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A B S T R A C T 

 

Introduction 

Total knee arthroplasty is one of the most common surgical procedures 

performed in the United States. As of 2010, over 600,000 TKA are 

performed annually [1]. This number is expected to increase by over 

800% by 2050 [2]. Most orthopaedic surgeons strive to achieve neutral 

mechanical alignment; but, the means to accurately and reproducibly 

achieve these results remains controversial [3-5]. Historically, many 

orthopaedic surgeons have performed TKA with the use of conventional 

intramedullary cutting guides [6, 7]. Fortunately, there have been 

technological advancements to address the potential for malalignment 

and early-term revision. Current options include custom cutting blocks, 

robotic-assisted navigation, computer-assisted navigation (CAS), and 

more recently, accelerometer-based portable navigation (ABN). Benefits 

touted of ABN include accuracy, portability, simplicity in design and 

ease of use [8, 9]. With advanced technology, there is often additional 

Background: There have been significant advancements to restore knee alignment postoperatively in the 

TKA population. This includes the use of accelerometer-based portable navigation (ABN). ABN can lead 

to a more precise restoration of the neutral mechanical axis, improve efficiency and potentially decrease 

early- and long-term complications. The degree with which ABN can achieve this remains unclear. We 

performed a systematic review to answer this question. 

Methods: We performed a systematic review in accordance with Cochrane guidelines of controlled studies 

(prospective and retrospective) in MEDLINE with an emphasis on studies comparing postoperative 

outcomes such as mechanical axis alignment, operative time, blood loss, complications and clinical outcome 

scores in total knee arthroplasty patients using ABN versus conventional intramedullary guides.  

Results: ABN was associated with significantly fewer outliers in hip-knee-ankle alignment (p = 0.0006), 

femoral component alignment (p < 0.0001). ABN was associated with significantly less estimated blood 

loss (p = 0.05) and no difference in operative times (p = 0.21). Finally, there was no difference regarding 

functional outcomes or DVT.  

Conclusion: ABN more accurately achieves neutral mechanical alignment with a smaller incidence of 

outliers. There was not an increase in operative time with using ABN and there were reductions in blood 

loss as well. We conclude that ABN offers the benefit of improved mechanical alignment. 
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associated cost including advanced preoperative imaging, such as 

computed tomography or MRI. 

 

ABN does not require advanced imaging and offers an open platform 

which can be utilized with any knee arthroplasty system. In addition, 

there is not the need for large upfront capital costs associated with 

utilizing large CAS based or robotic-assisted systems. Further benefits 

compared to conventional guides include no violation of the 

intramedullary canal and potentially reducing blood loss and the risk of 

fat embolism [10]. These accelerometer-based navigation devices use 

microelectromechanical systems accelerometer and gyroscope 

technology to reference landmarks on the distal femur allowing 

adjustments in both sagittal and coronal resection planes. Proponents of 

ABN have suggested that this can lead to a more precise restoration of 

the neutral mechanical axis, decrease in surgical time due to more 

accurate initial bone resections to achieve proper balance and decrease 

in patient complications due to preservation of the femoral 

intramedullary canal. While the results associated with CAS, custom 

cutting blocks and now robotic-assisted navigation have been published, 

few studies have looked at the results associated with ABN. 

 

While importance has been placed on the long-term survival of TKA 

implant designs and their functional outcomes, early-term outcomes 

have become of paramount interest recently with the implementation of 

the comprehensive care for joint replacement (CJR) that has aimed at 

curbing rising economic costs of TKA while providing high-level care 

[11]. While modifiable risk factors such as diabetes and preoperative 

anemia can be addressed prior to surgery, length of stay and discharge 

disposition can add cost to the episode of care and affect the bundle [12]. 

Readmissions following TKA for medical and surgical complications 

such as manipulation can be “bundle busters,” and thus attempts at 

reducing this need to be made [13, 14]. To date, little work has been done 

to examine if the use of ABN can be another potentially modifiable risk 

factor for helping to avoid a “bundle buster” [14]. In an effort to 

determine if ABN achieves its purported benefits, we conducted a 

systematic literature review to answer the following questions in the 

study: Does ABN achieve neutral mechanical alignment more reliably 

during TKA when compared with conventional guides? Does the use of 

ABN lead to improved clinical results after TKA when compared with 

conventional guides? 

 

Search Strategy and Criteria 

 

We performed a systematic review of prospective and retrospective 

studies related to the use of accelerometer-based portable navigation 

systems in total knee arthroplasty using the MEDLINE database. 

Relevant studies within this database were identified with the search 

headings: (knee (arthroplasty or replacement) and (portable navigation 

or accelerometer-based navigation). A literature search was performed 

in October 2018 and found 24 articles using MEDLINE [8-10, 15-35]. 

The abstracts of these articles were reviewed to determine their relevance 

to the study questions proposed (Figure 1). Six studies were identified 

and included. The lead author performed this search and the results were 

agreed on by all other authors. Of the six studies identified, two were 

Level I, one was Level II and three were Level III.  

 

Of the six studies investigating whether portable navigation achieved 

neutral alignment more reliably than conventional methods, two 

provided Level 1 evidence, one provided Level II evidence and three 

provided Level III evidence [10, 27, 28, 30, 33, 35]. Finally, of the six 

studies investigating whether portable navigation translates to improved 

clinical results, one provided Level 1 evidence, one provided Level II 

evidence and three provided Level III evidence [10, 28, 30, 33, 35]. 

Studies reviewed differed with respect to their level of evidence ranging 

from Level I studies to Level III. The strength of the two Level I 

randomized control studies was verified using the modified Jaded 

scoring system and the included retrospective studies were evaluated 

with the Newcastle-Ottawa grading system [36, 37]. All included studies 

were thoroughly reviewed, and final conclusions were made after all 

authors reached a consensus. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: The preferred reporting items for systematic reviews and 

meta-analyses (PRISMA) flow diagram for selection of studies based on 

inclusion criteria during systematic review. 

 

Statistical Analysis 

 

The outcome measures analysed for the first study question included 

coronal and sagittal alignment and the presence of outliers from the 

targeted postoperative prosthetic alignment (Table 1). For the second 

study question, there was a focus on the amount of blood loss, need for 

blood transfusion, operative time, postoperative complications including 

the incidence of DVT/PE, amount of blood loss and changes in knee 

function scores (Tables 2 & 3). Meta-analyses were performed to 

compare instrumentation accelerometer-based navigation (ABN) to 

intramedullary (IM) instrumentation using Review Manager 5.3 (The 

Cochrane Collaboration, The Nordic Cochrane Centre, Copenhagen).  
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Table 1: Summary of data regarding ABN vs. Conventional Guides for Alignment. 

Author & Year Sample Size Level of Evidence Conclusion 

Ueyama et al., 2018 [31] 159 III Decreased outliers with portable navigation vs. conventional in the femoral coronal and 

sagittal planes 3% vs. 15% and 15% vs. 43% respectively (p <0.01) 

Moo et al., 2018 [29] 60 III No difference in proportion of outliers in the mechanical axis (p = 0.38) 

Kawaguchi et al., 2017 [24] 67 III Coronal femoral angle closer to perpendicular and fewer outliers in the femoral coronal 

plane only (p < 0.01) 

Goh et al., 2018 [26] 114 II Improved mean mechanical axis (p = 0.018), femoral component alignment (p = 0.050), 

and tibial component alignment (p = 0.008), fewer mechanical axis outliers (p = 0.034) 

Ikawa et al., 2017 [10] 241 I Significantly fewer patients having alignment >3° from neutral with ABN. Mean 

deviation from neutral significantly less with ABN. 

Gharaibeh et al., 2017 [23] 179 I No difference in coronal or sagittal plane alignment 

 

Table 2: Summary of data for ABN vs. Conventional Guides for Blood Loss and Operative Time. 

Author & Year Sample Size Level of Evidence Conclusion 

Ueyama et al., 2018 [31] 159 III No requirement for blood transfusion and no increase in operative time  

Moo et al., 2018 [29] 60 III No difference in transfusion incidence of duration of surgery  

Kawaguchi et al., 2017 [24] 67 III Decreased blood loss with no difference in duration of surgery   

Goh et al., 2018 [26] 114 II No difference in duration of surgery  

Ikawa et al., 2017 [10] 241 I No requirement for blood transfusion. Distal femoral resection time was longer 5.6 

minutes vs. 2.9 minutes  

Gharaibeh et al., 2017 [23] 179 I No difference in duration of surgery  

 

Table 3: Summary of data for ABN vs. Conventional Guides for Complications and Patient Reported Outcomes. 

Author & Year Sample Size Level of Evidence Conclusion 

Ueyama et al., 2018 [31] 159 III No requirement for blood transfusion and no difference in incidence of DVT/PE 

Moo et al., 2018 [29] 60 III No patients developed wound complications or major morbidity in the early post 

operative period (30 days) 

Kawaguchi et al., 2017 [24] 67 III Less blood loss, no complications, no difference in 1-year post operative ROM, Knee 

society score, or knee function score 

Goh et al., 2018 [26] 114 II No complications, no difference in 2-year post operative ROM, Knee society score, knee 

function score, or oxford knee score 

Ikawa et al., 2017[10] 241 I Decreased blood loss, no requirement for transfusion, no incidence of DVT/PT 

 

Results 

 

I Is Portable Navigation Able to Achieve Neutral Mechanical 

Alignment More Consistently During TKA?  

 

Regarding hip-knee-axis outliers, 75% of the studies found that ABN 

had fewer outliers compared to conventional guides [27, 28, 30]. One 

study did not find a difference between the ABN and conventional 

guides [33]. When pooling data from the included studies, ABN was 

associated with significantly fewer outliers in hip-knee-ankle alignment 

(p = 0.0006) (Figure 2). For femoral component coronal alignment, all 

six studies found that ABN had fewer outliers compared to conventional 

guides (Figure 3). Of those, 4 found statistically significant differences 

favoring the use of ABN to achieve coronal alignment with the distal 

femoral resection [10, 28, 30, 35]. When pooling the data from the 

included studies, ABN was associated with significantly fewer outliers 

for femoral coronal alignment compared to conventional guides 

(p<0.01). 

 

 

 

 

 

 

 

 

 

Figure 2: Forest plot of hip-knee-ankle axis outliers in accelerometer-based navigation (ABN) versus intramedullary guide (IM). 

 

For femoral component sagittal alignment, 75% of the studies found that 

ABN had fewer outliers compared to conventional guides (Figure 4). Of 

those, one study found a statistically significant difference favoring the 

use of ABN to achieve proper sagittal alignment with the distal femoral 

resection [35]. When pooling the data from the included studies, ABN 

was associated with significantly fewer outliers for the femoral sagittal 
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alignment compared to conventional guides (p<0.01). For tibial 

component coronal alignment, all five studies found that ABN had fewer 

outliers compared to conventional guides (Figure 5) [27, 28, 30, 33, 35]. 

However, these differences were not statistically significant. In addition, 

the pooled data from the included studies failed to find a difference 

between the two methods. For tibial component sagittal alignment, two 

of the three studies found that ABN had fewer outliers compared to 

conventional guides (Figure 6) [27, 35]. However, these differences 

were not statistically significant. In addition, the pooled data from the 

included studies failed to find a difference between the two methods. 

 

 

 

 

 

 

 

 

 

 

Figure 3: Forest plot of femoral coronal alignment outliers in accelerometer-based navigation (ABN) versus intramedullary guide (IM). 

 

 

 

 

 

 

 

 

 

 

Figure 4: Forest plot of femoral sagittal alignment outliers in accelerometer-based navigation (ABN) versus intramedullary guide (IM). 

 

 

 

 

 

 

 

 

Figure 5: Forest plot of femoral axis alignment outliers in accelerometer-based navigation (ABN) versus intramedullary guide (IM). 

 

 

 

 

 

 

 

 

 

 

Figure 6: Forest plot of tibial coronal alignment outliers in accelerometer-based navigation (ABN) versus intramedullary guide (IM). 

 

 

 

 

 

 

 

 

 

 

Figure 7: Forest plot of tibial sagittal alignment outliers in accelerometer-based navigation (ABN) versus intramedullary guide (IM). 
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II Does Portable Navigation Provide Any Clinical Benefit for 

Patients Undergoing TKA? 

 

For this review, we utilized the need for transfusion and duration of 

surgery as a means to assess the clinical and financial benefit of using 

portable navigation. Previous studies have found that the raw cost per 

unit of blood transfused is approximately $200 and the cost of operating 

room use ranges from $22 to $133 [38, 39]. For blood loss, two of the 

three studies found that ABN had statistically significant less blood loss 

compared to conventional guides (Figure 7) [10, 28]. On average, ABN 

cases had 586.2 mL of blood loss compared to 726.2 mL. When pooling 

this data from the three studies, ABN was associated with significantly 

less blood loss compared to conventional guides (p<0.01). None of the 

patients in those studies required transfusion in either the ABN or 

conventional guides. While there was less blood loss with regard to using 

ABN, this did not translate into a cost savings given the lack of 

transfusions. For the duration of surgery, the use of ABN was found to 

take on average of 2.7 minutes longer compared to conventional guides. 

When pooling the data from the six studies, there was not a significant 

difference in the operative times between ABN and conventional guides 

(p>0.05) (Figure 8) [10, 27, 28, 30, 33, 35]. 

 

 

 

 

 

 

 

 

Figure 8: Forest plot of blood loss in accelerometer-based navigation (ABN) versus intramedullary guide (IM). 

 

III Does Portable Navigation Lead to Improved Clinical Results 

After TKA 

 

To assess clinical results, we reviewed the incidence of postoperative 

complications including blood loss, incidence of DVT/PE and patient-

reported outcomes including knee society score and knee function score. 

For the three studies that evaluated for differences in DVT/PE or wound 

complications, there was not a significant difference between ABN and 

conventional guides [28, 33, 35]. When comparing ABN versus 

conventional guides for differences in patient reported outcomes, there 

were two studies that included this data [28, 30]. There was not a 

statistically significant difference between ABN and conventional 

guides regarding Knee Society Scores and Knee Function Scores. When 

the data was pooled between the two studies to detect a difference, there 

still was not a significant difference between the two resection methods 

about patient outcomes (Figures 9-11). 

 

 

 

 

 

 

 

 

 

 

Figure 9: Forest plot of total operative time in accelerometer-based navigation (ABN) versus intramedullary guide (IM). 

 

 

 

 

 

 

 

 

Figure 10: Forest plot of Knee Society Scores in accelerometer-based navigation (ABN) versus intramedullary guide (IM). 

 

 

 

 

 

 

 

 

Figure 11: Forest plot of Knee Function Scores in accelerometer-based navigation (ABN) versus intramedullary guide (IM). 

 J Surg Rehabil doi: 10.31487/j.JSR.2020.01.05     Volume 1(1): 5-8 



Systematic Review of Accelerometer Based Navigation in Total Knee Arthroplasty              6 

 

Discussion 

 

Previous studies have demonstrated that mechanical alignment, 

specifically achieving a neutral mechanical axis, is crucial for a 

successful total knee arthroplasty [3, 40]. The most common practice 

during arthroplasty is the use of an extramedullary tibial alignment guide 

and an intramedullary femoral alignment guide [41]. Previous studies 

have shown that these guides may not consistently provide the most 

accurate knee alignment [6, 31]. A meta-analysis by Mason et al. 

demonstrated that computer-assisted resections achieved femoral 

varus/valgus alignment and tibial varus/valgus alignment closer to the 

mechanical axis than conventional methods [6]. Unfortunately, these 

computer-assisted navigation systems have many drawbacks including a 

long learning curve, longer operative times and increased costs [9, 23]. 

These issues with CAS have led to the development of accelerometer-

based navigation systems.  

 

A previous study by Goh et al. found that compared to CAS, ABN cost 

significantly less, has a shorter learning curve, and reduces operative 

times [23]. Thus, in an attempt to determine if this new technology can 

provide benefit, we performed a systematic review to determine the 

validity that ABN can achieve more reliable mechanical alignment and 

improved clinical results while being a cost-effective solution. As with 

any study, the current work has limitations. The first limitation is a small 

sample size of included articles in this review. The literature on 

accelerometer-based navigation is sparse which contributed to our small 

number of studies. Furthermore, of the six included studies, only two 

were Level 1 evidence. With any systematic review, each included study 

is subject to inherent bias. These biases can potentially affect the 

synthesis of ultimate conclusions.  

 

Finally, all the included studies were authored by high volume 

arthroplasty surgeons which, when comparing the difference in operative 

time or incidence of mechanical axis outliers between ABN and 

conventional methods, would not be as readily apparent as when 

compared to low-volume surgeons. As with any newer technology, there 

could also be a learning curve to adopting newer technology such as 

ABN. Thus, the potential advantages of using ABN by these experienced 

surgeons who were accustomed to using conventional methods could 

have introduced some learning curve bias into the results and impeded 

some of the potential advantages of ABN. Regarding whether ABN 

provides a proven benefit over conventional guides for postoperative 

alignment, ABN was found to have improved long-leg alignment 

compared to conventional guides. In addition, the femoral coronal and 

sagittal alignments were more accurate compared to conventional 

guides.  

 

As Fang et al. demonstrated that coronal malalignment following total 

knee arthroplasty can lead to lower survival rates, the importance of 

achieving proper coronal alignment has long-term consequences on 

revision rates [4]. While the importance of sagittal alignment should not 

be disregarded, sagittal malalignment can often be better tolerated by the 

patient as this lies in the flexion/extension arc of the limb and thus, 

outliers are often tolerated by the patient. These outliers typically do not 

have an effect on their functional outcome and not affect the long-term 

survival of the implant. However, varus and valgus outliers for coronal 

alignment can lead to improper ligament tension and lead to potentially 

increased loading to the implants [4]. Besides the potential for increased 

revision rates as a result of malalignment, malalignment can also lead to 

instability [42]. The ability to achieve proper balance at the conclusion 

of the procedure revolves around proper femoral and tibial resections 

with soft tissue releases. Inaccurate distal femoral resections can lead to 

coronal instability. The use of conventional guides for the distal femoral 

resection is challenging and there is variability in the valgus angle 

needed to restore proper alignment [43, 44].  

 

The ability to accommodate for different femoral neck offsets and 

precisely target a specific distal femoral resection angle has the potential 

to obviate malalignment related revision. Nam et al. demonstrated that 

using ABN was found to have over 95% accuracy regarding the femoral 

mechanical axis and there was only 0.83o variance in a cadaveric study 

between a preoperative target and actual alignment when using ABN [8, 

18]. Thus, as our review found, the use of ABN achieves more accurate 

long-leg alignment with fewer outliers, especially with the distal femoral 

resection. With total knee arthroplasty being performed in the outpatient 

setting, reducing potential complications including blood transfusions or 

fractures has become even more important [45]. As discussed earlier, the 

use of ABN was associated with fewer sagittal alignment outliers.  

 

While a sagittal alignment for the femoral component is often tolerated 

by the patient, if a severe extension of the femoral implant occurs, this 

often is associated with a notch in the anterior femoral cortex. This can 

lead to the weakening of the distal femur and potential for supracondylar 

femur fracture [46]. Besides this potential complication, ABN also does 

not violate the canals of the femur or the tibia. As our study found 

significant reductions in blood loss with ABN, this can potentially 

reduce the incidence of painful hematomas or wound drainage. While 

there was not a difference in the need for transfusion, the use of ABN for 

those performing tourniquetless knee arthroplasty might see a larger 

need to use ABN to avoid increases in blood loss and potential for 

transfusion due to increased intraoperative blood loss [47]. Further 

studies are needed to evaluate this potential benefit of ABN in 

tourniquetless TKA. 

 

The use of computer-assisted navigation is often associated with longer 

surgical times [48]. However, our study failed to find a significant 

difference in operative times between ABN and conventional guides. 

The use of ABN was associated with an average of 2.7 minutes longer 

compared to conventional guides. While ABN might not be timesaving 

during the operation itself, the unseen advantage of using ABN is the 

potential for fewer instrument trays needed for the procedure. Similar to 

those using patient-specific instrumentation (PSI), ABN requires 

opening the 4-1 femoral cutting block without the need to open 

additional instrument pans for the distal femur and tibial cuts. Thus, the 

femoral cutting block can be peel packed and opened once the proper 

size is determined. Similarly, the tibial baseplate can be opened once 

sizing is determined. The time savings can come from fewer instrument 

trays that need to be turned over between cases [49, 50]. The reduced 

costs associated with a reduction in instrument turnover is one of the 

potential hidden savings with using ABN and is the study of further 

research. 

 

There is an associated cost with using ABN, much like there are 

associated capital costs with using CAS. ABN is not associated with the 

large upfront costs, but the use of these navigation units can be 

substantial. Our institutional use of ABN is associated with an increased 

 J Surg Rehabil doi: 10.31487/j.JSR.2020.01.05     Volume 1(1): 6-8 



Systematic Review of Accelerometer Based Navigation in Total Knee Arthroplasty               7 

 

cost of $600 per case. In an era of bundled payments, clinical benefit 

needs to be demonstrated to prove its use as any additional cost will 

affect the overall costs within the episode of care [12]. Our study did not 

find improvements in the patient-reported outcomes and it remains to be 

seen if ABN can reduce readmissions within this new era of cost 

containment and avoid the “bundle buster”. There is the potential to be 

reimbursed for the use of ABN as CPT coding allows for the use of 

20985, which is the code used for computer-assisted navigation for a 

musculoskeletal procedure, imageless. This is associated with an RVU 

amount of 2.5. Thus, there is potential to help offset the cost associated 

with the use of ABN. 

 

In summary, we believe that valid conclusions can be drawn from this 

review. Based on this systematic review, it appears that when compared 

to conventional methods, ABN more accurately achieves neutral 

mechanical alignment and femoral coronal and sagittal component 

alignment with a smaller incidence of outliers. Compared to 

conventional instrumentation, ABN had less blood loss and equivalent 

operative time. Further research is needed to determine if there is 

potential for ABN to be cost-effective with reduced readmissions in the 

early-term and reduced revisions in the long-term to justify its cost 

associated with use. 
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