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Page 2 – Project Description 

Scientific 
Excellence (500 
words) 

Prosthetic joint infection (PJI) is a major complication of 
arthroplasty surgery, arising in 1-3% of all primary procedures. 
Arthroplastic surgery and PJIs are commonly associated with an 
aging population with the mean age of patients receiving primary 
hip, knee or ankle replacement surgery in England and Wales 
being 68 years1 In arthroplasty, surgeons typically use antibiotic 
prophylaxis to prevent infection. Antibiotics can be delivered 
systemically or via a local depot contained within antibiotic-loaded 
bone cement. Increasingly cementless procedures are performed 
and so only systemic antibiotic delivery can be used in these cases. 
Therefore the ability to provide local antibiotic release without the 
need for antibiotic loaded cement would mark a significant 
advance in prevention and treatment of PJI. 
 
The applicants have developed a silica-based thin film coating 
able to provide controlled release of antimicrobial agents within a 
defined timeframe. Previous work from an MRC-DPFS grant (led at 
SHU by Smith; Le Maitre CoI; Nichol performed coating 
formulation and antimicrobial work as a postdoc.) demonstrated 
that this coating can provide elution of gentamicin with a defined 
timeframe; achieve clinically relevant levels of antimicrobial, with 
effective killing of bacteria; and excellent biocompatibility to 
osteoblastic cells, supporting efficient bone healing in vivo (small 
animal model). The proposed supervisory team have shown this 
technology can deliver a range of bioactive agents, and have 
previously utilised nanoparticles (NPs) to tune molecule delivery 
and have significant expertise in characterising antimicrobial 
elution from drug delivery systems. The current application builds 
upon this initial research to develop a wider profile of 
antimicrobials that can be delivered via this technology and so 
address the issue of antimicrobial resistance. The performance of 
the coating will be assessed by development of a tissue culture 
infection system able to model bone loading and infection. Dr Mel 
Lacey who has expertise in bacterial signalling and biofilm 
formation will collaborate on the project and advise on biofilm 
modelling and transcriptomics. This will provide valuable data of 
likely in vivo performance and minimise the use of animal testing 
as set out by the 3Rs initiative. This data will be also valuable in 
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securing the commercial interest needed to bring this technology 
to market. The applicants aim to utilise the sol gel /nanoparticle 
drug delivery systems to develop ‘smart’ coatings capable of 
delivering antimicrobial prophylaxis in the short term, whilst 
providing a depot of antimicrobial that can be released in case of 
subsequent infections e.g. by haematogenous spread 
 
Dr Gref’s group in Paris have an established international 
reputation in developing nanoparticle systems for controlled 
release of therapeutics.  Dr Gref has a strong track record of EU 
funding, >150 publications H-index 47. The SHU team’s 
collaboration with Dr Gref has been initiated with funding from the 
Royal Society (PI Smith; CoI Nichol). Preliminary data have 
confirmed that antibiotic-loaded nanoparticles within a sol gel 
coating can be eluted in a controlled manner, release of the 
antibiotic from the nanoparticles can be controlled by changes in 
pH and released antibiotic is active against a panel of clinically 
relevant organisms. 

Aim (400 words) 
 

Hypothesis: 
An antimicrobial sol-gel coating containing nanoparticles can be 
developed for prosthetic devices, and shown to be effective in a 
novel 3D tissue culture model of orthopaedic infections.  
 
Aim:  
To develop an optimised prosthetic coating to provide (1) a burst 
release of antibiotics to prevent infection from surgery and (2) a 
depot of antibiotic-containing nanoparticles from which 
antimicrobial release will be activated if infection occurs in future. 
This will be achieved via cycles of coating/nanoparticle formulation 
improvement and multidisciplinary testing (Figure 1).  
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Figure 1: Experimental Design 
 
Methodology 
Sol-Gel formulation and Characterisation 
Coatings will be adapted to incorporate antimicrobials and 
nanoparticle combinations. Elution will be assessed by LC-MS and 
ICP-MS. Antimicrobial activity will be assessed against planktonic 
bacteria and biofilms.  
  
Biofilm Modelling 
We will develop polymicrobial biofilm models to determine effects 
of antimicrobials on bacterial transcriptomes, to characterise how 
harmful microorganisms can colonise orthopaedic materials. Prof 
Rob Townsend, Consultant Clinical Microbiologist (Northern 
General Hospital Sheffield) will advise on relevant species to 
include. Dr Melissa Lacey, who has expertise in bacterial signalling 
and biofilm formation, will advise on transcriptomic analysis. 
 
Ex vivo tissue model for biocompatibility testing and modelling of 
later-occurring infections:  
Bovine tail vertebrae will be utilised to develop an ex vivo culture 
system within a biomechanically loaded environment using an 
Electroforce 5210 system. Bone fixation to the coatings will be 
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assessed using μCT, histology and immunohistochemical analysis. 
Efficacy of the coatings to combat infection that may occur much 
later than surgery (e.g. haematogenous infections) will be tested 
by perfusion of bacteria through the loaded culture system. 
Fluorescently tagged nanoparticles will be utilised to monitor 
penetration of the particles into the deep tissue surrounding 
implants.  
 
In vitro pull out testing:  
Following culture under dynamic loading for 3 weeks (to enable 
bone fixation and attachment) tensile testing will be performed to 
determine the strength of implant fixation into the bone.    
 
Innovations 
We will develop bifunctional coatings for prosthetic implants to (1) 
prevent infection during surgery and (2) trigger controlled release 
of antibiotic to combat future infections. The ex vivo 
biomechanical loading model of bone infection will enable testing 
of implant coatings and other future bone therapies, reducing 
animal testing in line with 3Rs. We will also develop a biofilm 
model to determine the changes in gene expression in response 
to antimicrobial challenge. Collectively, the results will provide 
valuable insights into improved antimicrobial therapies and 
increased quality of life, particularly for older patients.   

Strategic 
Relevance (300 
words) 

Arthritis is the leading cause for disability worldwide with 
increasing incidence with age. Individuals with severe joint 
damage are left with no choice other than a hip or knee 
replacement (arthroplasty), with over half of all replacements 
taking place in older adults (>65years)1. The success of these 
replacements is crucial to the quality of life and maintained activity 
of these individuals. However, infections of prosthetic implants are 
a major cause of implant failure and lead to decreased quality of 
life and morbidity particularly in the elderly. The development of a 
novel sol-gel coating in this project which can deliver both a burst 
of antibiotics and a depot of nanoparticles which can release 
antibiotics upon a bacterial trigger will lead to decreased 
prosthetic related infection. This will substantially promote 
healthier ageing. 
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Interdisciplinarity 
and fit with DTA3 

This project brings together an interdisciplinary team utilising a 
number of cutting-edge techniques and technologies to develop a 
novel coating for prosthetic implants which has potential to 
improve the lives of aging population.  The project incorporates 
microbiology, tissue engineering, biomechanics and materials 
science. 

Industrial 
Relevance (300 
words) 
Detail external 
placement 
opportunities or 
collaborations 
available as part of 
the project 

Despite the large global market for orthopaedic devices, there is 
currently no generally applicable antibiotic release coating for 
cementless prostheses on the market nor, to our knowledge, near 
to market. Previous discussions with device manufacturers have 
indicated that partnership opportunities exist to develop the 
team’s coating systems but that additional evidence is needed of 
in vivo antimicrobial efficacy. The work proposed here would 
provide that evidence in an ex vivo system, as a prelude to a 
targeted animal trial in collaboration with a commercial partner. 
The combined formulation of the coating and nanoparticles will 
represent novel IP, for which protection will be sought worldwide 
through the University’s research and Innovation Office. 
 
The applicants will work closely with Dr Ruxandra Gref at Université 
Paris Sud, Paris, France who in addition to providing nanoparticles 
for the project, will host a visit by the student to participate in 
characterisation and reformulation of the nanoparticles. This will 
provide valuable knowledge of nanoparticle chemistry and allow 
the student and the student to develop novel antimicrobial 
nanoparticle systems. Funding of up to £3,000 from the 
Microbiology Society (Research Visit Grant) and €4000 from the 
Federation of European Microbiological Societies will be sought to 
fund the visit. 

Economic and 
Societal Impact 
(300 words) 

Economic 
The global orthopaedic devices market was worth $45.8 billion in 
2015 and has showed rapid growth over the past two decades 
(average 8.9% per year)2. In the United states between 2001 - 2009, 
the annual cost of infected revisions rose from $320 million to $566 
million and has been predicted to rise to $1.62 billion by 20203 . 
 
The technology enabled by the proposed work will be valuable to 
the orthopaedic sector though device sales and valuable to 
healthcare providers though savings on treatment of PJI, since the 
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cost of revision procedures to treat PJI is 3-6 times that of the 
original implantation. In the UK, the cost of hip revision procedures 
alone is around £22,000 per revision with the number of cases at 
approximately 1000 per year4. An antimicrobial coating that 
substantially reduced the rate of infection among the >90,000 
primary hip replacements performed annually in the UK would 
therefore be a substantial financial saving to the healthcare sector. 
 
Societal 
Prosthetic joint infection has a significant impact upon the patient 
with treatment for PJI involving increased pain and discomfort, 
longer stays in hospital. These procedures also require a greater 
duration antibiotic therapy which increases the chances of 
complications due to antibiotic resistant organisms. The chance of 
recurrent prosthetic joint failure after revision procedures also 
increases significantly compared to the original primary joint 
replacement.  
 
Results from the proposed work will contribute to the substantial 
portifolio of outreach activities that the team (particularly Le Maitre 
and Lacey). A diversity of events targeted at individuals from 
school age to adults will not only inform the public of this cutting-
edge research, but will also help them to communicate with 
healthcare providers and make treatment decisions more 
effectively when they and their family members require 
orthopaedic surgery. 
Reference: 
1. National Joint Registry for England, Wales, Northern Ireland and the Isle of 
Man. 15th Annual Report 2018, 
http://www.njrreports.org.uk/Portals/0/PDFdownloads/NJR%2015th%20Annual%2
0Report%202018.pdf. 
2. Piuzzi, N. S., Ng, M., Song, S., Bigach, S., Khlopas, A., Salas-Vega, S., & Mont, 
M. A. (2019). Consolidation and maturation of the orthopaedic medical device 
market between 1999 and 2015. European Journal of Orthopaedic Surgery & 
Traumatology, 1-8. 
3. Kurtz, S. M., Lau, E., Watson, H., Schmier, J. K., & Parvizi, J. (2012). Economic 
burden of periprosthetic joint infection in the United States. The Journal of 
arthroplasty, 27(8), 61-65. 
4. Vanhegan, I. S., Malik, A. K., Jayakumar, P., Ul Islam, S., & Haddad, F. S. (2012). 
A financial analysis of revision hip arthroplasty: the economic burden in relation to 
the national tariff. The Journal of bone and joint surgery. British volume, 94(5), 
619-623. 
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Page 3 – Admission Requirements 

 

Specific Admission 
Requirements 
Detail any subject 
specific degree 
qualifications or 
disciplines, relevant 
skills, experience 

The student should have a good honours degree in the 
biological sciences. 

Minimum IELTS score 6.5 

 

 


