
Research Statement 
 
Broadly, my areas of research are in the use of numerical solutions to ordinary and partial 
differential equations to solve questions in medicine and biology.  I am currently 
pursuing two distinct projects of my own initiation and working with students on several 
other projects. 
 
Airflow 
The first project explores airflow patterns in the human respiratory system using 
computational fluid dynamics.  Many questions are unanswered regarding the importance 
of inter-individual differences in anatomy on flow and particle deposition, the impact of 
nasal surgery on olfaction, the optimization of drug delivery via the nose or lungs, and 
the impact of environmental air pollution on respiratory and systemic health.  I have 
found that there are quantifiable differences in flow patterns among individuals that are 
not predictable by examining medical images [4].  However, total absorption of water 
soluble gases may not be as variable among individuals as once thought [3]. It is also 
evident through computational work that surgery can have undesired effects on flow 
patterns [6]. Open questions remain related to optimizing the construction of 
computational meshes for complicated human anatomy, improving simulation time and 
convergence of flow calculations, refining particle transport equations, quantifying the 
impact of mucous flow on airflow and particle deposition, and handling large volumes of 
medical images.  
 
I began work in this field while conducting my graduate and postdoctoral research.  Since 
coming to VCU, I have made contact with Worth Longest in Engineering.  We are 
conducting simulations to examine the effect of inter-individual differences in anatomy 
on deposition of nanoparticles [I].  This research will be relevant to issues regarding the 
optimal delivery of nasal spray drugs as well as to the impact of air pollution on the 
respiratory system and extend work done previously [5]. 
 
I also initiated collaboration with Richard Costanzo in Physiology to explore the effects 
of nasal surgery and nasal deformities on airflow patterns as they relate to a loss of sense 
of smell.  The ultimate goal of the work is to predict the impact of nasal surgery on the 
quality of life for the patient. Dr. Costanzo supplied me with medical images and I 
developed a 3D hollow model of the nasal airspace.  I am working on running flow 
simulations in this model.  
 
Wound Healing 
Currently, my most active area of research involves developing a model for the healing of 
a tissue wound.  This model began development in conjunction with colleagues at the 
medical school: Kevin Ward (now at University of Michigan), Nathan Menke (now at 
University of Pittsburgh) and Bob Dieglemann.  An extensive series of human subject 
tests are being conducted to improve the understanding of the complex biochemical and 
cellular processes which are involved in the mechanics of wound healing.  We are 
hopeful that mathematical models will shed light on which processes are most important 
in healing and explain why negative outcomes are observed.   
 



An initial model [2] was developed as proof of concept that wound healing dynamics 
could be captured successfully with an ordinary differential equation model.  This model 
used a generic measure of damage to indicate a wound and also grouped together the 
entire inflammatory response into one variable. With this model, we were able to show 
that reduced tissue oxygen has a negative impact on healing rates but that it is possible to 
manipulate the wound environment (by, for example, increasing the rate of fibroblast 
recruitment) to improve the healing outcome. 
 
In order to use the ODE model with clinical data, it was necessary to transform the 
measure of generic damage into a measurable data point.  Therefore, in collaboration 
with Angela Reynolds (VCU Mathematics) we developed a model of wound healing that 
relies on collagen levels as measure of healing [1].  This refined model was validated 
using published data on wound healing and will be is applicable in a clinical setting. 
 
The next step in the wound modeling project is to now develop models that account for 
patient specific information.  For example, it is known that high cortisol levels can 
significantly delay healing. Cortisol has a major impact on the inflammatory response.  
Since our current wound model groups the entire immune response together, it was not 
possible to add the effects of cortisol to the existing model.  Working the Racheal Cooper 
(a Ph.D. student) and Shasta Truett (a Masters student – supported by the Jeffress Grant) 
we are modifying the existing model by separating the inflammatory response into two 
equations (one for neutrophils and one for macrophages) to allow for more flexibility in 
applying the effects of cortisol [II]. 
 
Estrogen and oxygen have been shown to be beneficial in healing certain wounds. 
Understanding how these systemic mediators impact the complex relationships in wound 
healing is an important part in predicting patient outcomes and also in determining when 
and how to intervene when a patient has significant tissue damage [III].  Current studies 
are being done to explore the use of both estrogen and oxygen as topical and systemic 
treatments and we propose the use of mathematical models to help pinpoint the optimal 
timing of the treatments. 
 
Now that our group has a publication record we are in the process of planning a grant 
application for submission to the Joint DMS/NIGMS Initiative to Support Research at the 
Interface of the Biological and Mathematical Sciences (NSF/NIH) to further validate the 
existing model with data and to look at the broader picture of wound healing to predict 
successful treatment protocols.  We aim to answer questions related to parameter 
estimation in the absence of data, identification of the parameter space and sensitivity 
analysis of the parameters.  Stability analysis of subsystems of the model will also 
provide insight into the viability of the model over the entire parameter space.  
 
Work with Students 
I have had several productive research experiences with graduate students.  Both of my 
Masters students this year produced work which can be put into publication.  Cheri 
Doucette worked with me on developing a model of urban growth/decay using a cellular 
automata model [IV].  This work uses a local Richmond neighborhood as a template for 



examining the negative impact that the introduction of a major roadway can have on the 
viability of a neighborhood.   
 
Nicole O’Neil developed an agent based model of cancer cells growing near healthy cells 
and then modeled the effect of radiotherapy on both the cancer and healthy cells [V].  It is 
known that cells have different sensitivity to radiation depending on which stage of the 
cell cycle they are in.  Furthermore, the impact of bystander radiation was explored.  It is 
thought that radiated cells effect neighboring cells after the treatment has ended, but this 
is a large unknown in cancer treatment.  I currently have a high school student (Hans 
Prakash) working on this cancer model with me this summer to fine tune the levels of 
bystander effects in the model and then the work will be ready for publication. 
 
Gigi Meyer (Ph.D. student) and I are working on developing a model of chronic infection 
in Crohn’s Disease.  This work builds on some of the inflammatory dynamics from the 
wound healing model, but moves it into a new context.  The goal of the project is to 
understand how diet, specifically a diet high in fatty acids, can help to reduce the chronic 
inflammation associated with Crohn’s Disease. 
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