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Abstract 

Background: Restoration of the hip-knee-ankle (HKA) angle to within 3 of the neutral mechanical 

axis is considered a well-aligned total knee arthroplasty (TKA), with outliers associated with higher 

failure rates. Thus, efforts to improve intraoperative surgical accuracy are of strong clinical interest. 

This study evaluated the accuracy and safety of a novel, imageless, computer-assisted navigation system 

(CAS) for TKA.  

Methods: 112 consecutive patients who underwent primary TKA between January-December 2020 

with 2 board-certified, high-volume orthopedic surgeons using the same imageless CAS were 

retrospectively reviewed. Patient age, BMI, sex, postoperative complications, and reoperations were 

collected. Two trained reviewers independently assessed tibial and femoral component mechanical 

alignment measurements in a standardized manner on postoperative full-leg AP and lateral radiographs. 

The primary outcome was mean absolute degrees of difference for each measurement compared to 

intraoperative CAS measurements. Outcomes were reported as means  standard deviation. 

Results: 38%(N=43/112) of patients were male. Mean age was 698 years and mean BMI was 

31.15.9. 71%(N=79/112) of patients had a well-aligned TKA (HKA within 3). 

The mean absolute difference was 1.51.2 for femoral coronal alignment, 1.00.8 for tibial 

coronal alignment, 2.21.5 for femoral flexion, and 1.81.6 for tibial slope.  

Two patients(1.8%) underwent reoperation; specifically, 1 patient received a 1-stage revision for 

periprosthetic joint infection 5 months postoperatively and the other underwent lysis of adhesions 9 

months postoperatively for arthrofibrosis. 

Conclusions: This novel imageless CAS provides accurate readings within 2 for tibial and femoral 

coronal and sagittal alignment, and patients have low complication rates at early follow-up. 
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1 Introduction 

The styles Total knee arthroplasty (TKA) is recognized as an effective procedure to treat a variety 

of knee disease and disability, including osteoarthritis, post-traumatic arthritis, and deformity [1-3]. 

Operative success is defined as restoration of the mechanical axis of the lower limb to within ±3 of 

neutral, accomplished by accurately positioning the femoral and tibial implants [4]. However, optimal 

cutting angles and resulting implant positioning are not always achieved even amongst experienced 

surgeons. Post-operative issues arising from suboptimal placement include aseptic loosening, decreased 

implant survivorship, reduced function, and complications that lead to readmission and revision [5,6]. 

With the number of TKA procedures anticipated to rise, it is of interest to limit post-operative 

complications and optimize alignment accuracy. [7,8]. To remedy this, attention has been given to 

technological advancements that aim to consistently achieve neutral alignment [9]. 

Various computer-assisted surgical navigation systems (CAS) have been developed to improve 

component placement accuracy. Such systems can be image-based or imageless, using imaging 

techniques or key anatomical landmarks, respectively, to register the patient. CAS devices have enabled 

surgeons to place TKA components with significantly increased accuracy and precision compared to 

procedures performed via conventional methods [10-13]. Successful restoration of the mechanical axis 

has in turn been associated with improved outcomes [8,13-16]. Despite the improved radiographic and 

clinical results, CAS systems are not without disadvantages. There are several reports of systems 

significantly increasing operating time [17,18], thus increasing opportunities for complications. In 

addition, high capital investments can make such systems prohibitory from a cost perspective for low 

volume centers [19]. As such, adoption rates for computer-assisted navigation in TKA have remained 

low [20]. 

The purpose of this study was to assess the accuracy of a novel, imageless navigation device for 

TKA. Previous cadaver testing has demonstrated coronal and sagittal plane measurements to be highly 

correlated with those obtained from computer tomography (CT) images [21]. This pilot study will 

compare angular measurements from the two modalities with patients undergoing primary TKA.  

2 Methodology 

Patients who underwent a primary TKA utilizing a novel imageless CAS navigation system 

(Intellijoint KNEE™, Intellijoint Surgical Inc., Kitchener, Ontario, Canada) from January-December 

2020 were retrospectively reviewed. All procedures were performed by two board-certified, high-

volume orthopedic surgeons who employ mechanical alignment targets during TKA. Patients who had 

significant joint deformity (>15 degrees), underwent a previous contralateral TKA, or were required to 

have a femur or tibia cut greater than 3ᵒ relative to their mechanical axis were not eligible for inclusion 

in the study. Plain-film or 3D stereoradiographic imaging (EOS Imaging System, EOS Imaging Inc., 

Paris, France) was obtained pre-operatively and 6-weeks post-operatively for each patient. 

Intellijoint KNEE is an imageless, pin-less navigation device that uses infrared optical technology 

and integrated microelectronics to provide real-time positioning of femoral and tibial cutting guides 

during TKA (Fig. 1). The system includes an optical probe tracker that identifies landmarks for patient 

registration and monitors cutting guide position, and an optical bone tracker that is attached to the distal 

femur or proximal tibia via a bone screw. The bone screw can be inserted onto the intra-articular or 

extra-articular surface, with the latter allowing for cut verification. The camera is placed where it can 

detect the position and orientation of both trackers and communicates with a computer workstation 

situated outside the sterile field, where real-time coronal (varus/valgus) and sagittal plane 

(flexion/extension, anterior/posterior slope) angles for the femoral and tibial cuts are displayed. All 

measurements are made relative to the mechanical axis. The navigation device accommodates either a 
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femur or tibia-first workflow and has been cleared by the Food and Drug Administration and Health 

Canada for use in the United States and Canada, respectively. 

Demographic data (age, sex, operative side, body mass index (BMI)) was collected for all eligible 

patients. Adverse events, if any, were documented at routine follow-up appointments with minimum 1-

year follow-up.  

Intraoperative measurements for the femoral and tibial cuts were saved and stored by the navigation 

device, including: varus/valgus angle, flexion/extension, and anterior/posterior slope. Post-operative 

measurements were obtained from plain-film radiographs and stereoradiographs using independently 

validated 3D sterEOS® software protocols (EOS Imaging System; EOS Imaging Inc., Paris, France) 

and included measurements of the hip-knee-ankle angle (HKA), mechanical lateral distal femoral angle 

(mLDFA), mechanical medial proximal tibial angle (mMPTA), and femoral and tibial slope angles. 

Radiographic measurements were performed by two trained independent observers.  

The primary outcome was navigation accuracy, defined as the mean absolute difference (ABS) 

between intraoperative measurements and post-operative radiographic measurements for femoral and 

tibial varus/valgus and slope angles. All summative data is expressed as mean ± standard deviation 

(SD). 

Radiographic measurements from a subset of 20 randomly selected cases were used to calculate 

intra-class correlation coefficients (ICC) for assessment of intra-rater reliability. ICC values under 0.5 

were classified as poor reliability, between 0.5-0.75 as moderate reliability, between 0.75-0.9 as good 

reliability, and over 0.9 as excellent reliability [22].  

The rate of restoration of the mechanical axis and frequency of adverse events were reported as 

proportions/percentages of the entire cohort. All statistical analyses and calculations were performed 

using Microsoft Excel, version 16.16.27 (Microsoft Corporation, Redmond, WA). 

  

3 Results 

A total of 112 patients were included in this study, with 38% of the cohort being male (n= 43/112). 

The mean BMI was 31.1  5.9, and the mean age at the time of surgery was 69.0  8.0 years.  

In the coronal plane, the mean absolute difference between intraoperative navigation-recorded 

measurements and those made on post-operative radiographs was 1.5  1.2 for femoral alignment and 

1.0  0.8 for tibial alignment. In the sagittal plane, the mean difference was 2.2  1.5 for femoral 

flexion and 1.8  1.6 for tibial slope. Radiograph assessment showed that 71% (N= 79/112) of patients 

had an HKA  3 . 

ICC was rated as excellent for HKA (ICC = 0.96), good for femoral coronal measurements (ICC = 

0.82) and femoral flexion (ICC = 0.78), moderate for tibial coronal measurements (ICC = 0.60), and 

poor for tibial slope (ICC = 0.30).  

There were no instances of perioperative complications. Two patients (1.8%) were required to 

undergo reoperations. One patient received a one-stage revision for periprosthetic joint infection (PJI) 

that occurred 5 months postoperatively, while the other patient underwent lysis of adhesions for 

arthrofibrosis at 9 months postoperatively. 

  

4 Discussion 

Accurate implant placement is essential to the success of achieving a well-balanced and well-aligned 

TKA. Historically, proponents of mechanically aligned TKA argue that creating a “biomechanically 
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friendly prosthetic knee” is paramount to achieving long-term prosthesis survivorship and preventing 

complications such as patellar instability and early aseptic loosening [23,24]. This principle has 

received abundant support in the literature, with excellent all-cause TKA survivorship rates of over 80% 

at 20 to 25-year follow-up [25,26]. At the same time, the importance of defining a successful neutral 

mechanical axis has also seen ample attention, with most surgeons relying on a margin of  3.0. 

Exceeding this threshold, especially in varus deformity, has been correlated with both decreased 

survivorship and worse patient-reported outcome measures in previous studies [6,27,28]. 

To provide surgeons with increased fidelity when making tibial and femoral bone resections, CAS 

devices have been introduced in recent years as an advancement from traditional manual 

instrumentation. Previously, the novel imageless CAS navigation system studied here was assessed in 

a cadaveric study of 10 knees to compare the accuracy of measurements between CAS and CT scans 

[21]. The result from that study demonstrated that the mean absolute difference for both the femoral 

and tibial cuts were roughly 1.0 in the coronal plane and 2.0-3.0 in the sagittal plane. In this clinical 

retrospective study using radiographs as the comparative standard, the CAS system again demonstrated 

accuracy within 3.0 of absolute difference in both the coronal and sagittal planes. This result notably 

reinforces the efficacy of this system to assist surgeons with meeting target benchmarks for implant 

placement during TKA.  

In addition to performance, safety is also naturally of tantamount importance for navigation systems. 

Although a non-navigation control group of patients was unavailable for comparison, this cohort of 112 

patients did not experience any perioperative complications, such as acute blood loss anemia requiring 

transfusion. Additionally, while there were two reoperations that occurred at 1-year follow-up, it is 

unlikely that they are attributable to the use of navigation as the pin sites are intra-articular and within 

the incision. For the case of arthrofibrosis, there was no evidence that component malpositioning in the 

coronal or sagittal plane contributed to the development of postoperative stiffness. 

This study has several limitations. First, postoperative radiographs were used as they are routinely 

obtained for all patients at the institution, while other imaging modalities that provide more rigorous 

implant measurements, such as CT, are not. Thus, this may introduce some degree of error during 

comparisons with navigation-recorded measurements, particularly for gauging the tibial component, as 

evidenced by greater inter-observer disagreement for those measurements. However, the fact that the 

differences from navigation-recorded measurements are still very similar to those previously found 

when using CT as a comparative standard, as discussed above [21], likely indicates that the magnitude 

of error was limited. Finally, both surgeons in this study are high-volume arthroplasty surgeons with 

established familiarity with this navigation system. Thus, it is possible results may be less optimal for 

less-experienced surgeons. However, a previous study of a navigation tool for total hip arthroplasty, 

utilizing similar technology and developed by the same manufacturer, demonstrated that just 3-5 cases 

were sufficient to significantly improve proficiency [29]. 

5 Conclusion 

This novel imageless, pin-less navigation device for TKA provides accurate tibial and femoral 

measurements within roughly 2.0 in both the coronal and sagittal planes when using postoperative 

radiographs as a comparative standard. There were no instances of perioperative complications and 

patients had a low reoperation rate at early follow-up. Together, these results support this imageless 

optical computer navigation device as a promising and safe alternative to traditional navigation for 

TKA. 
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