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PhD project opportunities in the Division of Biomedical Engineering 
(www.bme.uct.ac.za) 

 

The following projects are available: 

1. Functional evaluation of shoulder joint disorders using dynamic MRI and musculoskeletal 
modelling (page 2) 

2. Space and earth based musculoskeletal disorders: a combined statistical shape and 
musculoskeletal modelling approach (page 3) 

3. 3D-3D fitting of volumetric statistical head models to CT images with pathologies or artefacts 
(page 4) 

4. Neural correlates of Fetal Alcohol Spectrum Disorder (page 5) 
5. Neural correlates of pediatric HIV infection in children stable on ART (page 6) 
6. Assessing mechanical parameters in virus-cell interactions and their contribution to infectivity in 

HIV (page 7) 
7. Design, development and evaluation of a foot operable X-Ray visualization controller (page 7) 
8. Design and development of a modular active lower limb prosthesis (page 8) 
9. Remote health monitoring system based on wearable sensors for elderly people (page 8) 

 

Please note that the scope and availability of these projects may change.  
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Project title Functional evaluation of shoulder joint disorders using dynamic MRI and 

musculoskeletal modelling 

Primary Supervisor  Dr Tinashe Mutsvangwa  

 

Project Description Shoulder joint disorders in adults and children can lead to disabilities. Total shoulder 

replacement surgery is the ultimate treatment option for adults. However, revision 

surgeries or disability recurrence are common problems post-surgery. These are 

hypothesized to occur due to a mismatch across patient-specific functional biomechanics 

of the shoulder joint, the implant design, and the surgeon’s understanding of the 

functional behavior.  

We have developed dynamic MRI techniques to analyze in vivo muscle and joint 

mechanics. This project aims at: 1) development of a dynamic MRI protocol to acquire 

shoulder joint movement; 2) building combined multibody finite element computational 

models to evaluate shoulder biomechanics (bone kinematics and kinetics, cartilage 

contact mechanics, musculotendon moment arms, muscle and tendon strains) and to 

propose improvements in the implant design; 3) acquiring shoulder dynamic MRI data in 

vivo for the development and validation of the shoulder model and evaluating the 

disorder under consideration. 

The University of Cape Town collaborates with the Laboratory of Medical Information 

Processing (LaTIM- INSERM), Brest, France, on this project.  

Entrance 

requirements 

Master’s degree in (Biomedical) Engineering, Physics, Computer Science, Electronics or 

Mathematics. 

Required 

knowledge, skills 

and interests 

Signal and Image processing, Computer programming languages (C++, Java, Python, 

Scala), Finite element analysis, Multibody dynamics, Mathematical modelling, 

Orthopaedic Biomechanics. 
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Project title Space and earth based musculoskeletal disorders: a combined statistical shape and 

musculoskeletal modelling approach 

Primary Supervisor  Dr Tinashe Mutsvangwa 

Project Description The main constraint in understanding the pathomechanics of space disorders (bone loss,  

muscle atrophy) after return from prolonged flight has been the inability to incorporate 

subject-specific musculoskeletal parameters into predictive simulation models of the 

musculoskeletal system.  

Our research project on 3D measurement of bone mineral density from 2D X-ray imaging 

and development of subject-specific bone shapes using statistical shape and appearance 

modelling has potential for extending the capability of predictive gait simulations to 

understand space disorders. This project is aimed at simulating musculoskeletal ill-

effects (bone loss, muscle atrophy) due to microgravity using subject-specific muscle and 

bone properties, and determining bone/muscle adaptations/derivations from normal to 

diseased states while studying the effect of musculoskeletal forces in daily activities and 

proposing faster bone loss recovery.  

The University of Cape Town collaborates with the Laboratory of Medical Information 

Processing (LaTIM- INSERM), Brest, France, on this project. 

Entrance 

requirements 

Master’s degree in (Biomedical) Engineering, Physics, Computer Science, Electronics, or 

Mathematics. 

Required 

knowledge, skills 

and interests 

Signal and Image processing, Computer programming languages (C++, Java, Python, 

Scala), Finite element analysis, Multibody dynamics, Mathematical modelling, 

Orthopaedic Biomechanics. 
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Project title 3D-3D fitting of volumetric statistical head models to CT images with pathologies or 

artefacts  

Primary Supervisor  Dr Tinashe Mutsvangwa 

Project Description While modalities such as computed tomography (CT) and magnetic resonance Imaging 

(MRI) are effective in producing high-quality 3D reconstructions of bones in the body, 

they have inherent disadvantages related to cost, availability and potentially hazardous 

exposures to large dosages of radiation for the patient (particularly CT imaging). 

Furthermore, the traditional manual segmentation of 3D surface models from CT and 

MRI imagery is both tedious and time-consuming. This project aims to address these 

limitations by employing 3D statistical shape and appearance models and bi-planar 2D X-

ray imagery to develop a low-cost, robust, integrated and flexible software platform, to 

be used in clinical applications and forensic sciences. The project will focus on fitting 

statistical models to CT images showing artifacts or pathologies, using Markov Chain 

Monte Carlo methods.  

The University of Cape Town collaborates with the Graphics and Vision Research 

(GRAVIS) Group, University if Basel, Switzerland, on this project. 

Entrance 

requirements 

Master’s degree in (Biomedical) Engineering, Physics, Computer Science, Electronics, or 

Mathematics. 

Required 

knowledge, skills 

and interests 

Signal and Image processing, Computer programming languages (C++, Java, Python, 

Scala), Finite element analysis, Multibody dynamics, Mathematical modelling, 

Orthopaedic Biomechanics. 
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Project title Neural correlates of Fetal Alcohol Spectrum Disorder  

Primary Supervisor  Professor  Ernesta Meintjes 

Project Description Certain communities in South Africa have among the highest reported rates of Fetal 

Alcohol Spectrum Disorder (FASD) in the world. As part of an ongoing longitudinal study, 

we are examining effects of heavy prenatal alcohol exposure (PAE) on brain 

development throughout childhood, using advanced multimodal Magnetic Resonance 

Imaging (MRI), together with extensive cognitive and behavioural assessment. 

Opportunities exist for PhD students to perform (1) longitudinal analyses of resting state 

functional MRI, diffusion tensor imaging (DTI) and morphometry data to examine how 

heavy PAE affects developmental trajectories, (2) to examine alterations in myelination 

using novel myelin water fraction imaging, and/or (3) examine alcohol related 

alterations in brain iron levels using T2*- and susceptibility mapping. Students working 

on these projects will be required to analyse multimodal neuroimaging data 

(morphometry, DTI, resting state functional MRI) using specialised software packages, 

may need to develop in-house scripts using MATLAB or Python to analyse images, and 

will typically need to perform extensive statistical analyses and modelling. 

Entrance 

requirements 

Master’s degree in (Biomedical) Engineering, Physics, Computer Science, Mathematics, 

Statistics/Biostatistics. 

Required 

knowledge, skills 

and interests 

Image processing, neuroscience, statistics, programming experience  
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Project title Neural correlates of pediatric HIV infection in children stable on ART 

Primary Supervisor  Professor  Ernesta Meintjes 

Project Description Sub-Saharan Africa is home to 90% of HIV positive children. Since the advent of highly 

active antiretroviral therapy (HAART), HIV has transitioned from a fatal disease to a 

chronic condition in which there may be ongoing damage to the central nervous 

system (CNS). Rapid growth of the brain in the first few years of life places infected 

children at greater risk of neurological impairment. Although neuroimaging provides a 

unique tool to study the neural correlates of HIV, such studies in perinatally infected 

children are rare and little is known of the long-term consequences of HIV infection 

accompanied by ART on the developing brain. As part of a longitudinal study, we are 

examining brain development in infected children stable on ART and uninfected 

controls, using advanced multimodal magnetic resonance imaging (MRI) and 

neurocognitive testing at 5, 7, 9 and 11-12 years of age. There are opportunities for 

students to get involved in various aspects of this research. Students working on this 

project will be required to analyse multimodal neuroimaging data (such as 

morphometry, spectroscopy, diffusion tensor imaging, functional MRI, resting state 

functional connectivity, and tissue parameter mapping) using specialised software 

packages, may need to develop in-house scripts using MATLAB or Python to analyse 

images, and will typically perform extensive statistical analyses to examine group 

differences in imaging outcomes, as well as associations with clinical measures of 

immune health, timing of ART initiation, and cognitive outcomes. 

Entrance 

requirements 

Master’s degree in (Biomedical) Engineering, Physics, Computer Science, Mathematics, 

Statistics/Biostatistics. 

Required 

knowledge, skills 

and interests 

Image processing, neuroscience, statistics, programming experience  
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Project title Assessing mechanical parameters in virus-cell interactions and their contribution to 

infectivity in HIV 

Primary Supervisor  Associate Professor Thomas Franz 

Project Description Elucidating the structural and mechanical properties of cells as well as the mechanical 

interactions between virus and cell membrane can lead to improved knowledge 

towards treatment, management and prevention of infections. 

The project will assess morphological and mechanical properties of immune cells 

using experimental techniques such as cell isolation, optical/confocal microscopy and 

atomic force microscopy in the context of HIV/AIDS. These data will be compared for 

different population groups in South Africa, and potentially from other African 

countries. Mathematical and computational models will be used to investigate the 

effects that variations of morphological and mechanical properties of immune cells 

have on the interactions between the virus and the immune cell, e.g. budding and 

engulfment preceding the virus entry.  

More information may be found at www.mechanobiology.uct.ac.za 

Entrance 

requirements 

Master’s degree in Mechanical or Biomedical Engineering, Physics, Computer Science, 

Mathematics, and related disciplines 

Required knowledge, 

skills and interests 

• Required knowledge/skills: Computational and/or mathematical modelling, 

continuum mechanics, mechanics of (bio)materials 

• Interests: Cell biology, virology, experimental work 

Project title Design, development and evaluation of a foot operable X-Ray visualization 

controller 

Primary Supervisor  Dr Sudesh Sivarasu 

Project Description In a sterile environment such as an operation theatre, the surgeons are bound to 

touch the X-Ray monitor control screens, which has proven to introduce secondary 

infections. The study is aimed at designing, developing and testing a foot operable X-

Ray image visualisation controller, which would assist the surgeons with optimal 

visualisation of images for surgical guidance. The solution would be low-cost, and 

universally compatible. It will be evaluated for ergonomic suitability and usability. 

Failure Mode Effects Analysis (FMEA) will be done on the system in the end user 

hospital environment.  

Entrance 

requirements 

Master’s degree in (Biomedical) Engineering, Physics, Biomechanics. 

Required knowledge, 

skills and interests 

Mechanics, electronics, design, imaging  

http://www.mechanobiology.uct.ac.za/
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Project title Design and development of a modular active lower limb prosthesis 

Primary Supervisor  Dr Sudesh Sivarasu 

Project Description Current lower limb prosthetics have practical limitations related to the mechanical 

initiation of unlocking and locking of the knee joint and varying residual limb lengths. 

Active prostheses are in addition often too expensive for pervasive use in low 

resource settings, and particularly for landmine victims in such settngs. 

The project is aimed at designing and developing a low cost active modular lower 

limb prosthesis which adopts novel deep/surface muscle EMG measurement/control 

techniques customized for landmine amputees.   

Entrance 

requirements 

Master’s degree in (Biomedical) Engineering, Physics, Biomechanics. 

Required knowledge, 

skills and interests 

Biomechanics, design  

Project title Remote health monitoring system based on wearable sensors for elderly people 

Primary Supervisor  Dr Sudesh Sivarasu 

Project Description Wearable sensors have diagnostic, as well as monitoring applications. Their current 

capabilities include physiological and biochemical sensing, as well as motion sensing. 

Home based motion sensing might assist in fall prevention and in maximising an 

individual's independence and community participation. Remote monitoring systems 

have the potential to mitigate patient access challenges.  

The project will develop a remote health monitoring system for elderly opeople. It 

will employ wearable sensors to gather physiological and movement data according 

to the clinical application of interest.  Wireless communication will be relied upon to 

transmit patient data to an access point and relay the information to a remote centre 

via the Internet, for analysis and response. 

Entrance 

requirements 

Master’s degree in (Biomedical) Engineering, Computer Science.  

Required knowledge, 

skills and interests 

Information & communication technologies  
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