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1. Introduction
Glenoid component loosening remains a relevant com-
plication after anatomic total shoulder arthroplasty 
(aTSA). Glenohumeral contact patterns govern load 
transfer and bone-implant mechanics, making their 
accurate estimation critical for patient-specific bio-
mechanical models aiming to predict loosening. Yet, 
their inter- and intra-subject variability across different 
functional arm poses remains poorly documented and 
hence rarely accounted for in such models. Therefore, 
this study presents a workflow to assess in vivo gleno-
humeral contact patterns across multiple arm poses 
after aTSA.

2. Methods
2.1 Data collection
Input data were collected as part of  a prospective 
clinical study approved by the Ethics Committee 
of  the University Hospitals Leuven (S64986) and 
included postoperative supine CT scans and low-dose 
biplanar radiographs (EOS imaging) from aTSA 
patients implanted with a Comprehensive® glenoid 
component (Zimmer Biomet). Biplanar radiographs 
were acquired in six upright functional arm poses: 
relaxed standing (RS), 45° extension (45EX), 45° and 
90° flexion (45F, 90F), and 45° and 90° abduction 
(45AB, 90AB).

2.2 Workflow definition
The workflow comprises four main stages (Fig. 1):
1) 3D model creation and coordinate system definition: Patient-
specific 3D models of  the scapula and humerus, includ-
ing humeral implant, were created from postoperative 
CT scans using threshold-based segmentation in Mimics 
(Materialise), with manual refinement applied to the 
humeral model (Fig. 1a). To reconstruct the postoperative 
scapula, a preoperative model was registered to the rough 
postoperative segmentation using 3-matic (Materialise) 
and further refined manually (Fig. 1b). Patient-specific 
coordinate systems were defined for both bones as in 
our previous work (Daneshvarhashjin et al., 2025).
2) Glenoid component registration: The manufacturer-
provided glenoid component 3D model was semi-
automatically registered to the postoperative CT scan 
using landmark-based alignment and manual adjust-
ment, guided by peg-related contours and radiolucent 
zones (Fig. 1c).
3) Pose-specific joint reconstruction: For each pose, the scapula 
and humerus were segmented as 2D contours from the 
biplanar radiographs. Custom MATLAB code (Dzialo 
et al., 2018) then iteratively repositioned the 3D bone 
models until their projected contours matched the seg-
mented ones (Fig. 1d). All bone models and the registered 
glenoid component were transformed into a unified 
patient-specific coordinate system in 3-matic (Fig. 1e).
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4) Contact calculation: For each pose, the glenohumeral 
contact area and center were automatically computed 
using a custom Python script in 3-matic. The algorithm 
first generates triangular meshes for the humeral and 
glenoid components (0.1 mm edge length) and defines 
the contact area as the region of  the glenoid component 
closest to the humeral component, using a threshold 
equal to 50% of  the minimum intra-articular distance, 
similar to Massimini et al. (2014). The contact center 

is then calculated as the centroid of  the resulting con-
tact area (Fig. 1f), and expressed in the local glenoid 
component coordinate system.

2.3 Proof-of-Concept Application
The workflow was applied to three aTSA patients 
with different glenoid component sizes, using one-
year postoperative imaging. The computed contact 
centers across the six arm poses were projected onto a 
2D representation of  the component, and displayed in 
a right-sided configuration to allow visual comparison 
in MATLAB. Sensitivity to the distance threshold was 
assessed by repeating the analyses across thresholds 
ranging from 25% to 75% in 5% increments.

3. Results and discussion
Figure 1g shows the computed contact centers across 
the six arm poses for the three patients, with ranges 
reflecting distance threshold sensitivity. Although the 
small sample size precludes clinical conclusions, the 
effect of  the threshold seems limited and a superior 
trend is observed (average contact location 20.2% of  
the component height above its midpoint), suggesting 
persistent humeral head subluxation after aTSA, con-
sistent with Massimini et al. (2010). The results indicate 
that the workflow captures patient-specific glenohumeral 
contact locations across different functional arm poses, 
and that sensitivity analyses can be readily incorporated. 
We are currently applying the workflow to 25 patients 
from the same clinical study, and plan to analyze both 
contact location and area, include additional predictors 
such as scapular anatomy and implant placement, and 
perform sensitivity analyses on key parameters (e.g., 
segmentation and registration accuracy, mesh size and 
smoothness), where the most influential parameters 
will be investigated further. Registration accuracy is 
expected to be the most critical and can be addressed 
using multi-operator tracking, as in our previous work 
(Daneshvarhashjin et al., 2025). Validation against 
population-level data from the OrthoLoad database 
may be considered after further model refinements.

4. Conclusions
We developed a workflow to quantify in vivo gleno-
humeral contact patterns after aTSA using postoperative 
CT scans and biplanar radiography across multiple 
arm poses. Proof-of-concept application demonstrates 
feasibility and highlights the potential to analyze larger 

Figure 1. The proposed workflow (a-f) and proof-of-
concept application to three patients (g).
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cohorts, ultimately supporting predictive biomechanical 
modeling of  glenoid component loosening.
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