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Synopsis 

    The human hip is nearly always modelled as a ball and socket joint. Recent research has challenged this model, providing evidence of hip translation 

in cadavers. Next steps in this line of research include studying hip joint translation in live human subjects. The goal of this work is to develop a new 

method using multiple MRI modalities to study hip joint translation in-vivo. Detailed surface models were obtained from high resolution (HR) MRI 

scans, while surface contours containing kinematic information on large ROM hip poses was obtained from low resolution (LR), open gantry MRI. 

The detailed surface models were registered to the low resolution surface contours. Registration RMSE values ranged from 1.14 mm to 1.69 mm.  

Introduction 

    The human hip joint is commonly modelled as a ball and socket joint. Geometrically, this model implies that the femoral head and acetabulum are 

concentric spheres. This also implies that the joint only rotates, and does not translate. Previous work has yielded results that challenge the validity of 

this model, detecting hip joint translation in on the order of 6 mm [1]. The next step in this line of research is to study hip joint translation in live human 

subjects. The goal of this work is to develop a method to measure hip joint translation using MRI as the imaging modality, as it does not use ionizing 

radiation like CT or X-ray. A previously validated MRI-based kinematic tracking method has already been implemented in the patella [2] and will be 

adapted for use in the hip. Conventional MRI scanners have enclosed gantries, which can allow knee motion but restrict hip range of motion (ROM), 

requiring the combination of conventional, enclosed gantry MRI and open gantry MRI measurements to track hip translation during functional poses. 

Work to date has focused selecting methods of obtaining and processing MRI data that reduce the error in correlating the conventional and open gantry 

MRI geometric and positional information.  

Methods and Results 
    Three high resolution (HR) MR scans, each in one of the three anatomic planes (coronal, axial, sagittal) were taken of the right, neutrally-posed hip 

of a healthy male subject (23 y/o, 80 kg). These scans were used to produce HR 3D surface models describing pelvis and femur cortical bone geometry. 

HR axial, sagittal, and coronal models were registered to each other in order to augment coronal models with anatomic features excluded from the 

coronal scan. LR scanning was performed in an open-gantry MRI scanner, allowing for high ROM functional hip poses to be imaged.  LR contours of 

each MR image describing the relative positions of the pelvis and femur cortical bone surfaces were extracted from LR scans. The HR 3D surface 

models of each bone were registered to their respective posed, LR contours. The resulting coordinate transformations can be used to move the HR 

femur position and orientation relative to the pelvis to be as described by the LR scans; an illustration of this process can be seen in figure 1. HR surface 

models and LR contours of non-cortical bone were also registered, as non-cortical bone margins are more easily visualized (figure 3). Both a rigid 

registration algorithm and a registration algorithm allowing for possible relative scaling effects between the two MRI modalities were tested.  

Registration RMSE can be seen in figure 2.  

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Conclusions                                                                                                              
Augmented coronal model registration yielded higher RMSE than coronal model registration in 4/6 pose-bone combinations. Additional error is also 

introduced by the augmentation process, therefore using coronal only model generation is recommended for this subject. Both cortical and non-

cortical coronal HR surface models, registered to LR contours while allowing for scaling effects, showed the lowest RMSE in 3/6 of the pose-bone 

combinations. These results suggest both methods of HR surface model generation are comparable in this subject. As LR non-cortical contours are 

more easily extracted from MR images, using non-cortical bone information to obtain pose information is recommended. Future work will focus on 

interpretation of hip translation data.  
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Figure 1: (a) High resolution 3D models and 

(b) posed low resolution contours are (c) 

registered to each other, producing a 
transform to move the 3D models to the (d) 

posed relative orientation 

 

Figure 2: RMSE errors for registration of high resolution 3D models to 

posed low resolution contours.  

 

Figure 3: Non-cortical bone 

(white) has clearer margins than 

the cortical bone (black) 

 


