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It has been reported that an accelerometer-based portable navigation device can achieve accurate bone
cuts, but there have been few studies of clinical outcomes after total knee arthroplasty (TKA) using such a
device. The aim of this study was to evaluate lower limb alignment and clinical outcomes after TKA using
an accelerometer-based portable navigation device. Thirty-five patients (40 knees) underwent primary
TKAs using an accelerometer-based portable navigation device. Postoperative radiographic assessments
included the hip-knee-ankle angle, femoral component angle (FCA), and tibial component angle (TCA) in
the coronal plane and the sagittal FCA and sagittal TCA in the sagittal plane. Clinical outcomes were
evaluated by the Japanese Orthopedic Association score for osteoarthritic knees, Japanese Knee Osteo-
arthritis Measure, and the New Knee Society Score. The frequency of outliers (>3 degrees) was 10% for
the hip-knee-ankle angle, 8% for FCA, 0% for TCA, 19% for sagittal FCA, and 9% for sagittal TCA. The
Japanese Orthopedic Association score and Japanese Knee Osteoarthritis Measure were significantly
improved postoperatively. The postoperative New Knee Society Score was 67.2% for symptoms, 50.3% for
satisfaction, 58.6% for expectation, and 44.1% for function. TKA using an accelerometer-based portable
navigation device achieved good results for both lower limb alignment and clinical outcomes.
© 2017 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
Introduction

Accurate lower limb alignment is one of the most important
factors for a successful total knee arthroplasty (TKA), and it has
reportedly been associated with good postoperative clinical
outcomes [1]. Recently, various devices have been used to achieve
accurate lower limb alignment, such as computer-assisted surgery
(CAS), an extramedullary alignment guide for femoral resection,
and a patient-matched instrument (PMI) [2-4].

The KneeAlign 2 system (Orthalign Inc., Aliso Viejo, CA) is an
accelerometer-based portable navigation device for TKA. This
device can help achieve the correct angle of resection for the distal
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femur (flexion, varus/valgus) and the proximal tibia (posterior
slope, varus/valgus). Although achievement of good lower limb
alignment has been reported [5], little is known about the clinical
outcomes using this device. The correlation between lower limb
alignment after TKA and clinical outcomes is still controversial, but
self-reported clinical outcomes may indicate the true clinical
outcomes of TKA.

The aim of this study was to evaluate lower limb alignment and
objective and self-reported clinical outcomes after TKA using an
accelerometer-based portable navigation device.
Material and methods

This was a retrospective study approved by an institutional re-
view board. Between March 2014 and November 2015, 35 patients
(40 knees) underwent primary TKAs using the KneeAlign 2 system.
These included 9male patients with 9 knees and 26 female patients
with 31 knees, with an average age of 75.5 years (range, 49-86
years). Overall, 36 knees had osteoarthritis, and 4 knees had
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rheumatoid arthritis. The average follow-up period was 14.6
months (range 6-26 months). The implant type was the Vanguard
Complete Knee System (Zimmer Biomet, Warsaw, IN), and the
posterior-stabilized type implant was used in all knees.

The trivector-retaining approach or the medial parapatellar
approach was used. Bone cuts were performed by the modified gap
technique. The KneeAlign 2 system was used for distal femoral
resection and proximal tibial resection. In the coronal plane, both
thedistal femurand theproximal tibiawere cut perpendicular to the
mechanical axis. In the sagittal plane, the femoral flexion angle was
set as the angle between themechanical axis and the anterior distal
femoral cortex line. The tibial posterior slope was set to 2 degrees.

Postoperatively, anterioreposterior radiographs of the lower
limb were obtained for evaluation of the hip-knee-ankle (HKA)
angle, femoral component angle (FCA), and tibial component angle
Figure 1. Postoperative lower limb alignment. (a
(TCA). Lateral radiographs of the lower limb were obtained for
evaluation of sagittal FCA and sagittal TCA. The HKA angle was
defined as the angle between the line connecting the center of the
femoral head to the center of the knee joint (femoral mechanical
axis) and the center of the knee joint to the center of the ankle joint
(tibial mechanical axis). FCA was defined as the angle between the
femoral mechanical axis and the joint surface line of the femoral
implant. TCA was defined as the angle between the tibial
mechanical axis and the base plate of the tibial implant (Fig. 1a).
Sagittal FCA was defined as the angle between the femoral
mechanical axis and the distal end of the femur. Sagittal TCA was
defined as the angle between the tibial mechanical axis and the
base plate of the tibial implant (Fig. 1b). Outliers were defined as
follows: more than 180 ± 3 degrees for the HKA angle; more than
90 ± 3 degrees for the FCA and TCA; and femoral flexion set angle
) Coronal alignment. (b) Sagittal alignment.



Table 1
Postoperative coronal and sagittal lower limb alignment and outliers more than 3
degrees.

Measure Value (mean ± SD, degrees) Outliers (N, %)

HKA angle 179.3 ± 2.6 4, 10
FCA 88.6 ± 1.7 3, 8
TCA 89.4 ± 1.2 0, 0
Sagittal FCA 86.4 ± 2.7 6, 19
Sagittal TCA 85.9 ± 1.8 3, 9

SD, standard deviation.

Table 3
Preoperative and postoperative JKOM.

Subgroup Preoperative
(mean ± SD)

Postoperative
(mean ± SD)

P-value

VAS 67.2 ± 21.6 24.9 ± 27.3 P < .001a

Pain and stiffness 19.6 ± 6.0 9.0 ± 7.0 P < .001a

Daily life 22.6 ± 8.4 12.0 ± 8.1 P < .001a

General activities 13.9 ± 6.4 7.0 ± 5.8 P < .001a

Health conditions 5.0 ± 1.6 2.5 ± 1.7 P < .001a

Total 60.8 ± 19.7 30.1 ± 20.2 P < .001a

VAS, visual analog scale; SD, standard deviation.
a A significant difference between preoperative and postoperative scores on

ManneWhitney's U test.
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more than ±3 degrees in sagittal FCA and more than 88 ± 3 degrees
in sagittal TCA.

Clinical outcomes were evaluated by the preoperative and
postoperative Japanese Orthopedic Association (JOA) score for
osteoarthritic knees as an objective assessment. The JOA score
consists of 4 subgroups: pain on walking (30-point scale), pain on
ascending or descending stairs (25-point scale), range of motion
(35-point scale), and joint effusion (10-point scale). The total score is
on a 100-point scale, and a higher score means a good clinical
outcome [6]. Also, the preoperative and postoperative Japanese
Knee Osteoarthritis Measure (JKOM) and the postoperative New
Knee Society Score (New KSS) were used as self-reported assess-
ments. The JKOM consists of a visual analog scale (100-mmmethod)
and the following 4 subgroups: pain and stiffness (32-point scale),
daily life (40-point scale), general activities (20-point scale), and
health conditions (8-point scale). The total score, excluding the
visual analog scale, is a 100-point scale, and a lower score means a
good clinical outcome [7]. The New KSS consists of 4 subgroups:
symptoms (25-point scale), satisfaction (40-point scale), expecta-
tion (40-point scale), and function (100-point scale). A higher score
means good clinical outcomes in each subgroup [8].

Statistical comparisons between preoperative and postoperative
clinical scores (JOA score and JKOM) were performed using Man-
neWhitney's U test. Significance was set at P < .05 for all analyses.
All data were analyzed using EZR (Saitama Medical Center, Jichi
Medical University, Saitama, Japan), which is a graphical user
interface for R, version 2.13.0 (The R Foundation for Statistical
Computing) [9].

Results

Anterioreposterior radiographs of the lower limbs and clinical
outcomes were evaluated in all of the 40 enrolled knees, whereas
lateral radiographs of the lower limbs were evaluated for 32 knees.

Postoperative lower limb alignment is presented in Table 1. The
average HKA angle was 179.3 ± 2.6 degrees, and 10% were outliers.
The frequency of outliers was the lowest for TCA (0%) and the
highest for sagittal FCA (19%). For sagittal TCA, no cases were more
extended than 88 degrees.
Table 2
Preoperative and postoperative JOA scores.

Subgroup Preoperative
(mean ± SD)

Postoperative
(mean ± SD)

P-value

Walking 13.9 ± 5.4 27.5 ± 4.0 P < .001a

Stairs 5.1 ± 3.4 19.3 ± 7.1 P < .001a

Range of motion 24.0 ± 4.0 26.0 ± 4.0 P ¼ .21
Swelling 8.1 ± 3.0 9.8 ± 1.1 P ¼ .007a

Total 51.1 ± 9.7 82.3 ± 10.0 P < .001a

SD, standard deviation.
a A significant difference between preoperative and postoperative scores on

ManneWhitney's U test.
Clinical outcomes are presented in Tables 2-4. The postoperative
JOA score was significantly improved, except for range of motion.
Postoperative JKOM was significantly improved in all subgroups.
The New KSS percentages were 67.2% for symptoms, 50.3% for
satisfaction, 58.6% for expectation, and 44.1% for function.

Discussion

For lower limb alignment after TKA using the KneeAlign 2 sys-
tem, outliers were seen in 10% for the HKA angle, 8% for FCA, 0% for
TCA, 19% for sagittal FCA, and 9% for sagittal TCA.

Jeffery et al. [10] reported that varus alignment more than
3 degrees for the HKA angle was a risk factor for poor long-term
results after TKA. Previous studies reported that outliers more
than 3 degrees for the HKA angle were seen in 21%-28% with the
conventional method, 11%-14% with CAS, and 9% with PMI [11-13].
Nam et al. [13] compared coronal alignment after TKA using the
KneeAlign 2 system and CAS. They reported that outliers more than
3 degrees were seen in 7.5/13.7% for the HKA angle, 1.3/5% for FCA,
and 0/0% for TCA with KneeAlign 2 system/CAS; thus, KneeAlign
2 system showed significantly better alignment for the HKA angle
and FCA. Compared with these studies, the present results showed
good coronal lower limb alignment after TKA using the KneeAlign
2 system.

There have been a few studies of sagittal alignment after TKA.
Nam et al.[14] reported that outliers more than 2 degrees in sagittal
alignment of the tibial component were seen in 5% of the KneeAlign
cohort and 28% of the conventional cohort, with the KneeAlign
cohort showing significantly better sagittal alignment. Outliers
more than 3 degrees for sagittal TCAwere seen in 9% of the present
study; these results show good sagittal alignment after TKA using
the KneeAlign 2 system. Furthermore, no cases were more
extended than 88 degrees in sagittal TCA. Some reports showed
that an extended position of the tibial component caused loss of
flexion angle, loosening, and dislocation of the polyethylene insert
[15-18]. Because no cases showed an extended position of the tibial
component in the present study, there was a low risk for such
problems using the KneeAlign 2 system.

Outliers more than 3 degrees for sagittal FCAwere seen in 19% of
the present study, which was the highest percentage on
Table 4
Postoperative New KSS.

Subgroup Score (mean ± SD) Percentage (mean ± SD, %)

Symptoms 16.8 ± 6.3 67.2 ± 25.3
Satisfaction 20.1 ± 8.4 50.3 ± 21.0
Expectation 8.8 ± 2.7 58.6 ± 18.1
Function 44.1 ± 21.1 44.1 ± 21.1

SD, standard deviation.



Table 5
Postoperative clinical outcomes in previous studies and the present study.

Authors N JOA score JKOM New KSS

Total Total Symptoms Satisfaction Expectation Function

Horikawa (2015) 50 81.1 21.7
Sugita (2015) 40 37.0
Kawahara (2014) 92 19.6 23.6 10.5 49.3
Nakahara (2015) 387 23.1 9.6
This study 40 82.3 30.1 16.8 20.1 8.8 44.1
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radiographic assessment. Two reasons may explain why this was
the highest percentage: surgical technique and radiographic
assessment. In surgical technique, there might be a risk of
mismatch between the mechanical axis during operation and the
assessment axis in radiographs after operation. The reason for this
mismatch was variation of the distal femoral pin insertion in each
case, bone-saw technique avoiding the anterior notch, and moving
the center of the femoral head by motion of the pelvis when
detecting the center of the femoral head. In radiographic assess-
ment, there might be some inaccurate lateral radiographs; there
have been few studies of sagittal alignment after TKA, and how to
assess TKA sagittal alignment has not been well defined. To resolve
these problems, assessment of the KneeAlign 2 system's accuracy,
correct position when taking the radiograph, and 3-dimensional
assessment using computed tomography are needed.

Postoperative clinical outcomes in TKA using the KneeAlign 2
system were significantly improved for both the JOA score and
JKOM. Previous studies of clinical outcomes after TKA with con-
ventional technique are shown in Table 5 [19-22]. The present
results were good for the JOA score, JKOM, and New KSS compared
with previous studies. Matsuda et al.[23] reported that varus lower
limb alignment after TKA resulted in poor self-reported clinical
outcomes using the New KSS. Gothesen et al.[24] reported that TKA
using CAS achieved better alignment and clinical alignment than
conventional technique. Iorio et al.[25] reported that using the
KneeAlign 2 system for tibial cutting resulted in good tibial align-
ment and self-reported clinical outcomes postoperatively. In the
present study, using the KneeAlign 2 system led to good lower limb
alignment and good clinical outcomes both on objective and on
self-reported assessments. Good lower limb alignment might pre-
vent abnormal load distribution and lead to good clinical outcomes.
Moreover, straight legs might satisfy patients and lead to good
self-reported clinical outcomes.

There are some limitations in this study. First, there was no
control group because all TKAs in this period were performed using
the KneeAlign 2 system. A prospective study with other methods
(conventional method, CAS, and PMI) should be performed to show
the usefulness of the KneeAlign 2 system for TKA in the future.
Second, sample size was small and the follow-up periods were
short (14.6 months). Because the KneeAlign 2 system was released
in 2014 in Japan, sample size must still be small and the follow-up
period must still be short, so large sample size and long-term
clinical results will need to be examined in the future. Third, the
timing of clinical outcome assessment was not the same. However,
in all cases, follow-up was for at least 6 months, and good results
were achieved.

Conclusions

TKA using an accelerometer-based portable navigation device
achieved good short-term results for both lower limb alignment
and clinical outcomes. Both objective scores and self-reported
clinical outcomes were good. An accelerometer-based portable
navigation device was a useful tool for TKA.
References

[1] Ritter MA, Faris PM, Keating EM, Meding JB. Postoperative alignment of total
knee replacement. Its effect on survival. Clin Orthop Relat Res 1994;299:153.

[2] Hiscox CM, Bohm ER, Turgeon TR, Hedden DR, Burnell CD. Randomized trial of
computer-assisted knee arthroplasty: impact on clinical and radiographic
outcomes. J Arthroplasty 2011;26:1259.

[3] Baldini A, Adravanti P. Less invasive TKA: extramedullary femoral reference
without navigation. Clin Orthop Relat Res 2008;466:2694.

[4] Ng VY, DeClaire JH, Berend KR, Gulick BC, Lombardi Jr AV. Improved accuracy
of alignment with patient-specific positioning guides compared with manual
instrumentation in TKA. Clin Orthop Relat Res 2012;470:99.

[5] Huang EH, Copp SN, Bugbee WD. Accuracy of a handheld accelerometer-based
navigation system for femoral and tibial resection in total knee arthroplasty.
J Arthroplasty 2015;30:1906.

[6] Okuda M, Omokawa S, Okabayashi K, Akahane M, Tanaka Y. Validity and
reliability of Japanese Orthopaedic Association score for osteoarthritic knees.
J Orthop Sci 2012;17:750.

[7] Akai M, Doi T, Fujino K, Iwaya T, Kurosawa H, Nasu T. An outcome measure for
Japanese people with knee osteoarthritis. J Rheumatol 2005;32:1524.

[8] Scuderi GR, Bourne RB, Noble PC, Benjamin JB, Lonner JH, Scott WN. The new
Knee Society knee scoring system. Clin Orthop Relat Res 2012;470:3.

[9] Kanda Y. Investigation of the freely available easy-to-use software 'EZR' for
medical statistics. Bone Marrow Transplant 2013;48:452.

[10] Jeffery RS, Morris RW, Denham RA. Coronal alignment after total knee
replacement. J Bone Joint Surg Br 1991;73:709.

[11] Huang TW, Peng KT, Huang KC, Lee MS, Hsu RW. Differences in component
and limb alignment between computer-assisted and conventional surgery
total knee arthroplasty. Knee Surg Sports Traumatol Arthrosc 2014;22:2954.

[12] Daniilidis K, Tibeshu CO. A comparison of conventional and patient-specific
instruments in total knee arthroplasty. Int Orthop 2014;38:503.

[13] Nam D, Weeks KD, Reinhardt KR, Nawabi DH, Cross MB, Mayman DJ.
Accelerometer-based, portable navigation vs imageless, large-console
computer-assisted navigation in total knee arthroplasty: a comparison of
radiographic results. J Arthroplasty 2013;28:255.

[14] Nam D, Cody EA, Nguyen JT, Figgie MP, Mayman DJ. Extramedullary guides
versus portable, accelerometer-based navigation for tibial alignment in total
knee arthroplasty: a randomized, controlled trial: winner of the 2013 HAP
PAUL award. J Arthroplasty 2014;29:288.

[15] Walker PS, Garg A. Range of motion in total knee arthroplasty. A computer
analysis. Clin Orthop Relat Res 1991;262:227.

[16] Bellemans J, Robijns F, Duerinckx J, Banks S, Vandenneucker H. The influence
of tibial slope on maximal flexion after total knee arthroplasty. Knee Surg
Sports Traumatol Arthrosc 2005;13:193.

[17] Dorr LD, Boiardo RA. Technical considerations in total knee arthroplasty. Clin
Orthop Relat Res 1986;205:5.

[18] Waelchli B, Romero J. Dislocation of the polyethylene inlay due to anterior
tibial slope in revision total knee arthroplasty. Knee Surg Sports Traumatol
Arthrosc 2001;9:296.

[19] Horikawa A, Miyakoshi N, Shimada Y, Kodama H. Comparison of clinical
outcomes between total knee arthroplasty and unicompartmental knee
arthroplasty for osteoarthritis of the knee: a retrospective analysis of preop-
erative and postoperative results. J Orthop Surg Res 2015;10:168.

[20] Sugita T, Kikuchi Y, Aizawa T, Sasaki A, Miyatake N, Maeda I. Quality of life after
bilateral total knee arthroplasty determined by a3-year longitudinal evaluation
using the Japanese knee osteoarthritis measure. J Orthop Sci 2015;20:137.

[21] Kawahara S, Okazaki K, Matsuda S, Nakahara H, Okamoto S, Iwamoto Y.
Internal rotation of femoral component affects functional activities after
TKA-survey with the 2011 Knee Society Score. J Arthroplasty 2014;29:2319.

[22] Nakahara H, Okazaki K, Mizu-Uchi H, et al. Correlations between patient
satisfaction and ability to perform daily activities after total knee arthroplasty:
why aren't patients satisfied? J Orthop Sci 2015;20:87.

[23] Matsuda S, Kawahara S, Okazaki K, Tashiro Y, Iwamoto Y. Postoperative alignment
andROMaffect patient satisfactionafter TKA.ClinOrthopRelatRes 2013;471:127.

[24] Gothesen O, Espehaug B, Havelin LI, et al. Functional outcome and alignment
in computer-assisted and conventionally operated total knee arthroplasty.
Bone Joint J 2014;96-B:609.

[25] Iorio R, Mazza D, Drogo P, et al. Clinical and radiographic outcomes of an
accelerometer-based system for the tibial resection in total knee arthroplasty.
Int Orthop 2015;39:461.

http://refhub.elsevier.com/S2352-3441(17)30176-0/sref1
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref1
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref2
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref2
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref2
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref3
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref3
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref4
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref4
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref4
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref5
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref5
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref5
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref6
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref6
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref6
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref7
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref7
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref8
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref8
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref9
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref9
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref10
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref10
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref11
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref11
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref11
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref12
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref12
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref13
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref13
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref13
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref13
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref14
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref14
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref14
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref14
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref15
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref15
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref16
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref16
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref16
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref17
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref17
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref18
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref18
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref18
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref19
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref19
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref19
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref19
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref20
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref20
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref20
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref21
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref21
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref21
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref22
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref22
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref22
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref23
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref23
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref24
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref24
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref24
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref25
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref25
http://refhub.elsevier.com/S2352-3441(17)30176-0/sref25

	Radiographic assessment and clinical outcomes after total knee arthroplasty using an accelerometer-based portable navigatio ...
	Introduction
	Material and methods
	Results
	Discussion
	Conclusions
	References


