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Accelerometer-Based, Portable Navigation
vs Imageless, Large-Console Computer-Assisted

Navigation in Total Knee Arthroplasty

A Comparison of Radiographic Results

Denis Nam, MD, K. Durham Weeks, MD, Keith R. Reinhardt, MD,
Danyal H. Nawabi, MD, FRCS(Orth), Michael B. Cross, MD,

and David J. Mayman, MD
Abstract: Computer-assisted surgery (CAS) systems improve alignment accuracy in total knee
arthroplasty (TKA) but have not been widely implemented. Eighty knees underwent TKA using
an accelerometer-based, portable navigation device (KneeAlign 2; OrthAlign Inc, Aliso Viejo,
California), and the radiographic results were compared with 80 knees performed using a large-
console, imageless CAS system (AchieveCAS; Smith and Nephew, Memphis, Tennessee). In the
KneeAlign 2 cohort, 92.5% of patients had an alignment within 3° of a neutral mechanical axis
(vs 86.3% with AchieveCAS, P b .01), 96.2% had a tibial component alignment within 2° of
perpendicular to tibial mechanical axis (vs 97.5% with AchieveCAS, P = .8), and 94.9% had a
femoral component alignment within 2° of perpendicular to the femoral mechanical axis (vs
92.5% with AchieveCAS, P b .01). The mean tourniquet time in the KneeAlign 2 cohort was
48.1 ± 10.2 minutes vs 54.1 ± 10.5 minutes in the AchieveCAS cohort (P b .01). Accelerometer-
based, portable navigation is as accurate as large-console, imageless CAS systems in TKA.
Keywords: computer navigation, total knee arthroplasty, alignment.
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Although total knee arthroplasty (TKA) has been a
tremendously successful procedure in the management
of degenerative joint disease, femoral and tibial compo-
nent malalignment remains a significant concern.
Although recent studies have questioned the signifi-
cance of overall postoperative mechanical alignment on
survivorship, most studies still demonstrate alignment to
be a crucial factor in the clinical success of TKA [1].
Ritter et al [2], in a review of 6070 TKAs, noted the risk
of aseptic failure to significantly increase with a tibial
component orientation less than 90° relative to the tibial
axis and a femoral component orientation greater than
8° of valgus relative to the femoral axis (failure rate,
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8.7%). Similarly, Berend et al [3], in a review of 3152
TKAs, demonstrated that a tibial varus alignment of
greater than 3° increased the odds of implant failure and
medial bone collapse by roughly 17 times. The increase
in revision total knee surgery is projected to be 412% by
the year 2030, and thus, improved surgical techniques
limiting component malalignment may prove cost-
effective [4].
The most commonly used methods of component

alignment in TKA are an extramedullary (EM) align-
ment guide for the tibial resection and an intramedullary
(IM) alignment guide for the distal femoral resection.
Unfortunately, these “conventional” methods have
demonstrated a limited degree of accuracy for both
overall mechanical alignment and individual compo-
nent placement [2,5-9]. Mason et al [9] performed a
meta-analysis of 29 studies comparing computer-
assisted surgical (CAS) to conventional techniques in
TKA. The authors found that only 68.2% of TKAs in the
conventional group achieved an overall mechanical axis
within 3° of neutral (vs 91.0% in the CAS group), 65.9%
achieved a femoral varus/valgus alignment within 2° of
perpendicular to the femoral mechanical axis (vs 90.4%
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Fig. 1. Image showing the face of the KneeAlign 2 display
console (2 × 4 × 2 inches in size). PS, posterior slope; V/V,
varus/valgus.
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in the CAS group), and 79.7% achieved a tibial varus/
valgus alignment within 2° of perpendicular to the tibial
mechanical axis (vs 95.2% in the CAS group). Several
comparative studies have supported these results, all
demonstrating improved precision and accuracy of
implant positioning with the use of CAS techniques
[6,10-13]. In addition, CAS techniques avoid violation of
the IM canal, which may increase pulmonary pressures
and the risk of fat embolism and may decrease
intraoperative blood loss [14-17]. However, despite
these advantages, concerns regarding increased capital
costs, operative times, extra pin sites, and the learning
curve associated with the use of CAS techniques have
continued to limit its widespread acceptance. Although
CAS systems do exist in which intraincisional metaphy-
seal pins or articular surface pins are used for alignment
navigation, CAS has not become a panacea because less
than 3% of TKAs are performed using CAS in the United
States [18].
The KneeAlign 2 system (OrthAlign Inc, Aliso Viejo,

California) is an accelerometer-based, portable naviga-
tion device for TKA that attempts to combine the
alignment accuracy of large-console CAS systems, with
the ease of use and convenience of conventional
alignment methods. The KneeAlign 2 does not require
the use of a large computer console or navigation arrays
for registration and alignment feedback, and it relies on
accelerometer-based navigation vs computed tomogra-
phy–guided, image-based, or imageless navigation tech-
nologies used in most CAS systems. The purposes of this
study were to determine the accuracy of overall lower-
extremity, femoral, and tibial component alignment
obtained when using the KneeAlign 2 and to compare
these results to a large-console, imageless CAS system
(AchieveCAS; Smith and Nephew, Memphis, Tennes-
see). Our hypothesis is that no significant difference in
alignment accuracy will be appreciated between the
portable, accelerometer-based navigation device and the
large-console, imageless navigation technologies.

Materials and Methods
This study is a retrospective review of the radiographic

results of a single surgeon (D.J.M.) from an institutional
review board–approved database. From May 2011 to
November 2011, 65 consecutive patients (29 male, 36
female) received a TKA using the KneeAlign 2 device to
perform both the distal femur and proximal tibia
resections. Fifteen patients underwent bilateral TKAs,
for a total of 80 knees in the KneeAlign 2 cohort (41 left,
39 right). From September 2009 to May 2010, 62
consecutive patients (28 male, 34 female) received a
TKA using the AchieveCAS system to perform both the
distal femur and proximal tibia resections. Eighteen
patients underwent bilateral TKAs, for a total of 80
knees in the AchieveCAS cohort (40 left, 40 right). In
the interval time period (May 2010 to May 2011), the
surgeon used a combination of the KneeAlign system for
the tibial resection and the AchieveCAS system for the
femoral resection. These patients were excluded because
the purpose of this study is to compare the overall
accuracy of the KneeAlign 2 system vs the AchieveCAS
system for overall mechanical, tibial, and femoral
component alignment. Inclusion criteria for this study
were patients with a history of osteoarthritis, rheuma-
toid arthritis, or posttraumatic arthritis who received a
primary, posterior-stabilized TKA. Patients were exclud-
ed if they had a distal femoral or proximal tibial defect
requiring a metal or allograft augment, received a
unicondylar or patellofemoral arthroplasty, or required
the use of either femoral or tibial stem extensions.
Preoperatively, standing anteroposterior (AP) hip-to-

ankle radiographs were obtained for each patient, from
which the lower-extremity mechanical axis was mea-
sured (in degrees). For convention, a positive value for
all radiographic measurements in this study represents a
varus alignment, whereas negative values represent a
valgus alignment [19].
The KneeAlign 2 is an accelerometer-based, portable

navigation device used to perform the proximal tibial
and distal femoral resections in TKA. It does not require
the use of a large console for registration and alignment
feedback and is compatible with any TKA system. It
consists of a disposable display console (2 × 4 × 2 inches
in size) and reference sensor, both of which are used for
the tibial and femoral resections (Fig. 1). The KneeAlign
2 is the second version of the KneeAlign [19,20],
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originally developed to perform only the proximal tibia
resection in TKA. The KneeAlign 2 required the
additional design of a femoral jig and cutting block and
allows for the use of the same display console to perform
both the proximal tibia and distal femur resections. The
display console and reference sensor each contains
triaxial accelerometers that communicate wirelessly
with one another. The surgical technique for using the
KneeAlign 2 to perform the tibial resection is the same as
previously described [19,20]. Briefly, the tibial jig has 2
primary components (a fixed component and a mobile
component) connected by a proximal articulation
(Fig. 2). The fixed component, with the attached
reference sensor, is first pinned to the tibia. The purpose
of the fixed component is to account for movement of
the tibia during cutting block alignment. The mobile
component (to which the display console and tibial
cutting block are attached) is used to register the medial
and lateral malleoli, and the distal tibial mechanical axis
point is approximated via weighted interpolation of
these 2 points. The system then establishes the mechan-
ical axis of the tibia and determines the orientation of the
cutting block relative to the tibial mechanical axis in
both the coronal (varus/valgus) and sagittal (posterior
slope) planes. The surgeon is then able to adjust the
alignment of the cutting block because the display
console provides real-time feedback of its orientation.
Once satisfied with its position, the surgeon pins the
Fig. 2. Image of the KneeAlign 2 system attached to the tibial
jig for performing the proximal tibia resection.
cutting block to the tibia in a standard fashion and can
assess its final varus/valgus and posterior slope align-
ment. The display console is then removed before
performing the resection.
To perform the femoral resection, the same display

console and reference sensor are used, but with a
separate, femoral jig (Fig. 3). The femoral jig is secured
to the distal femoral condyles of the femur using three
3.2-mm diameter pins, with its midpoint centered at
the deepest point of the intercondylar notch. The
display console is attached to the femoral jig, and the
reference sensor is attached to the distal femoral
cutting block. The initial position of the cutting block
is registered, and then the hip center of rotation is
determined by maneuvering the femur rapidly in a
circular motion and then returning to its starting
position (requires 2-3 cycles of the lower extremity).
The KneeAlign 2 is then able to determine the cutting
block's position in both the coronal (varus/valgus) and
sagittal (flexion/extension) planes relative to the
established femoral mechanical axis. The resection
plane of the cutting block is set using a 2.5-mm ball
driver to adjust 2, separate screws on the cutting block;
one which controls coronal alignment, and the other,
sagittal alignment. Once satisfied with its position, the
surgeon pins the cutting block to the femur in a
standard fashion because the display console reports its
final varus/valgus and flexion/extension alignment.
Again, the display console is then removed before
performing the final resection. For both the proximal
tibial and distal femoral resections, a measured
Fig. 3. Image of the KneeAlign 2 system attached to the
femoral jig for performing the distal femoral resection.



Fig. 4. Anteroposterior radiograph demonstrating measure-
ment of the femoral component varus/valgus alignment. This
component was measured to be in 0.8° of valgus.
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resection guide is used to determine the depth of
resection, as with conventional tibial EM and femoral
IM alignment guides.
The AchieveCAS system is a previously validated,

large-console, imageless navigation system used in TKA
[21]. It requires the attachment of separate distal
femoral and proximal tibial arrays and registration of
multiple points along the distal femur, proximal tibia,
and distal tibia, to provide anatomical references for
determination of each respective mechanical axis. A
computer monitor and separate hardware console with
attached infrared cameras are also required, as with
most CAS systems.
At each patient's first postoperative clinic visit (ap-

proximately 6 weeks postoperatively), standing AP hip-
to-ankle radiographs were obtained, from which the
lower-extremity mechanical axis, tibial component
varus/valgus alignment, and femoral component
varus/valgus alignment were digitally measured. The
method for measuring the tibial component varus/
valgus alignment has previously been described [19].
The femoral varus/valgus alignment was determined in
the following manner. The femoral mechanical axis was
first determined by drawing a line from the center of the
femoral head (determined using a best-fit circle) to the
intercondylar notch of the implant. The angle between
the femoral mechanical axis and a line tangential to the
most distal aspects of the medial and lateral femoral
condyles formed the mechanical varus/valgus alignment
of the femoral component (Fig. 4). For convention, the
difference between the measured angle and 90° was
recorded, with negative values representing valgus
alignment (ie, −0.8° represents a femoral component
in 0.8° of valgus relative to the mechanical axis).
Radiographic measurements were independently mea-
sured by 2 observers, and the results were assessed for
interrater reliability.
The intraoperative goal for all TKAs in this study was

0°, or perpendicular to the mechanical axis, for varus/
valgus alignment of both the tibial and femoral
components. The accuracy of both the KneeAlign 2
and AchieveCAS systems was assessed by measuring the
difference between the postoperative radiographic mea-
surements for each component and the intraoperative
goal, and the overall mean absolute difference was
calculated. The accuracy in obtaining a varus/valgus
alignment of 90° ± 2° to the mechanical axis, for the
tibial and femoral components, was also calculated. The
total tourniquet time for each procedure was recorded
for both systems.

Statistical Methods
All data were collected and analyzed using Microsoft

Excel software (Microsoft Corporation, Redmond,
Washington). Statistical comparison between the 2
cohorts regarding component alignment and tourniquet
time was performed using a Student 2-tailed t test.
Statistical significance was set at a P value less than .05.
Interclass correlation coefficients for postoperative ra-
diographic measurements were graded using previously
described semiquantitative criteria: excellent for .9 ≤ P ≤
1.0, good for .7 ≤ P ≤ .89, fair/moderate for .5 ≤ P ≤ .69,
low for .25 ≤ P ≤ .49, and poor for .0 ≤ P ≤ .24 [22].

Results
There were no statistically significant differences with

regard to the preoperative patient age, body mass index,
preoperative alignment for varus knees, or preoperative
alignment for valgus knees when comparing the
KneeAlign 2 and AchieveCAS cohorts (Table).

Overall Lower-Extremity Mechanical Alignment
Postoperatively, the average lower-extremity mechan-

ical alignment in the KneeAlign 2 cohort was 0.6° ± 1.5°
in those patients with a preoperative varus deformity
and −0.8° ± 2.3° in those patients with a preoperative
valgus deformity. Overall, the mean postoperative
lower-extremity alignment was −0.1° ± 2.1°, with



Table. Preoperative Demographics and Mechanical Alignment

KneeAlign
2 Cohort

AchieveCAS
Cohort P-value

Age (y) 63.3 ± 9.0 62.3 ± 9.8 .39
BMI (kg/m2) 30.3 ± 5.8 32.9 ± 7.2 .09
Preoperative mechanical

alignment (varus knees; deg)
8.0 ± 4.0 6.9 ± 4.2 .61

Preoperative mechanical
alignment (valgus knees; deg)

−5.0 ± 6.5 −7.7 ± 4.8 .69

Abbreviation: BMI, body mass index.
All values presented as mean ± SD.
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92.5% of patients having an alignment within 3° of a
neutral mechanical axis.
In comparison, in the AchieveCAS cohort, the average

lower-extremity mechanical alignment was 1.2° ± 1.9°
in those patients with a preoperative varus deformity (P
= .10) and 1.6° ± 3.0° in those patients with a
preoperative valgus deformity (P b .01). Overall, the
mean lower-extremity alignment was 1.3° ± 2.3°, with
86.3% of patients having an alignment within 3° of a
neutral mechanical axis (P b .01). Statistically significant
differences were present with regard to the mean lower-
extremity alignment for preoperative valgus knees and
for the overall mean lower-extremity alignment be-
tween the KneeAlign 2 and AchieveCAS cohorts. No
statistically significant difference was appreciated in
postoperative alignment for those knees with a preop-
erative varus deformity.
Tibial Component Mechanical Alignment
Postoperatively, in the KneeAlign 2 cohort, the mean

tibial component alignment was 0.2° ± 1.0° in those
patients with a preoperative varus deformity and −0.1° ±
1.1° in those patients with a preoperative valgus
deformity. Overall, the mean tibial component align-
ment was 0.04° ± 1.1°, with 96.2% of patients having an
alignment within 2° and 100% within 3° of perpendic-
ular to the coronal mechanical axis of the tibia. The
mean absolute difference between the intraoperative
goal and the postoperative alignment was 0.8° ± 0.6° in
the KneeAlign 2 cohort.
In the AchieveCAS cohort, the mean tibial component

alignment was 0.1° ± 1.1° in those patients with a
preoperative varus deformity (P = 0.7) and 0.1° ± 0.9° in
those patients with a preoperative valgus deformity (P =
0.7). Overall, the mean tibial component alignment was
0.08° ± 1.0° (P = 0.8), with 97.5% of patients having an
alignment within 2° and 100% within 3° of perpendic-
ular to the coronal mechanical axis of the tibia. The
mean absolute difference between the intraoperative
goal and the postoperative alignment was 0.9° ± 0.6° in
the AchieveCAS cohort (P = 0.8). There were no
statistically significant differences in postoperative tibial
component alignment between the KneeAlign 2 and
AchieveCAS cohorts.

Femoral Component Mechanical Alignment
Postoperatively, in the KneeAlign 2 cohort, the mean

femoral component alignment was −0.02° ± 0.9° in
those patients with a preoperative varus deformity and
−0.2° ± 1.4° in those patients with a preoperative valgus
deformity. Overall, the mean femoral component
alignment was −0.1° ± 1.2°, with 94.9% of patients
having an alignment within 2° and 98.7% within 3° of
perpendicular to the coronal mechanical axis of the
femur. The mean absolute difference between the
intraoperative goal and the postoperative alignment
was 0.9° ± 0.7° in the KneeAlign 2 cohort.
In the AchieveCAS cohort, the mean femoral compo-

nent alignment was 0.6° ± 0.9° in those patients with a
preoperative varus deformity (P = .3) and 0.9° ± 2.5° in
those patients with a preoperative valgus deformity (P =
.03). Overall, the mean femoral component alignment
was 0.7° ± 1.6° (P b .01), with 92.5% of patients having
an alignment within 2° and 95% within 3° of perpen-
dicular to the coronal mechanical axis of the femur. Of
note, all femoral component outliers in the AchieveCAS
cohort occurred in patients with a preoperative valgus
knee deformity. The mean absolute difference between
the intraoperative goal and the postoperative alignment
was 1.2° ± 1.2° in the AchieveCAS cohort (P = .16).
There were statistically significant differences in femoral
component alignment in those patients with a preoper-
ative valgus deformity and in overall femoral compo-
nent alignment for all patients between the KneeAlign 2
and AchieveCAS cohorts.

Tourniquet Times
The mean tourniquet time in the KneeAlign 2 cohort

was 48.1 ± 10.2 minutes vs 54.1 ± 10.5 minutes in the
AchieveCAS cohort. This difference was statistically
significant (P b .01).

Interclass Correlation Measurements
The interclass correlation coefficient for measurement

of the postoperative tibial component varus/valgus
alignment was excellent, with a value of 0.92, as was
the interclass correlation coefficient for measurement of
the lower-extremity mechanical axis (0.94). The inter-
class correlation coefficient for measurement of the
postoperative femoral component varus/valgus was
good, with a value of 0.85.

Discussion
Although recent studies have questioned the role of

overall postoperative alignment in TKA, concerns
regarding component malpositioning remain because
implant survival has been shown to be dependent on
precise component placement [1,2,23]. In addition,
most surgeons have a goal for postoperative alignment
that they attempt to achieve, to avoid early implant
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failure. Sharkey et al [23] noted component malposi-
tion to be present in 11.8% of revisions in a
retrospective review of 212 revision TKAs. Comput-
er-assisted surgery techniques increase the precision
and accuracy of implant positioning; however, CAS
techniques have failed to gain widespread acceptance
[6,10-13]. Increased capital costs, operative times, and
concerns over the necessity of extra pin sites, arrays,
intraoperative line of sight issues, and the learning
curve associated with CAS techniques have all
contributed to limit its use. Recently, accelerometer-
based, portable navigation has demonstrated promising
results with regard to performing the proximal tibial
resection in TKA [19,20]. The purpose of this study
was to assess the radiographic results obtained when
using a portable, accelerometer-based navigation de-
vice to perform both the proximal tibial and distal
femoral resections in TKA vs those obtained when
using a large-console, imageless CAS system.
This study demonstrates that the KneeAlign 2 is highly

accurate in achieving a neutral mechanical axis for
overall lower-extremity, femoral, and tibial component
alignment and is as accurate as a predicate, large-console
CAS system. The percentage of patients who had an
alignment within 3° of a neutral mechanical axis in the
KneeAlign 2 cohort was 92.5% vs 86.3% in the
AchieveCAS cohort. In addition, significant differences
were seen with regard to the accuracy of femoral
component alignment, with 94.9% of patients in the
KneeAlign 2 cohort having an alignment within 2° of
neutral vs 92.5% in the AchieveCAS cohort. Both
methods were equally accurate with regard to tibial
component positioning. In addition, use of the KneeA-
lign 2 device demonstrated a significant decrease in
tourniquet times.
Surprisingly, the AchieveCAS cohort was less accurate

than expected with regard to overall mechanical
alignment and femoral component alignment in patients
with a preoperative valgus deformity. It remains unclear
why this occurred, but one contributing factor may have
been difficulties in precisely landmarking aspects of the
lateral femoral condyle during anatomical registration.
Also, because the size of the cohorts was relatively small,
the presence of only a few outliers in the AchieveCAS
cohort could have significantly affected the results.
The surgeon had been using the AchieveCAS system

for several years before the collection of these patients,
and thus learning curve with the system was not a
contributing factor. Prior studies of large-console, CAS
systems have reported an accuracy of 91% to 94% in
obtaining an overall mechanical alignment within 3° of
neutral, and the KneeAlign 2 cohort achieved similar
results [6,9,10,12].
Although the results of this accelerometer-based,

portable navigation device are encouraging, several
limitations of this study must be noted. First, this study
is a retrospective review of 2 cohorts of patients who
received TKAs from a single surgeon. Although no
statistically significant differences between the 2 groups
were appreciated with regard to preoperative age, body
mass index, and deformity, randomization of these 2
groups was not performed, and thus, this study remains
limited. However, the 2 groups were chosen to include
the last 80 patients who received a TKA using the
AchieveCAS for both the femoral and tibial resections
and the first 80 patients who received a TKA using the
KneeAlign 2 device, to try to eliminate selection bias. A
second limitation is that no data are presented with
regard to the learning curve required to use the device.
However, as demonstrated by the significant decrease in
tourniquet times compared with the AchieveCAS cohort
and the relatively short tourniquet times, overall, the
KneeAlign 2 device is simple to use because it provides a
level of familiarity to surgeons accustomed to using
conventional alignment methods. Lastly, standing AP
hip-to-ankle radiographs were used to measure femoral
and tibial component alignment, and it can be argued
that computed tomography would be a more accurate
radiologic method because standing radiographs can be
subject to rotational variations. However, computed
tomography has several disadvantages including radia-
tion exposure and metal artifact from the implants, and
hip-to-ankle radiographs can easily be obtained in the
routine follow-up setting.
This study demonstrates that accelerometer-based,

portable navigation is highly accurate for overall
mechanical, femoral, and tibial component alignment
in TKA and compares favorably to large-console, CAS
systems. One notable disadvantage of the accelerome-
ter-based system is that after the tibial or femoral
resection is performed, the accuracy of the resection
cannot be checked using a navigated array (as with most
large-console CAS systems). However, there are several
advantages of portable navigation compared with large-
console systems. Accelerometer-based, portable naviga-
tion avoids the use of additional pin sites and reference
arrays in the femur and tibia, does not require a large
computer with an infrared camera, and eliminates
intraoperative line of sight issues (between the infrared
camera and the reference arrays). As with large-console,
CAS systems, the KneeAlign 2 avoids violation of the IM
canals. In contrast to conventional, IM femoral align-
ment guides, it does not rely on assumptions based on
the anatomical axis of the femur and is reliably able to
register the true, femoral mechanical axis. Lastly, the
KneeAlign 2 provides a degree of familiarity to surgeons
accustomed to using conventional alignment guides
because the tibial jig is similar to an EM alignment guide
and the femoral jig and cutting block are similar to an IM
alignment guide, minus the IM rod. Therefore, acceler-
ometer-based, portable navigation successfully com-
bines the benefits and accuracy of large-console CAS
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systems while providing a level of familiarity with
conventional alignment methods.
References
1. Parratte S, Pagnano MW, Trousdale RT, et al. Effect of

postoperative mechanical axis alignment on the fifteen-
year survival of modern, cemented total knee replace-
ments. J Bone Joint Surg Am 2010;92:2143.

2. Ritter MA, Davis KE, Meding JB, et al. The effect of
alignment and BMI on failure of total knee replacement. J
Bone Joint Surg Am 2011;93:1588.

3. Berend ME, Ritter MA, Meding JB, et al. Tibial component
failure mechanisms in total knee arthroplasty. Clin Orthop
Relat Res 2004;428:26.

4. Kurtz S, Mowat F, Ong K, et al. Prevalence of primary and
revision total hip and knee arthroplasty in the United
States from 1990 through 2002. J Bone Joint Surg Am
2005;87:1487.

5. Anand S, Harrison JW, Buch KA. Extramedullary or
intramedullary tibial alignment guides: a randomised,
prospective trial of radiological alignment. J Bone Joint
Surg Br 2003;85:1084 [author reply 1084].

6. Anderson KC, Buehler KC, Markel DC. Computer assisted
navigation in total knee arthroplasty: comparison with
conventional methods. J Arthroplasty 2005;20(7 Suppl 3):
132.

7. Bardakos N, Cil A, Thompson B, et al. Mechanical axis
cannot be restored in total knee arthroplasty with a fixed
valgus resection angle: a radiographic study. J Arthroplasty
2007;22(6 Suppl 2):85.

8. Dennis DA, ChannerM, SusmanMH, et al. Intramedullary
versus extramedullary tibial alignment systems in total
knee arthroplasty. J Arthroplasty 1993;8:43.

9. Mason JB, Fehring TK, Estok R, et al. Meta-analysis of
alignment outcomes in computer-assisted total knee
arthroplasty surgery. J Arthroplasty 2007;22:1097.

10. Confalonieri N, Manzotti A, Pullen C, et al. Computer-
assisted technique versus intramedullary and extramedul-
lary alignment systems in total knee replacement: a
radiological comparison. Acta Orthop Belg 2005;71:703.
11. Ensini A, Catani F, Leardini A, et al. Alignments and
clinical results in conventional and navigated total knee
arthroplasty. Clin Orthop Relat Res 2007;457:156.

12. Manzotti A, Pullen C, Confalonieri N. Computer-assisted
alignment system for tibial component placement in total
knee replacement: a radiological study. Chir Organi Mov
2008;91:7.

13. Pang CH, Chan WL, Yen CH, et al. Comparison of total
knee arthroplasty using computer-assisted navigation
versus conventional guiding systems: a prospective
study. J Orthop Surg (Hong Kong) 2009;17:170.

14. Schnurr C, Csecsei G, Eysel P, et al. The effect of computer
navigation on blood loss and transfusion rate in TKA.
Orthopedics 2010;33:474.

15. Hinarejos P, Corrales M, Matamalas A, et al. Computer-
assisted surgery can reduce blood loss after total knee
arthroplasty. Knee Surg Sports Traumatol Arthrosc 2009;
17:356.

16. Millar NL, Deakin AH, Millar LL, et al. Blood loss following
total knee replacement in the morbidly obese: effects of
computer navigation. Knee 2011;18:108.

17. Dorr LD, Merkel C, Mellman MF, et al. Fat emboli in
bilateral total knee arthroplasty. Predictive factors for
neurologic manifestations. Clin Orthop Relat Res 1989;
112:8 [discussion 118-9].

18. Canale ST, Beaty JH. Campbell's operative orthopae-
dics11th ed. Philadelphia (Pa): Elsevier Inc.; 2008.

19. NamD, Jerabek SA,HaughomB, et al. Radiographic analysis
of a hand-held surgical navigation system for tibial resection
in total knee arthroplasty. J Arthroplasty 2011;26:1527.

20. Nam D, Cross M, Deshmane P, et al. Radiographic results
of an accelerometer-based, handheld surgical navigation
system for the tibial resection in total knee arthroplasty.
Orthopedics 2011;34:e615.

21. Chandrasekaran S, Molnar RB. Minimally invasive image-
less computer-navigated knee surgery: initial results. J
Arthroplasty 2008;23:441.

22. Munro BH. Correlation. Statistical methods for healthcare
research. 3rd ed. New York: Lippincott-Raven; 1997; p. 224.

23. Sharkey PF, Hozack WJ, Rothman RH, et al. Insall Award
Paper. Why are total knee arthroplasties failing today? Clin
Orthop Relat Res 2002;404:7.


	Accelerometer-Based, Portable Navigation �vs Imageless, Large-Console Computer-Assisted Navigation in Total Knee Arthroplasty
	Materials and Methods
	Statistical Methods
	Results
	Overall Lower-Extremity Mechanical Alignment
	Tibial Component Mechanical Alignment
	Femoral Component Mechanical Alignment
	Tourniquet Times
	Interclass Correlation Measurements

	Discussion
	References


