAS devices, some companies 
have sought to improve TKA surgery by introducing 
PSI. PSI was introduced to improve component 
alignment in TKA, with the purported advantages 
of a shorter surgical time, decrease in the number 
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of instruments needed, and improved clinical out-
comes. PSI accuracy remains variable, which may 
be attributed to the various systems and implant 
designs in each study.14-17 In addition, advanced 
preoperative imaging is necessary, which further 
adds to the overall cost.17 While the recent ad-
vancement in technology may provide decreased 
costs at the time of surgery, the increased cost 
and time incurred by the patient preoperatively 
has not resulted in significantly better clinical 
outcomes.18,19 Additionally, recent work has not 
shown PSI to have superior accuracy as compared 
to currently available CAS devices.14 These findings 
suggest that the additional cost and time incurred 
by patients may limit the widespread use of PSI.

Although computer navigation has been shown 
to be more accurate than conventional instrumenta-
tion and PSI, the lack of improvement in long-term 
clinical outcome data has limited its use. In a me-
ta-analysis, Bauwens and colleagues20 suggested 
that while navigated TKAs have improved compo-
nent alignment outcomes as compared to conven-
tional surgery, the clinical benefit remains unclear. 
Less than 5% of surgeons are currently using 
navigation systems due to the perceived learning 
curve, cost, additional surgical time, and imaging 
required to utilize these systems. Certain naviga-
tion systems can be seemingly cumbersome, with 
large consoles, increased number of instruments 
required, and optical instruments with line-of-sight 
issues. Recent technological advances have worked 
to decrease this challenge by using accelerometer- 
and gyroscope-based electronic components, which 
combine the accuracy of computer-assisted technol-
ogy with the ease of use of mechanical guides. 

Accelerometer and gyroscope technology 
systems, such as the iAssist system, are porta-
ble devices that do not require a large computer 
console or navigation arrays. This technology relies 
on accelerator-based navigation without additional 
preoperative imaging. A recent study demonstrated 
the iAssist had reproducible accuracy in component 
alignment that could be easily incorporated into the 
operating room without optical trackers.21 The use 
of portable computer-assisted devices provides a 
more compact and easily accessible technology 
that can be used to achieve accurate component 
alignment without additional large equipment in the 
operating room.22 These new handheld intraopera-
tive tools have been introduced to place implants 
according to a preoperative plan in order to mini-
mize failure due to preoperative extra-articular de-
formity or intraoperative technical miscues.23 Nam 

and colleagues24 used an accelerometer-based 
surgical navigation system to perform tibial re-
sections in cadaveric models, and found that the 
accelerometer-based guide was accurate for tibial 
resection in both the coronal and sagittal planes. In 
a prospective randomized controlled trial evaluating 
100 patients undergoing a TKA using either an ac-
celerometer-based guide or conventional alignment 
methods, the authors showed that the accelerome-
ter-based guide decreased outliers in tibial compo-
nent alignment compared to conventional guides.25 
In the accelerometer-based guide cohort, 95.7% of 
tibial components were within 2° of perpendicular 
to the tibial mechanical axis, compared to 68.1% 
in the conventional group (P < .001). These results 
suggested that portable accelerometer-based navi-
gation allows surgeons to achieve satisfactory tibial 
component alignment with a decrease in the 
number of potential outliers.24,25 Similarly, 
Bugbee and colleagues26 found that 
accelerometer-based handheld 
navigation was accurate for 
tibial coronal and sagittal 
alignment and no additional 
surgical time was required 
compared to conventional 
techniques. 

The relationship be-
tween knee alignment 
and clinical outcomes 
for TKA remains contro-
versial. Regardless of 
the surgeon’s alignment 
preference, it is important 
to reliably and accurately 
execute the preoperative 
plan in a reproducible fashion. 
Advances in technology that 
assist with intraoperative component 
alignment can be useful, and may help 
decrease the incidence of implant malalign-
ment in clinical practice. 

Preoperative Planning and  
Intraoperative Technique
Preoperative planning is carried out in a manner 
identical to the use of conventional mechanical 
guides. Long leg films are taken for evaluation of 
overall limb alignment, and calibrated lateral imag-
es are taken for templating implant sizes. Lines are 
drawn on the images to determine the difference 
between the mechanical and anatomic axis of 
the femur, and a line drawn perpendicular to the 
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mechanical axis is placed to show the expected 
bone cut. In similar fashion a perpendicular line to 
the tibial mechanical axis is also drawn to show the 
expected tibial resection. This preoperative plan 
allows the surgeon to have an additional intraoper-
ative guide to ensure accuracy of the computer-as-
sisted device. 

After standard exposure, the distal femoral or 
proximal tibial cut can be made based on surgeon 
preference. The system being demonstrated in the 
accompanying photos is the KneeAlign 2 system 
(OrthAlign).

Distal Femoral Cut

The KneeAlign 2 femoral cutting guide is attached 
to the distal femur with a central pin that is placed 
in the middle of the distal femur measured from 
medial to lateral, and 1 cm anterior to the intercon-
dylar notch. It is important to note that this spot is 
often more medial than traditionally used for inser-
tion of an intramedullary rod. This central point sets 
the distal point of the femoral mechanical axis. The 

device is then held in place with 2 oblique pins, and 
is solidly fixed to the bone. Using a rotating motion, 
the femur is rotated around the hip joint. The 
accelerometer and gyroscope in the unit are able 
to determine the center of the hip joint from this 
motion, creating the proximal point of the mechan-
ical axis of the femur. Once the mechanical axis of 
the femur is determined, varus/valgus and flexion/
extension can be adjusted on the guide. One ad-
justment screw is available for varus/valgus, and a 
second is available for flexion/extension. Numbers 
on the device screen show real-time alignment, 
and are easily adjusted to set the desired alignment  
(Figure 1). Once alignment is obtained, a mechani-
cal stylus is used to determine depth of resection, 
and the distal femoral cutting block is pinned. After 
pinning the block, the 3 pins in the device are re-
moved, and the device is removed from the bone. 
This leaves only the distal femoral cutting block in 
place. In experienced hands, this part of the proce-
dure takes less than 3 minutes. 

Proximal Tibial Cut

The KneeAlign 2 proximal tibial guide is similar in 
appearance to a standard mechanical tibial cutting 
guide. It is attached to the proximal tibia with a 
spring around the calf and 2 pins that hold the 
device aligned with the medial third of the tibial 
tubercle. A stylus is then centered on the anterior 
cruciate ligament (ACL) footprint, which sets the 
proximal mechanical axis point of the tibia (Figure 2).  
An offset number is read off the stylus on the 
ACL footprint, and this number is matched on 
the ankle offset portion of the guide. The device 
has 2 sensors. One sensor is on the chassis of 
the device, and the other is on a mobile arm. 
Movements between the 2 are monitored by the 
accelerometers, allowing for accurate maintenance 
of alignment position even with motion in the leg. 
A point is taken from the lateral malleolus and then 
a second point is taken from the medial malleolus. 
These points are used to determine the center of 
the ankle joint, which sets the distal mechanical 
axis point. Once mechanical axis of the tibia is 
determined, the tibial cutting guide is pinned in 
place, and can be adjusted with real-time guidance 
of the varus/valgus and posterior slope values seen 
on the device (Figure 3). Cut depth is once again 
determined with a mechanical stylus. 

Limitations
Although these devices have proven to be very 
accurate, surgeons must continue to recognize 

Figure 1. Numbers on the device screen show real-time alignment, and are easily 
adjusted to set the desired alignment.
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that all tools can have errors. With computerized 
guides of any sort, these errors are usually user 
errors that cannot be detected by the device. Sur-
geons need to be able to recognize this and always 
double-check bone cuts for accuracy. Templating 
the bone cuts prior to surgery is an effective 
double-check. In addition, many handheld acceler-
ometer devices do not currently assist with the ro-
tational alignment of the femoral component. This 
is still performed using the surgeon’s preferred 
technique, and is a limitation of these systems. 

Discussion
Currently, TKA provides satisfactory 10-year results 
with modern implant designs and survival rates as 
high as 90% to 95%.27,28 Even with good survival 
rates, a percentage of patients fail within the first 5 
years.3 At a single institution, 50% of revision TKAs 

were related to instability, malalignment, or failure 
of fixation that occurred less than 2 years after the 
index procedure.29 In general, TKA with mechan-
ical instrumentation provides satisfactory pain 
relief and postoperative knee function; however, 
studies have consistently shown that the use of 
advanced technology decreases the risk of implant 
malalignment, which may decrease early implant 
failure rates as compared to mechanical and some 
PSI.13,14,22 While there is a paucity of literature that 
has shown better clinical outcomes with the use of 
advanced technology, there are studies supporting 
the notion that proper limb alignment and compo-
nent positioning improves implant survivorship.23,30 
CAS may have additional advantages if the sur-
geon chooses to place the TKA in an alignment 
other than a neutral mechanical axis. Kinematic 
alignment for TKA has gained increasing popular-

Figure 2. The KneeAlign 2 (OrthAlign) proximal tibial guide is attached to 
the proximal tibia with a spring around the calf and 2 pins that hold the 
device aligned with the medial third of the tibial tubercle. 

Figure 3. Once mechanical axis of the tibia is determined, the tibial cutting 
guide is pinned in place, and can be adjusted with real-time guidance of 
the varus/valgus and posterior slope values seen on the device.
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ity, where the target of a neutral mechanical axis 
alignment is not always the goal.31,32 The reported 
benefit is a more natural ligament tension with 
the hope of improving patient satisfaction. One 
concern with this technique is that it is a departure 
from the long-held teaching that a TKA aligned to a 
neutral mechanical axis is necessary for long-term 
implant survivorship.33,34 In addition, if the goal of 
surgery is to cut the tibia and femur at a specific 
varus/valgus cut, standard instrumentation may not 
allow for this level of accuracy. This in turn increas-
es the risk of having a tibial or femoral cut that 
is outside the commonly accepted standards of 
alignment, which may lead to early implant failure. 
If further research suggests alignment is a variable 
that differs from patient to patient, the use of 
precise tools to ensure accuracy of executing the 
preoperatively templated alignment becomes even 
more important. 

As the number of TKAs continues to rise each 
year, even a small percentage of malaligned knees 
that go on to revision surgery will create a large 
burden on the healthcare system.1,3 Although the 
short-term clinical benefits of CAS have not shown 
substantial differences as compared to conven-
tional TKA, the number of knees aligned outside 
of a desired neutral mechanical axis alignment has 
been shown in multiple studies to be decreased 
with the use of advanced technology.7,12,34 Although 
CAS is an additional cost to a primary TKA, if the 
orthopedic community can decrease the number 
of TKA revisions due to malalignment from 6.6% 
to nearly zero, this may decrease the revision bur-
den and overall cost to the healthcare system.1,3 

TKA technology continues to evolve, and we 
must continue to assess each new advance not 
only to understand how it works, but also to ensure 
it addresses a specific clinical problem, and to be 
aware of the costs associated before incorporating 
it into routine practice. Some argue that the use of 
advanced technology requires increased surgical 
time, which in turn ultimately increases costs; 
however, one study has documented no increase in 
surgical time with handheld navigation while main-
taining the accuracy of the device.34 In addition, 
no significant radiographic or clinical differences 
have been found between handheld navigation and 
larger console CAS systems, but large console sys-
tems have been associated with increased surgical 
times.22 The use of handheld accelerometer- and 
gyroscope-based guides has proven to provide 
reliable coronal and sagittal implant alignment that 
can easily be incorporated into the operating room. 

More widespread use of such technology will help 
decrease alignment outliers for TKA, and future 
long-term clinical outcome studies will be neces-
sary to assess functional outcomes.

Conclusion
Advanced computer based technology offers an 
additional tool to the surgeon for reliably improv-
ing component positioning during TKA. The use 
of handheld accelerometer- and gyroscope-based 
guides increases the accuracy of component 
placement while decreasing the incidence of 
outliers compared to standard mechanical guides, 
without the need for a large computer console. 
Long-term radiographic and patient-reported 
outcomes are necessary to further validate these 
devices.
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