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Abstract
Computer-assisted navigation has the potential to improve the accuracy of cup
positioning during total hip arthroplasty (THA) and prevent leg length discrepancy
(LLD). The purpose of this study was to compare acetabular cup position and postoperative LLD after primary THA using posterolateral approach. Between August 2016
to December 2017, 57 THAs using imageless navigation were matched with 57 THA
without navigation, based on age, gender and BMI. Post-operative weight-bearing
radiographs were assessed using for anteversion, inclination and LLD. Goal for
functional cup placement was 40° inclination and 20° anteversion based on preoperative
weight bearing pelvic images. Functional LLD was measured as compared to preoperative radiographs and contralateral side. Proportion of cups within Lewinnek’s safe
zone, proximity to a pre-operative target of and the LLD >5 mm was assessed. The mean
age was 54.9 ± 9.6 years (30 – 72) and 57.6 ± 12.5 years (20 – 85) in control and navigated
groups, respectively. Mean cup orientation in the navigated group was 20.6°± 3.3° (17 25) of anteversion and 41.9°± 4.8° (30 - 51) of inclination, vs. 25.0°± 11.1° (10 - 31) and
45.7°± 8.7° (29 – 55) in control group, where were statistically significant (p=0.005 and
p=0.0001), respectively. In the navigated group, significantly more acetabular cups were
placed within Lewinnek’s safe zone (anteversion: 78% vs. 47%, p=0.005; inclination:
92% vs. 67%, p=0.002). There was no significant difference in mean LLD in navigation
and control groups (3.1 ± 1.5 mm vs. 4.6 ± 3.4 mm, p=0.36), although fewer LLDs >5
mm were reported in the navigated group (7.1%) than in controls (31.4%, p=0.007). The
use of this image-less computer-assisted navigation improved the accuracy with which
acetabular cup components were placed and may represent an important method for
limiting post-operative complications related to cup malpositioning and LLD.
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1 Introduction
Total hip arthroplasty (THA) is among the most successful orthopaedic procedures [1]. However,
despite an overall high rate of success, the potential for significant post-operative complications exists,
the majority of which relate to inaccuracies in component placement [1-3]. In particular, malpositioning
of the acetabular cup component is associated with instability, loosening, increased component wear
and an increased risk of dislocation, all of which contribute to an increased likelihood of costly revision
surgery [4-7]. Traditionally, surgeons rely on experience, use of anatomic landmarks or jigs to provide
a basis for component placement. Acetabular cup components implanted using these conventional
methods; however, are subject to patient positioning or finding anatomical landmarks, with some
studies suggesting that up to 62% of conventionally implanted acetabular cup components are
malpositioned [8].
Computer-assisted navigation systems have been developed in recent years to assist surgeons with
the accurate placement of components during THA. These systems are generally associated with
improved accuracy in component placement, with improvements in post-operative leg length, safe zone
proportionality and proximity to pre-operative target noted across several studies comparing navigation
with manual methods [9-14]. However, the drawbacks of such systems – high capital costs, potentially
significant lengthening of procedural time – have limited their use to only a small fraction of THAs [15,
16]. Despite these limitations, there are certainly areas where navigation is superior to traditional
methods, findings that warrant continued investigation of the ability of navigation to improve outcomes
in THA.
The ongoing debate over the validity of Lewinnek’s safe zone [17] and the increased interest in
functional cup positioning, especially in patients with abnormal pelvic tilt during standing and sitting,
such as lumbar fusion that directly impact hip mobility, have created an opportunity for navigation to
have an important impact on post-operative outcomes. As the focus of pre-operative planning shifts to
a more patient-specific orientation, the proximity of the post-operative position to the pre-operative
target is of growing importance and is an area where navigation has shown promise [9, 11-13].
The purpose of our study was to evaluate the impact of an imageless navigation system to accurately
achieving pre-operative targets for cup position and for leg length changes. Our hypothesis was that
navigation assistance would be associated with a higher proportion of components implanted within
Lewinnek’s safe zone and an improved ability to achieve preoperative targets for acetabular cup
position and change in leg length.
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2 Methods
This study was a retrospective review of our prospective database of primary THA procedures
performed with the assistance of a novel, imageless computer-assisted navigation tool, compared
with matched controls completed using traditional methods. Institutional Board Review approval
was obtained prior to this study. Patients were eligible for inclusion if they underwent a primary
unilateral THA procedure (modified MIS posterolateral approach) performed by the senior author
(**) between August 2016 and December 2017. Two cohorts (navigation versus conventional)
were included in this case-matched study. 57 patients from the navigation cohort were matched to
57 patients from the conventional cohort based on age, gender and BMI. In the intervention group,
THA was performed with the assistance of the navigation tool (Intellijoint HIP®, Intellijoint
Surgical, Waterloo, ON). In the control group, THA was performed traditionally using mechanical
guides and anatomical landmarks.
General inclusion criteria in the intervention group included the use of the navigation tool
during the study period and the ability to obtain pre- and post-operative anteroposterior (AP)
weight-bearing radiographs. Patients were excluded from the study if the navigation device was
removed for any reason prior to final measurements being collected; if radiographic measurement
landmarks on the pre- or post-operative imaging were not visible or able to be properly reproduced.
All procedures were performed via a modified MIS posterolateral surgical approach. The use
of the navigation tool consists of a camera, magnetically attached to a platform fixed to the
operative iliac crest via two surgical pins, and a tracker, magnetically attached to a platform fixed
to the greater trochanter or to other objects (e.g. impactor) during surgery. The camera computes
position and orientation of the tracker to assess changes in leg length and center of rotation. This
data is sent to the computer workstation in real time. Utilization of this data has been described in
detail elsewhere [18, 19]. In the control group, acetabular cup components were implanted using
traditional mechanical guides and anatomic landmarks [20].
Baseline data including demographic data (age, gender, BMI) was collected for all patients in
both study groups. Patients were followed prospectively for 3 months post- operatively. Primary
outcomes for this study included cup position (anteversion and inclination), functional leg length
discrepancy (pre- to post-operative change in operative vs. non-operative leg length discrepancy),
proportion of cup components placed within the Lewinnek safe zone [17], proportion of cups
placed within ±10° of a pre-operative target of 40° inclination/20° anteversion, proximity of final
cup position to that pre-operative target and proportion of leg length differentials >5 mm.
Secondary outcomes included the post-operative rates of dislocation, hospital readmission, reoperation, and revision surgery. The rate of complications, including pain at the site of the
pins/screws, was also recorded at follow-up visits.
Images were scaled using a standard 25.4 mm scaling object. In cases where no scaling object
was available, post-operative images were scaled using the known diameter of the femoral head.
Cup orientation and changes in leg length were calculated using TraumaCad (Brainlabs, Chicago,
IL) and the inter-ischial line method [21]. Each image was read 3 times for intra-observer reliability
and the results averaged to provide final values for leg length change and cup position. All images
were reviewed by two independent, non-blinded observers (*** & ***).
Alpha was set a priori at 0.05 for all statistical comparisons. Mean values were compared using
independent samples t-tests and/or single-factor ANOVA. Mean values are expressed as mean
(standard deviation). Intra-rater reliability was evaluated using the intraclass correlation coefficient
(ICC).
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3 Results
A total of 114 patients (intervention: 57, control: 57) were eligible for inclusion and included in the
final analysis. The mean age was 54.9 ± 9.6 years (30 – 72) and 57.6 ± 12.5 years (20 – 85) in control
and navigated groups, respectively. The mean BMI in control and navigated groups was 32.8 ± 3.4 (2741) and 33.2 ± 4.1 (27-43), respectively. There was no difference mean age, operative side or gender
between the intervention and control groups (Table I).
Mean functional anteversion in the navigated group was 20.6°±9.3° (range: 17°-25°), vs
25.0°±11.1° (range: 10°-31°) in the control group (p=0.005). Significantly more cups were placed
within the Lewinnek safe zone in the navigation group (62/79, 78%) when compared with controls
(44/93, 47%, X2=17.5, p<0.001). Similarly, a significantly greater proportion of cups were placed
within the functional zone of 20°±10° of anteversion in the navigated group vs. controls (55/79 (70%)
vs. 49/93 (53%), X2=5.1, p=0.02).
Mean inclination in the navigation group (41.9°±4.8°; range: 30°-51°)) was significantly lower than
that of the control group (45.7°±8.7°; range: 29°-55°), p=0.01). A significantly greater proportion of
acetabular cups were placed within the Lewinnek/functional safe zone (40°±10°) in the navigated group
vs. controls (73/79 (92%) vs. 62/93 (67%), X2=16.8, p<0.001).
The mean post-operative leg length discrepancy in the navigation group (3.1 ± 1.5 mm) was less
than that of the control group (4.6 ± 3.4 mm), although this finding was not statistically significant
(p=0.36). Significantly fewer cases of LLD >5 mm were observed in the navigation group than in the
control group (7% vs. 31%, X2=7.2, p=0.007).
At final follow-up, there were no dislocation, fracture, re-operation or revisions. No reports of pain
at the site of the pelvic pins in the intervention group at 90-days were reported. No other complications
were reported.
Triplicate measurement of radiographic parameters was consistent, with strong intra-rater reliability
for all measured parameters in both study groups (ICC: anteversion (intervention: 0.983, control:
0.984), inclination (0.980, 0.983) and leg length (0.965, 0.978)).

4 Discussion
Total hip arthroplasty remains a successful procedure to address degenerative hip arthritis, although
potential complications associated with component malpositioning and leg length discrepancy continue
to present challenges to surgeons. The use of computer-assisted navigation has improved component
accuracy, although has not been fully embraced by the orthopaedic community, as concerns over cost
and potential time-add limit its acceptance. We evaluated the accuracy of component placement in a
cohort of patients who underwent primary or revision THA with the assistance of an imageless
navigation system, in comparison to matched controls who underwent THA using traditional methods.
Our study has limitations. Retrospective data collection may limit the strength of the conclusions;
however, the use of a case-matched control group allows for a valid comparison of navigated data with
traditional, non-navigated data and provides more comprehensive findings than would a non-controlled
cohort study. Similarly, the retrospective collection of data limits our ability to analyze cases for
changes in offset, as the variability between patient positioning on radiographs renders an analysis of
offset inaccurate.
We found that there was a significant improvement in cup position in the navigated group, with
fewer acetabular cups placed outside of the safe zone and fewer leg length differentials >5 mm. LLD
represent one of the most common causes of litigation against orthopedic surgeons [22, 23], up to 15%
of whom will face a new claim each year [24]. Patients are known to perceive LLDs that exceed 5 mm
[25, 26], a threshold that many studies have demonstrated is difficult to achieve in non-navigated THA
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[27-30]. Indeed, many studies report proportion analyses involving LLD using thresholds of 6 or 7 mm,
potentially reflecting the limits of accuracy associated with more traditional THA methods of
monitoring cup position and leg length [27, 28]. In our study, we noted a mean post-operative LLD of
3.1 mm in navigated cases and, while not significantly different from the non-navigation cases (mean:
4.6 mm), the proportion of cases in which the LLD was >5 mm was significantly lower in the navigated
group (7% vs 31%, p=0.007). This suggests a strong role for navigation in preventing post-operative
LLDs following THA, which may be associated with potentially significant decreases in hospital costs.
Evidence indicates that up to 1/3 of cases brought against orthopaedic surgeons are settled, at an average
cost of $35,651, suggesting one avenue for potentially significant cost savings when utilizing
navigation. However, even without navigation, the maximum LLD was less than 1 cm.
Traditional navigation is currently used in <5% of THA procedures [15], due largely to its high cost,
cumbersome nature and steep learning curve. The device used in our study; however, is not associated
with these drawbacks and offers a cost-effective alternative to more traditional systems. The device is
compatible with all component manufacturers and has demonstrated excellent accuracy in clinical
studies, most recently in large study comparing intraoperative device measurements of cup position in
356 patients with post-operative EOS imaging, where it measured anteversion to within 2.97°±4.05°
and inclination to within 2.17°±2.50° of EOS images [31]. Previous studies have demonstrated
measurement of leg length differentials within 0.3-1.3 mm of post-operative imaging [18, 32] and a low
proportion (8%) of post-operative LLDs >5 mm [32], results which mirror those of our current study.
Importantly, this high level of accuracy does not come at the cost of efficiency, as the device has also
demonstrated time-neutrality with non-navigated THA, being associated with a time-add of 2.9 minutes
[33] and a learning curve of 3-5 cases (unpublished data). This combined ease-of- use and high accuracy
suggest a viable role for this technology in THA moving forward.
Despite the ongoing debate regarding its validity [34], the majority of surgeons continue to use the
Lewinnek safe zone [17] as a reference orientation to minimize the risk of post-operative dislocation.
Increasing, however, surgeons are taking a “functional cup position” approach to pre-operative
planning. This technique involves patient-specific cup position targets, based on the patient’s functional
pelvic orientation during standing and sitting [35, 36]. This is especially prevalent in cases where spinal
fusion or other spinal pathologies limit the mobility of the lumbar spine and increase the workload on
the hip joint itself. In our study, a functional cup position target of 40° inclination and 20° anteversion
was set pre-operatively for each patient. Both pre- and post-operative pelvic radiographs were weightbearing and all calculations are based on functional cup orientation. In the navigation group, we noted
a significantly greater proportion of cups placed within 10° of this target orientation than in nonnavigated cases. Likewise, we noted a significantly higher proportion of cups within the traditional safe
zone. Our findings mirror those of other studies comparing navigation to traditional methods, where
cups placed with navigation assistance were between 2 and 4 times more likely to be within the safe
zone [9-14]. This ability to assist the surgeon in accurately placing components in their targeted
orientation is perhaps the most important benefit of navigation, and is especially important in cases with
a lower margin for error such as those where hip-spine comorbidities play a critical role.
198 We noted a very low rate of complications in our study, in both the navigated and nonnavigated groups. There were no reports of device-related adverse events, including pain at the site of
the iliac crest pins. While a relatively rare occurrence, there have been reports of pin-site pain with
some navigation devices as high as 4% at 90-days post-op [37]. These reports; however, have generally
been recorded in studies using systems that require both iliac crest and distal femur pins, with the highest
rates of pin-site pain reported in the distal femur locations [37]. Rates of pin-site pain in the iliac crest
are routinely reported below 2% [32, 38], and previous studies of the navigation device used in this
study have similarly reported no pain at the iliac crest pin site [32]. Regarding episode of care outcomes,
we did not have any cases of dislocation, revision surgery or hospital readmission in the control and
intervention groups at 90-days post-procedure.
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5 Conclusions
In this case-matched study, we demonstrated the ability of an imageless navigation system to
improve the accuracy with which acetabular cup components are implanted during THA. The noted
improvements in safe zone and LLD proportionality suggest that there is a role for such navigation
systems in improving both short- and long-term outcomes in patients undergoing primary THA with
posterior approach.
Table 1. Summary of Demorgraphic Data
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Table 2: Radiographic Measurements
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