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Abstract
The outcome of total hip arthroplasty (THA) depends on multiple alignment and design
parameters. Unsuitable parameter settings could lead to impingement, dislocation, increased wear,
and loosening. This work introduces a method for calculating a patient-specific target zone based on
range of motion (ROM) related and load related criteria. Possible bone or prosthesis impingement are
analyzed. The resulting hip force is calculated and compared to the pre-operative situation. The edge
loading risk is analyzed. Pelvic tilt is considered for the calculation of the ROM and the load. THA
parameters fulfilling all criteria are included in the target zone.
The above described method has been applied to 30 cases retrospectively. All cases had been
planned and navigated on the basis of CT data. From each patient, pre- and post-operative CT and
EOS data and Harris Scores were acquired. The pre-operative data served as the input data for the
target zone calculator. We hypothesized that cases with post-operative THA parameters inside the
target zones have higher scores than other cases.
The patients whose implants are within the target zones had higher scores than the remaining
patients. Especially patients inside both target zones (combined target zone) had higher scores. The
results also show that for 19 out of 30 patients, conventional CT-based planning and navigation does
not provide optimal placement regarding the combined target zone. A further validation of the method
with a larger sample size is part of our ongoing work.

1 Introduction
The outcome of total hip arthroplasty (THA) depends on multiple alignment and design
parameters. Unsuitable parameter settings could lead to impingement, dislocation, increased wear,
and loosening. In clinical routine, standard values such as the Lewinnek safe zone [Lewinnek et al.
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1978] and the combined anteversion technique [Ranawat & Maynard 1991; Dorr et al. 2009; Weber et
al. 2016] are often used for cup alignment. However, studies show that dislocations occur even if the
cup is placed in the suggested target zone [Callanan et al. 2011; Abdel et al. 2016]. The reason might
be that the target zones are statistically derived values for the average patient. A more patient-specific
adaptation of these values could improve the outcome for the individual patient.
The prosthesis has to fulfil certain constraints that might be contradictory to each other.
Impingement of both the prosthesis and the bones should be avoided while providing a sufficient
range of motion (ROM) and the resulting hip force should not be too high in amplitude and not at the
edge of the cup causing edge loading. A method for calculating a patient-specific target zone
incorporating ROM-based and load-based criteria was developed and tested on 30 cases
retrospectively.

2 Materials and Methods

Figure 1: Calculation of the patient-specific ROM-based and load-based THA target zones.

The concept for calculating the combined target zone is shown in Figure 1. Single target zones are
calculated regarding the patient specific ROM and resulting hip load conditions. The ROM-based
target zone, including all impingement free cup orientations, depends on the stem design, its
orientation and the head-to-neck ratio [Hsu et al. 2019]. The distance to bony impingement is also
calculated [Hsu et al. 2018] and compared to the pre-operative situation. The ROM suggested by
Yoshimine [Yoshimine 2006] is used as the target ROM. The load-based target zone depends on the
position of the muscle attachment points relative to the center of rotation and is influenced by the
stem design and orientation as well as the cup position. The direction of the resulting hip force is
calculated using a modified Iglic model [Iglic et al. 1990]. The model was adapted to the pelvic width,
pelvic height and the position of the greater trochanter. The contact patch is calculated using the
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Imado model [Imado et al. 2005]. The load-based target zone includes all cup orientations without
unsuitable edge loading that would occur when the contact patch overlaps with the rim of the cup.
Furthermore, the resulting hip force should not be larger than the pre-operative value. The cup
orientation is defined relative to the anterior pelvic plane. Pelvic tilt is considered for the calculation
of the ROM and the load.
The above described method has been applied to 30 cases retrospectively. All cases had been
planned and navigated on the basis of CT data. From each patient, pre- and post-operative CT and
EOS data and Harris Scores [Harris 1969] were acquired. The pre-operative data served as the input
data for the target zone calculator. We hypothesized that cases with post-operative THA parameters
inside the target zones have higher scores than other cases.

3 Results
The results are shown in Figure 2. The patients whose implants are within the target zones had
higher scores than the remaining patients. Especially patients inside both target zones (combined
target zone) had higher scores.

Figure 2: Comparison of post-operative Harris scores of patients inside and outside of target zones.
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4 Discussion
Finding optimal THA parameters is the topic of numerous studies but a common safe zone could
not be identified [Seagrave et al. 2017; Snijders et al. 2018]. Most of the studies compared dislocated
with non-dislocated hips. Other studies derive a safe zone based on a ROM analysis and suggested
rules for the combined anteversion [Widmer & Zurfluh 2004; Yoshimine 2006]. Weber et al. found
that these rules are useful for detecting prosthetic impingement but do not prevent bony impingement
[Weber et al. 2016]. Incorporating load-related factors is also of importance and was addressed in
several studies [Pierrepont et al. 2013; Elkins et al. 2015; Clarke & Lazennec 2015]. The results of
our study suggest that THAs which are classified as within the patient-specific target zones are
associated with higher outcome scores. The results also show that for 19 out of 30 patients,
conventional CT-based planning and navigation does not provide optimal placement regarding the
combined target zone.
There are certain limitations in this preliminary study and potentials for improvement for the
method. A further validation of the method with a larger sample size is part of our ongoing work.
Although each target zone is based upon published models, the validity of each target zone has to be
further investigated. Some of the data had osteophytes around the native acetabulum. This could have
an influence on the calculated cup coverage and bony impingement risk. Related improvements are
subject to our ongoing work.
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