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An Artificial Intelligence (AI) interview to the President of the World 
Association against Infection in Orthopedics and Trauma.

INTERVIEW

: Good morning, Mr. President. 
Thank you for taking the time to speak 
with us today. As the President of the 
WAIOT, we are interested in discussing 
musculoskeletal infections, which are a 
significant concern in the field. Can you 
provide us with an overview of the cur-
rent landscape and the challenges asso-
ciated with musculoskeletal infections?

WAIOT President (W.P.): Good morning, 
and thank you for having me. Musculo-
skeletal infections indeed pose a signifi-
cant challenge in the field of orthopedics 
and related disciplines. These infections 
can affect various parts of the musculo-
skeletal system, including bones, joints, 
muscles, and soft tissues. They can be 
caused by bacteria, fungi, or viruses, with 
bacteria being the most common culprits.

The challenges associated with musculo-
skeletal infections are multi-faceted. First 
and foremost, early diagnosis is crucial, 
as prompt intervention can help prevent 

severe complications. However, diagnos-
ing these infections can be challenging 
because their symptoms can mimic other 
conditions, such as arthritis or trauma. 
Additionally, obtaining accurate microbial 
cultures can be difficult due to the pres-
ence of biofilms that protect the infecting 
organisms.

Treatment of musculoskeletal infections 
is complex and often requires a multidis-
ciplinary approach. It typically involves a 
combination of surgical intervention, such 
as debridement or implant removal, and 
long-term antimicrobial therapy. Howev-
er, the choice of antimicrobial agents can 
be complicated due to the increasing prev-
alence of antibiotic-resistant strains. Fur-
thermore, managing complications such 
as chronic osteomyelitis or infected joint 
prostheses adds another layer of complex-
ity. (Figure 1)
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EDITORIAL

As the first and the largest worldwide scientific association spe-
cifically focused on research, prevention and management of 
musculo-skeletal infection (MSI) and on biofilm- and implant-re-
lated infections in Orthopedic and Trauma, WAIOT is committed 
to raise the awareness and the knowledge in the medical scienti-
fic community about the MSI “silent epidemic”, (1) causing every 
year millions of deaths and disabilities throughout the world.

Founded in Vienna, in May 2017 and currently with more than 
2,300 members from 109 Countries, WAIOT is an open, free 
and inclusive scientific association, aimed at bringing together 
all professionals interested in MSI from all over the world. Free of 
charge, easy to access, open to the participation of experts from 
different disciplines and with a worldwide perspective, WAIOT 
is quite unique in the orthopedic and trauma scientific associa-
tions’ panorama.

In line with the continuing cooperation between WAIOT and the 
MO Journal to share new insights and perspectives in the field of 
musculo-skeletal infections, this Special Issue opens with a very 
particular interview, that will bring us directly into the future of 
the artificial intelligence (AI), with its tremendous possibilities 
(and connected risks...) to change the approach to the scientific 
knowledge and to its dissemination.

Our travel in the world of the musculo-skeletal infections then 
continues in this Special Issue with a fascinating journey into 
how the micro-organisms live in fluids. In “Bacteria living in 
biofilms in fluids: can we improve our cultural examination of 
synovial and other organic liquids ?” we learn that bacteria live 
as well-organized communities not only when attached to solid 
surfaces, but also when immersed in liquids. This observation 
may ground the basis of a substantial paradigm shift in micro-
biological analysis of liquids and eventually of semi-liquid sam-
ples. In fact, as it already happens with physical (sonication) or 
chemical (dithithreitol, DTT) antibiofilm pretreatments of solid 
samples, it is here disclosed that chemical antibiofilm pretre-
atment with DTT of a biological liquid (synovial fluid) provides 
a significant increase in the sensitivity of cultural examination. 
Should this observation hold true in further studies and for other 
fluids, like for example urine, blood, or liquor, or semi-fluids, as 
feces or pus, this would lead to a complete revolution in the field 
of microbiology, extending antibiofilm pretreatment to all fluid 
samples.
  
The role of rare and the difficult-to-treat pathogens is then the 
focus of two papers, from Saudi Arabia and Argentina respecti-
vely, which shed some light on these highly challenging orthope-
dic conditions, providing an overview of the literature and some 
practical tips for our daily clinical activity.

Three more technical notes complete this rich MO Special Issue: 
the first, focusing on a novel surgical procedure, comes from 
the large experience of Prof. Alizadeh and his co-workers from 
Azerbaijan, that tells us how to manage severe osteomyelitis 
of the calcaneus; a second paper outlines the Ilizarov princip-
les in post-infection leg bone defect, revisited from the Egyp-
tian perspective, and, last, but not least, a “mise-au-point” of 
the decision-making process in peri-prosthetic joint infection 
is provided by Prof. J. Benevenia, the WAIOT President, and his 
team from the USA.

More about these and many other topics will be discussed at 
the next WAIOT Symposia, that will be held in Cairo (Egypt) on 
November 24, 2023 at the 43rd SICOT Orthopedic World Con-
gress, in Rosario (Argentina) during the 33rd AAOT Congress on 
December 2023 and, next year, at the 3rd WAIOT International 
Congress, that will be held in Miami, FL, USA, September 12-13, 
2024 

[www.waiotcongress2024.com]

Carlo L. Romanò, 
Studio Medico Cecca-Romano – Corso Venezia, 2 
20121 Milano, Italy
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The World Association against Infection in Orthopedics and Trauma (WAIOT): 
Continuing the fight to the musculo-skeletal infection silent epidemic.
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professors in various subspecialties. His commitment, integrity, and ethical 
standards are evidenced by his ownership of 3 worldwide patents to accelerate 
bone healing in post-operative patients. 

As a prolific researcher with over 120 peer-reviewed publications, Dr Beneve-
nia utilizes allograft, endoprosthetic reconstructions and limb-salvage techni-
ques to treat musculoskeletal tumors. As a renowned Orthopaedics surgeon, 
Dr. Benevenia presents at the annual AAOS and EMSOS meetings. Currently, 
he is the President of WAIOT and the Vice-Chair of the Tumors Subspecialty 
Committee of SICOT.

: How prevalent are musculoskeletal 
infections, and what are the common 
risk factors associated with them?

W.P.: Musculoskeletal infections are re-
latively rare compared to other types of 
infections. However, they can have signi-
ficant consequences if not diagnosed and 
treated promptly. The incidence of these 
infections can vary depending on the spe-
cific condition and the population being 
studied.

Common risk factors for musculoskeletal 
infections include open wounds or injuries 
that expose the musculoskeletal system to 
pathogens, compromised immune system 
function, chronic medical conditions such 

as diabetes or peripheral vascular disease, 
intravenous drug use, recent surgery or 
orthopedic procedures, and the presence 
of prosthetic devices or implants.

: What are the primary symptoms 
and diagnostic methods used for identi-
fying musculoskeletal infections?

W.P.: The symptoms of musculoskeletal 
infections can vary depending on the spe-
cific condition and the area of the body af-
fected. However, common symptoms may 
include localized pain, swelling, redness, 
warmth, tenderness, limited range of mo-
tion, fever, chills, and overall malaise.
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reus (MRSA) and extended-spectrum be-
ta-lactamase (ESBL)-producing bacteria, 
has complicated the treatment of muscu-
loskeletal infections.

Treatment options become limited when 
the causative organisms are resistant to 
commonly used antibiotics. This often 
leads to increased hospital stays, higher 
healthcare costs, and a higher risk of treat-
ment failure. It is crucial that we promote 
antimicrobial stewardship and encoura-
ge research to develop new antimicrobial 
agents and alternative treatment strate-
gies to combat these resistant infections 
effectively.

: Antimicrobial stewardship is in-
deed a critical aspect of combating resis-
tance. In terms of research, what recent 
advancements or breakthroughs have 
been made in the field of musculoskele-
tal infection management?

W.P.: Recent years have witnessed signi-
ficant advancements in the field of mu-
sculoskeletal infection management. One 
notable area of progress is the use of bio-
film-targeting strategies. Biofilms are 
communities of bacteria that adhere to 
surfaces, making them difficult to eradi-
cate and highly resistant to antibiotics. Re-
searchers are exploring novel approaches, 
such as antimicrobial peptides, anti-bio-
film agents, and innovative implant coa-
tings, to prevent and treat biofilm-asso-
ciated musculoskeletal infections.

Additionally, there have been advance-
ments in diagnostic techniques. Molecular 
diagnostic methods, including polymera-
se chain reaction (PCR) and next-genera-
tion sequencing (NGS), have enhanced our 
ability to rapidly identify causative orga-
nisms and detect antimicrobial resistance 
genes. These advancements aid in the se-
lection of appropriate antimicrobial the-
rapy and facilitate personalized treatment 
strategies.

: With the rising incidence of antibio-
tic-resistant strains, how is the scienti-
fic community addressing this issue and 
finding innovative solutions?

W.P.: The emergence of antibiotic-re-
sistant strains has undoubtedly added a 
significant challenge to the treatment of 
musculoskeletal infections. The scientific 
community is actively engaged in com-
bating this issue through various approa-
ches. One approach is the development 
of new antimicrobial agents specifically 
targeted against resistant strains. Resear-

chers are exploring novel compounds, in-
cluding antimicrobial peptides and new 
classes of antibiotics, to overcome the re-
sistance mechanisms employed by these 
bacteria.

Another critical aspect is optimizing the 
use of existing antibiotics. By promoting 
appropriate antibiotic stewardship, we 
can reduce the development of resistan-
ce and preserve the efficacy of currently 
available agents. This involves educating 
healthcare professionals about appropria-
te prescribing practices, emphasizing the 
importance of completing full courses of 
antibiotics, and discouraging the inappro-
priate use of broad-spectrum agents.

Additionally, researchers are investigating 
alternative treatment modalities, such 
as immunotherapies and phage therapy, 
which utilize the body's immune response 
or bacteriophages, respectively, to target 
and eliminate infecting organisms.

Collaboration between scientists, clinici-
ans, and industry stakeholders is vital in 
addressing the challenge of antibiotic re-
sistance. By fostering partnerships and 
promoting research, we can develop inno-
vative solutions to combat musculoskele-
tal infections more effectively.

: Are there any emerging technolo-
gies or advancements that show promi-
se in the field of musculoskeletal infec-
tion management?

W.P.: Absolutely! Several emerging tech-
nologies and advancements hold promise 
in the management of musculoskeletal 
infections. One area of interest is the de-
velopment of advanced imaging techni-
ques. Improved imaging modalities, such 
as molecular imaging and advanced MRI 
techniques, allow for better visualization 
of infection sites, aiding in diagnosis and 
treatment planning. These techniques can 
help identify the extent of infection, assess 
the response to treatment, and guide sur-
gical interventions.

Additionally, there is growing interest in 
the field of biomaterials and tissue engi-
neering for the management of musculos-
keletal infections. Researchers are inves-
tigating the development of antimicrobial 
coatings for orthopedic implants, which 
can help reduce the risk of implant-asso-
ciated infections. Furthermore, tissue en-
gineering approaches aim to create bioac-
tive scaffolds or grafts that promote tissue 
regeneration and simultaneously combat 
infections.

INTERVIEW

Figure 1: 3D rendering of a bone infection

To diagnose musculoskeletal infections, 
healthcare providers typically perform a 
thorough physical examination and review 
the patient's medical history. They may 
also order laboratory tests such as blood 
cultures, imaging studies like X-rays, mag-
netic resonance imaging (MRI), computed 
tomography (CT) scans, or ultrasound. In 
some cases, they might need to collect a 
sample of fluid or tissue from the affected 
area for laboratory analysis.

: How do musculoskeletal infections 
differ in terms of treatment approa-
ches?

W.P.: The treatment of musculoskeletal 
infections depends on several factors, in-
cluding the type and severity of the infec-
tion, the affected area, the patient's overall 
health, and the presence of any underlying 
conditions. In general, the goal of treat-
ment is to eliminate the infection, relieve 
symptoms, and preserve the function of 
the musculoskeletal system.

Treatment approaches may include a 
combination of antibiotics, surgical inter-
vention, drainage of abscesses, debride-
ment (removal of infected tissue), and, in 
some cases, the removal of prosthetic de-
vices or implants. Antibiotics are typically 
administered intravenously in severe ca-
ses or orally for less severe infections.

: Thank you for that overview. With 
the rising concern about antimicrobial 
resistance, how does this issue impact 
the treatment and management of mu-
sculoskeletal infections?

W.P.: Antimicrobial resistance is a global 
health threat that affects the management 
of all types of infections, including mu-
sculoskeletal infections. The emergence 
of multidrug-resistant organisms, such as 
methicillin-resistant Staphylococcus au-
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Another exciting area is the use of nano-
technology for targeted drug delivery. Na-
noparticles can be engineered to deliver 
antimicrobial agents directly to the site of 
infection, increasing their effectiveness 
while minimizing systemic side effects.

These advancements, coupled with ongo-
ing research, hold tremendous potential 
in improving the outcomes for patients 
with musculoskeletal infections. They 
provide hope for more effective and targe-
ted therapies in the future.

: Those are indeed exciting advance-
ments that offer hope for improved pa-
tient outcomes. Considering the multi-
disciplinary nature of musculoskeletal 
infection management, what role does 
collaboration between various special-
ties play in addressing this issue?

W.P.: Collaboration between various spe-
cialties is paramount in effectively ad-
dressing musculoskeletal infections. The 
complexity of these infections requires the 
expertise of different disciplines to ensure 
comprehensive patient care.

Orthopedic surgeons play a crucial role 
in diagnosing and managing the surgical 
aspects of these infections, including de-
bridement and implant-related issues. 
Infectious disease specialists provide ex-
pertise in antimicrobial therapy, including 
appropriate choice, dosing, and duration 
of antibiotics. Microbiologists aid in iden-
tifying the pathogens and their antibiotic 
sensitivity.

: What advice would you give to he-
althcare professionals, researchers, and 
the general public regarding musculos-
keletal infections?

W.P.: For healthcare professionals, ear-
ly recognition and prompt treatment are 
crucial in managing musculoskeletal in-
fections effectively. It's essential to main-
tain a high index of suspicion in patients 
with risk factors, and promptly refer them 
for further evaluation if an infection is su-
spected. Collaboration between different 
medical specialties, such as orthopedics, 
infectious diseases, and radiology, is also 
important in providing comprehensive 
care.

Researchers should continue to explore 
new avenues in musculoskeletal infection 
research, focusing on developing more 
accurate diagnostic tools, effective treat-
ments, and preventive strategies. Colla-
boration and sharing of knowledge across 

institutions and countries can greatly 
accelerate progress in this field. For the 
general public, practicing good hygiene, 
especially in wound care and surgical inci-
sions, can help prevent infections. It's im-
portant to promptly seek medical atten-
tion if any signs or symptoms of infection 
develop, particularly in individuals with 
underlying health conditions or recent 
surgeries. (Figure 2)

: Can you shed some light on the eco-
nomic burden imposed by these infecti-
ons?

W.P.: Musculoskeletal infections not only 
have significant health implications but 
also impose a considerable economic bur-
den on individuals, healthcare systems, 
and society as a whole. The economic im-
pact arises from various factors, including 
direct healthcare costs, indirect costs, and 
the social repercussions faced by affected 
individuals.

Direct healthcare costs encompass expen-
ses related to hospitalizations, surgeries, 
diagnostic tests, antimicrobial therapy, 
and outpatient visits. Musculoskeletal 
infections often require prolonged treat-
ment courses, sometimes extending over 
months or even years. This can result in 
substantial healthcare expenditures, espe-
cially when considering the cost of mul-
tiple surgeries, the need for long-term 
antibiotic therapy, and the management 
of complications. Indirect costs arise from 
lost productivity, work absenteeism, and 
disability resulting from musculoskeletal 
infections. These infections can severely 
impair an individual's ability to perform 
daily activities, work, or pursue their li-
velihoods. The extended recovery periods 
and potential long-term complications 
can lead to substantial income loss for af-
fected individuals, negatively impacting 
their financial well-being.

Furthermore, there are social implicati-
ons associated with musculoskeletal in-
fections. These infections can cause phy-
sical limitations, pain, and disfigurement, 
affecting the quality of life and psychologi-
cal well-being of patients. The burden ex-
tends to the emotional toll on families and 
caregivers who provide support and assis-
tance during the treatment and recovery 
phases. (Figure 3)

: Given the significant economic and 
social impact of musculoskeletal infecti-
ons, what measures should institutions 
take to allocate more resources to ad-
dress this challenge effectively?

W.P.: Institutions, including governments, 
healthcare organizations, and research 
funding bodies, play a crucial role in all-
ocating resources to address the challen-
ges posed by musculoskeletal infections. 
Here are some measures that can help en-
sure adequate resources are available:

1.	 Increased funding for research: In-
stitutions should prioritize funding 
for research dedicated to musculos-
keletal infections. This includes basic 
science research, clinical trials, and 
translational studies focused on deve-
loping innovative diagnostic tools, ef-
fective treatment strategies, and pre-
ventive measures. Adequate funding 
will enable researchers to explore new 
avenues and develop novel interventi-
ons.

2.	 Enhanced surveillance and data col-
lection: Robust surveillance systems 
are essential for understanding the 
prevalence, incidence, and burden of 
musculoskeletal infections. Instituti-
ons should invest in the development 
of comprehensive databases that can 
capture accurate epidemiological 
data. This information will help in 
resource planning, identifying high-
risk populations, and monitoring the 
effectiveness of interventions.

3.	 Strengthened healthcare infras-
tructure: Institutions should allocate 
resources to improve healthcare in-
frastructure and capacity, particularly 
in regions where access to specialized 
care may be limited. This includes 

INTERVIEW

Figure 2: 3D rendering of a bone infection
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enhancing the availability of orthope-
dic surgeons, infectious disease spe-
cialists, and microbiologists who are 
well-trained in managing musculos-

laboration, and antimicrobial stewardship 
programs. By doing so, we can make sub-
stantial progress in improving outcomes 
for patients and minimizing the burden of 
musculoskeletal infections on individuals 
and society as a whole.

: Lastly, what role does WAIOT play 
in addressing musculoskeletal infecti-
ons, and what initiatives are currently 
being undertaken to tackle this challen-
ge?

W.P.: The WAIOT is committed to advan-
cing knowledge and promoting excellence 
in the field of musculoskeletal infections. 
We play a pivotal role in fostering collabo-
ration among researchers, clinicians, and 
industry partners. Our society organizes 
international conferences, symposia, and 
workshops where experts come together 
to share their latest research findings, di-
scuss challenges, and explore innovative 
solutions. We also provide educational re-
sources, such as webinars, online courses, 
and publications, to disseminate up-to-
date information on the diagnosis, treat-
ment, and prevention of musculoskeletal 
infections. These resources are aimed at 
healthcare professionals, including or-
thopedic surgeons, infectious disease 
specialists, and microbiologists, who are 
at the forefront of managing these infec-
tions.Furthermore, our society actively 
supports research in this field through 
grants and awards, encouraging scientists 
to pursue innovative studies focused on 
musculoskeletal infections. We also colla-
borate with other scientific organizations, 
industry partners, and governmental bo-
dies to advocate for increased funding and 
attention to this critical area of research.

By promoting collaboration, education, 
and research, we strive to make signifi-
cant contributions to the prevention, dia-
gnosis, and treatment of musculoskeletal 
infections, ultimately improving patient 
outcomes.

: Thank you, Mr. President, for sha-
ring your insights and highlighting the 
challenges and advancements and for 
emphasizing the need for institutions to 
provide more resources to address this 
issue. Your insights shed light on the im-
portance of comprehensive approaches 
involving research, education, and col-
laboration to improve patient outcomes 
and minimize the societal burden. Your 
society's dedication to research, collabo-
ration, and education is commendable. 
We appreciate your time and expertise 
today.

Figure 3: AI generated picture of “a femur 
colonized by bacteria”.

keletal infections. Access to advanced 
imaging facilities, microbiology labo-
ratories, and rehabilitation services 
should also be prioritized.

4.	 Education and awareness pro-
grams: Institutions should invest in 
educational initiatives targeting he-
althcare professionals, patients, and 
the general public. Training programs 
can help healthcare professionals stay 
updated with the latest advancements 
in musculoskeletal infection manage-
ment. Public awareness campaigns 
can educate individuals about pre-
ventive measures, early recognition 
of symptoms, and the importance of 
seeking timely medical care.

5.	 Collaboration and interdisciplinary 
approaches: Institutions should en-
courage collaboration between diffe-
rent specialties, such as orthopedics, 
infectious diseases, microbiology, and 
public health. This interdisciplinary 
approach facilitates the exchange of 
knowledge, fosters innovation, and 
ensures a comprehensive understan-
ding of musculoskeletal infections.

By implementing these measures, institu-
tions can better address the economic and 
social impact of musculoskeletal infecti-
ons and improve patient outcomes.

Overall, it is crucial for institutions to re-
cognize the significant economic and so-
cial impact of musculoskeletal infections 
and allocate adequate resources to re-
search, education, multidisciplinary col-

W.P.: Thank you for having me, and I hope 
our discussion contributes to raising awa-
reness and driving positive change in the 
management of musculoskeletal infecti-
ons. It was my pleasure to share my per-
spectives, and I look forward to continued 
efforts to address this significant health-
care challenge. g 

*****

All the questions and answers of the interview 
were automatically generated by Chat_GPT4 
in five different rounds through June 2023, in 
which the AI was requested to “write an inter-
view on musculoskeletal infection with the 
President of a scientific society in the field” or 
to “write an interview on musculoskeletal in-
fection with the President of a scientific society 
in the field focusing on their economic and so-
cial impact and on the need for institutions to 
provide more resources”. 

*****

Human post-production was limited to put the 
term “WAIOT” where the AI did mention the 
“scientific society XXX” and to perform a mi-
nimal re-assembly of the questions and answers 
across the five interviews, in order to avoid repe-
titions. All the interviews were in fact stand—
alone and were different both in the type and the 
format of the questions and answers that were 
generated by the artificial intelligence.

Images throughout the text were generated by the 
respective AI platforms, under the command re-
ported in the legend of each picture.

*****

The World Association against Infection in 
Orthopedics and Trauma is committed to ex-
plore the limits and to take advantage of the 
new and effective applications of the Artificial 
Intelligence in the field of musculoskeletal in-
fections.

Anyone interested in this research may contact 
Dr. Carlo L. Romanò at ai@waiot-world .

*****

Acknowledgement: Carlo L. Romanò, the vir-
tual “Interviewer” thanks the real W.A.I.O.T.  

President, Prof. Joseph Benevenia, for accepting 
to be for a while embodied by his virtual ava-
tar…
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UPDATE

INTRODUCTION

Microorganisms are often considered 
as freely suspended cells, defined as 
planktonic, and classified on their growth 
characteristics in a culture media. Howe-
ver, Antonie Philips van Leeuwenhoek, 
already   in the seventeenth century des-
cribed the existence of surface-associated 
microorganisms, growing and living 
in communities.  Biofilms-embedded 
microorganisms show typical mecha-
nisms for initial attachment to a surface, 
development of a community structure, 
and detachment [1].

A biofilm is an assemblage of microbial 
cells, associated together on a surface and 
enclosed in a matrix of primarily poly-
saccharide material, living like in a pro-
per ecosystem. Depending on the envi-
ronment in which the biofilm is formed, 
non-cellular materials such as mineral 
crystals, clay and silt particles, corrosion 
particles, and blood components may also 
be present in the biofilm matrix. Orga-
nisms associated with biofilms also differ 
from planktonic with respect to transcri-
bed genes. Within the ecosystem of the 
biofilm, bacteria have developed a com-
munication system called “Quorum sen-

ties, enhanced resistance of the microor-
ganisms to antimicrobials, enormous 
additional costs for the health care sys-
tems, the patients and their families, and 
increased mortality rates. The prevalence 
of HCAI is estimated to be between 5.7% 
and 19.1%. 

According to some estimates, 65–80% 
of total human infections are associated 
with biofilm formation and include: 
periodontitis/dental caries, cystic fibro-
sis lung infection, chronic otitis media, 
infective endocarditis, chronic osteomye-
litis, chronic rhinosinusitis, chronic 
tonsillitis, chronic peritonitis, chro-
nic prostatitis, chronic wounds, recur-
rent urinary tract infections (UTIs), 
bloodstream infections (BSIs), venti-
lated-associated pneumonia and infec-
tions associated with indwelling medical 
devices (e.g., contact lenses, heart valves, 
joint prostheses, and other orthopedic 
implants, intrauterine devices, intravas-
cular catheters, urinary tract catheters, 
peritoneal catheters, etc.) [3]

In humans, bacterial and fungal biofilms 
may form on a wide variety of surfaces, 
including living tissues, foreign bodies 
and biomaterials; the solid-liquid inter-
face between a surface and an aqueous 
medium (e.g., water, blood) provides an 

sing”, which allows them to coordinate 
their behavior using chemical molecules 
as signals. Quorum sensing communica-
tion system allows the microorganisms 
to orchestrate the group behavior, resul-
ting in maximum benefit for the whole 
bacteria population living in the biofilm. 
[2]

As the knowledge of biofilms improved, 
it become more and more evident in the 
last decades that this is the predominant 
lifestyle of bacteria and fungi and an exa-
mple of an extremely successful physio-
logical adaptation, as they thrive in most 
natural environments as well as in harsh 
conditions. 

Unfortunately, biofilms are also often 
associated with the majority of human 
infectious diseases and can negatively 
impact health. Indeed, biofilms offer to 
microorganisms an enormous capacity 
to resist host immune system defenses 
and antimicrobial therapy. In healthcare 
environments, the persistence of the 
microorganisms is extended by the for-
mation of biofilms, being responsible for 
the onset and spread of hospital-care-as-
sociated infections (HCAIs) (also referred 
to as “nosocomial” or “hospital acquired” 
infections). HCAIs can result in pro-
longed hospital stays, long-term disabili-

BACTERIA LIVING IN BIOFILMS IN FLUIDS: CAN WE 
IMPROVE OUR CULTURAL EXAMINATION OF 
SYNOVIAL AND OTHER ORGANIC LIQUIDS ?

Alessio GIANNETTI1,2, Andrea FIDANZA1,3, Carlo Luca ROMANÒ4, Giandomenico LA-
GROSCINO1, Alessio CIUFFOLETTI2, Costantino ROSSI3, Thami BENZAKOUR5, Hazem 

ALKHAWASHKI6, Guenter LOB7, Andreas MAVROGENIS8, Konstantinos TSIKOPOULOS9, 
Lorenzo DRAGO10

1. Mininvasive Orthopaedic surgery - Department of life, Health & Environmental Sciences. University of L'Aquila, L'Aquila, Italy. 
2. Unit of Orthopaedics and Traumatology, "G. Mazzini" Hospital, Teramo (Te), Italy 

3. Unit of Orthopaedics and Traumatology, "SS Filippo e Nicola" Hospital, Avezzano (Aq), Italy
4. Studio Medico Associato Cecca-Romanò, Corso Venezia 2, 20121 Milan, Italy

5. Zerktouni Ortho Clinic, Casablanca, Morocco
6. Advanced Medical Center, Riyadh 12482, Saudi Arabia.

7. University of Munich, Emeritus Professor, Head of department of Traumatology, Germany
8. First Department of Orthopaedics, National and Kapodistrian University of Athens, School of Medicine, Athens, Greece

9. First Department of Pharmacology, School of Medicine, Faculty of Health Sciences, Aristotle University of post code Thessalo-
niki, Thessaloniki, Greece

10. Laboratory of Clinical Microbiology and Microbiome Unit, Department of Biomedical Sciences for Health, University of Milan, 
Italy - lorenzo.drago@unimi.it



MO JOURNAL EUROPE  //  9

UPDATE

ideal environment for the attachment 
and growth of microorganisms. The 
spreading of the biofilm on a surface 
is made possible by dispersion, a pro-
cess through which bacterial cells leave 
the biofilms, return to an independent 
planktonic lifestyle and eventually colo-
nize new surfaces to establish new bio-
film-based communities. [4]

Recently, the ability of bacteria to form 
biofilms in fluids, like synovial fluid, 
blood, urine, cerebrospinal fluids, has 
been reported. Biofilm formation in 
liquids proceeds through an initial 
adhesion process of bacterial cells one 
to the other, by forming an extracellu-
lar polymeric substance, that provides a 
three-dimensional structure for the bac-
terial cell’s aggregates, protecting them 
from the external environment. [5]

Aim of this article is to provide an over-
view of the bacteria living in human 
fluids, with a focus on the associated 
pathologic conditions and the impact that 
this phenomenon may have on the cultu-
ral examination of fluid samples.

SYNOVIAL FLUID

Periprosthetic joint infections (PJIs) 
represent a great challenge for the 
patients and the healthcare systems, 
due to the increased length of hospital 
stay, need for complex and expensive 
surgeries and prolonged antibiotic treat-
ments. [6,7] Recently, the presence of 
bacteria and biofilm aggregates floating 
in the synovial fluids of PJIs has been 
reported and associated to the resistance 
of bacterial joint infections to common 
treatments [8-9].  The ability of bacteria 
to live in biofilm aggregates may explain 
the limited efficacy of current microbio-
logical investigations of synovial fluids, 
with reported sensitivities as low as 41.6  
to 90% [10-11]. Moreover, the formation 
of fluctuating biofilm aggregates may 
compromise the ability of antibiotics to 
reach and kill the microbial cells, as it 
happens in bacteria living in biofilms 
adhering on a surface. Furthermore, the 
bacterial-protein interactions in these 
aggregates changes the production of 
virulence factors and the phenotype, 
inducing a marked tolerance to antibio-
tics [12]. Bacteria living in synovial fluids 
of PJI may substantially contribute to the 
development of a chronic condition dif-

ficult to diagnose and to  reat and thus 
requiring suitable antibiofilm strategies.

 

URINARY TRACT

Urinary tract infections (UTIs), one of the 
most common infections sustained by 
bacteria, represents a severe public health 
issue. The operating costs of these infec-
tions are estimated around US$3.5 billion 
per year in the US. UTIs may manifest in 
different forms such as cystitis, pyelone-
phritis, prostatitis, urethritis. Ideal envi-
ronment for attachment and colonization 
by uropathogens are urinary catheters. 
The most common agents responsible for 
complicated UTIs are Escherichia coli, 
Enterococcus spp., Klebsiella pneumoni-
ae, Candida spp., Staphylococcus aureus, 
Proteus mirabilis and Pseudomonas ae-
ruginosa. All these microorganisms have 
already been linked to biofilm formation 
[13]. Large fragments of the biofilms and 
high concentrations of microbial cells 
can detach from the catheter and flow 
into the bladder spreading the infection 
and leading to bacteriuria. In addition, 
uropathogens can form biofilm in the 
bladder and kidney, reducing antibiotic 
susceptibility and causing recurrent in-
fections. Biofilms play a central role in 
catheter associated UTIs especially in 
patients with prolonged catheterization, 
leading to increased morbidity and mor-
tality [14]. Bacterial populations living in 
biofilms show a more efficient and adap-
ted behavior, compared to planktonic 
bacteria, with improved chance of sur-
vival while the biofilm community sheds 
planktonic cells able to further colonize 
adjacent tissues [15]. 

BLOOD SYSTEM

 
Not less relevant and worrying than UTIs 
are the blood system infections (BSIs), 
ranked as the 12th cause of death in the 
USA, with the estimated mortality rate of 
15–30%.  Through the bloodstream mi-
croorganism can spread from a local in-
fection (endocarditis, meningitis, osteo-
myelitis…)  to distant sites. In addition, 
intravenous catheters are an important 
risk factor for BSIs. In fact, bacterial bio-
film can easily develop on the surface of 
this devices, and biofilm fragments or 
planktonic microorganism may spread 

into the bloodstream. The most often 
isolated pathogens in bacteremia are S. 
aureus, E. coli, K. pneuomoniae, P. aeru-
ginosa, Enterococcus faecalis, Staphylo-
coccus epidermidis, Enterobacter cloacae, 
Streptococcus pneumoniae, Enterococus 
faecium and Acinetobacter baumannii [15-
17]: all well-known biofilm-producers. As 
it happens with cultural examination in 
other fluids, blood cultures may often re-
sult in false negative findings. 

Cerebrospinal fluid (CSF) 
Thousands of CSF shunts are implanted 
every year as a treatment of hydroceph-
alus. To relieve cranial pressure in fact, 
CSF is generally shunted, from the cere-
bral ventricle into the peritoneal cavity. 
Common complications of this proce-
dure are intraventricular hemorrhage, 
obstruction, over drainage of CSF and 
infection. Clinical signs range from lo-
cal manifestations as ventriculitis, peri-
tonitis, to nephritis or septicemia, lead-
ing to high risk of seizures, decreased 
intellectual performance, and mortality 
[18]. Correct diagnosis and treatment of 
device-related infections are notorious-
ly difficult, because of bacteria forming 
biofilms. Diagnostic cultures of fluid as-
pirates and swabs are often falsely neg-
ative, presumably because of the very 
low chance to find cells in the planktonic 
state.  [19,20].

SALIVA

Van Leeuwenhoek, simply using his mi-
croscope, observed for the first-time 
microorganisms on tooth surfaces, the 
dental plaque [1]. Saliva under normal 
circumstances is sterile until it leaves the 
salivary duct and enters the oral cavity, 
where it is quickly contaminated by bio-
film-producer microorganisms. Bacteri-
al growth in the form of biofilm has been 
associated with most ear, nose, and throat 
infections [21]. Implanted biomaterials 
and other inert surfaces with poor host 
defense, such as salivary calculi, are sub-
ject to bacterial attachment and biofilm 
formation and also in this environment, 
pharmaceutical treatment and immune 
system have limited effect on bacteria liv-
ing in biofilm. Biofilm growth has been 
associated with chronic otitis media and 
mastoiditis as well as chronic infections 
of the adenoid tissue. Planktonic bacteria 
may shed from mature biofilm and being 
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the cause of an acute phase of infection 
such as a chronic and recurrent otitis me-
dia. Furthermore, the microbial diagnos-
tics in oral cavity are always complicated 
as the saliva in mouth is contaminated 
with the oral microbiome [21, 22], which 
currently form large amount of biofilms. 

TRACHEAL ASPIRATE

Nosocomial pneumonia represents about 
one quarter of all nosocomial infections 
and represents the first cause of nosoco-
mial infection in Intensive care unit, con-
tributing to extend the length of hospital-
ization, mortality and costs of treatment. 
Tracheal intubation in patient under 
mechanic ventilation in fact, increases 
the risk for infection ranging from six to 
twenty times higher. Bacteriological dia-
gnosis through specific specimen brush, 
bronchoalveolar lavage, and endotracheal 
aspirates have been nowadays standard-
ized but lack of specificity, as it is based 
on the identification of bacteria growing 
in tracheal secretion. It is necessary to 
consider that in ventilator-associated 
pneumonia biofilm plays an important 
role in the diagnosis as in the treatment. 
The endotracheal tube allows direct entry 
of microbial colonization of dental plaque 
and oropharynx, that has natural ability 
to form biofilm, into the lower respira-
tory tract. Then, bacteria within the bio-
film can infect the lungs by several ways: 
through detachment of biofilm portions 
that then reaches the lungs and by aspi-
ration into deeper airways of aerosolized 
planktonic pathogens detached from the 
biofilm [23,24].

DRAINS

In a wide variety of surgical specialties, 
closed suction drains are used for pre-
vention of haematoma and fluid accu-
mulation. Nevertheless, more and more 
evidence, in different surgical field are 
showing that not always drains are ef-
fective, instead they are unnecessary or 
counterproductive, encouraging local 
wound complications and infections [25]. 
A recent in vivo drain study demonstrat-
ed a significant biofilm formation, as 
soon as two hours after drain insertion, 
cocci within clumps of fibrin adherent 
to the surface of the drain were detected. 
This finding suggests that drains are con-
taminated very early, and considering the 
ideal culture medium that clotted blood 
represents, combined with a foreign body 
in the form of the drain, biofilm forma-
tion is obviously able to evolve very rap-
idly [26]. In matter of prevention, even for 
this reason the drains should be used for 
the shortest time and if possible no later 
than 24 hours under strict surveillance.

IS IT POSSIBLE TO 
DETACH BACTERIA 

IN FLUIDS FROM 
THEIR BIOFILMS? 
DITHIOTHREITOL 

(DTT) AS A 
DIAGNOSTIC TOOL

The presence of biofilm-bacterial aggre-
gates may have a strong impact on patho-
gen identification, on the bacterial count 
and antibiogram evaluation performed 
with traditional cultural techniques, that 
were designed for planktonic, isolated 
microorganisms (Figure 1). While phys-
ical (sonication) and chemical (Dithioth-
reitol, DTT) systems have been proposed 
to dislodge bacteria adhering on a surface 
from their biofilms, less is known about 
the possibility to improve microbiological 
sensitivity by antibiofilm pre-treatment 
of fluid samples. In fact, to the best of our 
knowledge, only DTT has been tested to 
dislodge bacteria from their biofilms in 
synovial fluid samples with promising 
results. 
As DTT has been demonstrated to be 
able to release microorganisms from the 
biofilm produced on prosthetic implants 
and on human tissues, it has also recent-
ly been demonstrated to be effective in 
disrupting biofilm-bacteria aggregates in 
fluids, and more specifically it has been 
shown to be effective in the synovial flu-
id [5] (Figure 2). DTT is a chemical agent 
that reduces disulfide bonds in peptides 
and can indeed alter the matrix of biofilm 
releasing bacteria without affecting their 
viability. Through this procedure, bacte-
rial culture is possible and so identifica-
tion and antibiotic susceptibility tests are 
easier to perform [27-30]. 

UPDATE

Figure 1: Schematic representation of (A) planktonic bacteria (green circles) floating free in a fluid and adhering on a sur-
face; (B) after few hours, the microorganisms aggregate in biofilms both on the surface and in the fluid; (C) the application 
of a chemical antibiofilm agent (e.g. dithiothreitol, DTT) (red diamonds) breaks the biofilm, without killing the bacteria, that 
(D) may hence return free to float in the surrounding fluid. Biofilm remnants can be found in the fluid. Free living bacteria 
may then easily be cultured and/or analyzed with molecular methods with increased sensitivity.
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Figure 2 shows a the last generation of a completely closed system and procedure for chemical antibiofilm pretreatment of solid and 
liquid biological samples with dithiothreitol (DTT).

UPDATE

CONCLUSION

Diagnosis for biofilm-associated infec-
tion (BAI) can be challenging, and even 
with the correct diagnosis, therapy can be 
particularly difficult, long and expensive. 
The fact that bacteria may live in biofilms 
even in fluid should be taken into account 
both as to concern our diagnostic and 
treatment approach. In particular, as to 
concern microbiological diagnosis, the 
spontaneous tendency of many bacteri-
al species to aggregate must be consid-
ered. In fact, cell disaggregation is often 
omitted when analyzing bacterial sam-
ples and the number of  Colony Forming 
Units (CFUs) is usually taken as the gold-
en standard. However, the CFU count is 
not an absolute measure of bacteria cells; 
instead, it represents the number of colo-
nies that can form on an agar plate from 
a given sample. If bacteria aggregates are 
cultured as a single cell, the CFU will be 
falsely low and even false negative results 
may be reported.

Molecular approaches may at least par-
tially overcome this difficulty; neverthe-
less, their use is limited due to high costs 
of the procedure, the level of expertise 
required and the inability to differentiate 
living from dead microroganisms. Anti-
biofilm chemical pre-treatment of fluid 
samples using DTT can be a low-cost and 

simple-to-use alternative in BAIs, and 
probably it should be included as a rou-
tine not only for any solid or tissue bio-
logical sample but also for the liquid ones. 
In fact, as antibiofilm pre-treatment of 
synovial fluid with DTT has been shown 
to increase the sensitivity of cultural ex-
amination by freeing the microorgan-
isms from the biofilm aggregates, it may 
be expected that  a similar result could be 
obtained by applying the same system to 
other fluids such as saliva, urine, blood, 
and cerebrospinal liquid, paving the way 
to a complete change in the results of the 
microbiological examinations. Given the 
high social and economic costs of chron-
ic biofilm-related infections in nearly all 
the fields of Medicine, we believe that 
more research on this subject would be 
greatly beneficial.  g

Figure 2 shows a the last generation of a completely closed system and procedure for chemical 
antibiofilm pretreatment of solid and liquid biological samples with dithiothreitol (DTT). 
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golden standard. However, the CFU count is not an absolute measure of bacteria cells; instead, it 
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Molecular approaches may at least partially overcome this difficulty; nevertheless, their use is limited 
due to high costs of the procedure, the level of expertise required and the inability to differentiate 
living from dead microroganisms. Antibiofilm chemical pre-treatment of fluid samples using DTT 
can be a low-cost and simple-to-use alternative in BAIs, and probably it should be included as a 
routine not only for any solid or tissue biological sample but also for the liquid ones. In fact, as 
antibiofilm pre-treatment of synovial fluid with DTT has been shown to increase the sensitivity of 
cultural examination by freeing the microorganisms from the biofilm aggregates, it may be expected 
that  a similar result could be obtained by applying the same system to other fluids such as saliva, 
urine, blood, and cerebrospinal liquid, paving the way to a complete change in the results of the 
microbiological examinations. Given the high social and economic costs of chronic biofilm-related 
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INTRODUCTION

Among the many thousands of species 
of fungi, about a 100-cause infection in h 
umans [1]. Fungal infections are not rea-
dily recognized and do not advertise their 
presence and are not easy to demonstra-
te [2,3]. Fungal arthritis has a worldwi-
de distribution with prevalence ranging 
from 0.4% to 20%, is more in men and 
usually presents as oligoarthritic [2]. 
Fungal prosthetic joint infection (fPJI) 
ranges between 0.6-2% [4,5]. Bone and 
joint fungal infection may result from 
direct inoculation, contiguous spread, or 
hematogenous seeding, which is the most 
common, and more commonly causes 
osteomyelitis than septic arthritis. [1,6,7]. 
There are conflicting reports on the com-
mon age and commonest sex affected by 
fPJI, with a range between 52 and 85 ye-
ars and some reports of male predomi-
nance and others of female predominan-
ce [5,8,9].

The course of fPJI is both insidious and 
indolent. Clinical symptoms and signs 
are variable, but pain, swelling and si-
nus tract are the most common, and are 
reported in 75-100%, 25-73% and 0-80% 
of cases respectively [4,5,9,10]. Other va-
riable presentations are low grade fever, 
reduced range of motion, warmth, and 
redness. There is poor evidence in li-
terature regarding the management of 
fPJI and the main guidelines are based 
on case reports, case series, reviews, and 
expert opinion [4,5,11-14]. Other sources 
are the consensus of opinions at different 
infection societies. We have reviewed the 

literature and the available knowledge 
(PubMed, Google Scholar, Orth Eviden-
ce, book chapters and infection societies 
consensus) and came out with recom-
mendations based on the best consisten-
cy opinion of experts and infection socie-
ties [15-18].

RESULTS

Fungal PJI is most commonly caused by 
the Candida Albicans and non -Albicans 
species (50-80%), followed by Aspergillus 
[19-22].
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Figure 1. Stages of Candida albicans biofilm formaTon and development. 
Candida albicans biofilm formaTon is a mulTfactorial process that consists of 
four main stages. 1) IniTal aIachment of planktonic cells: C. albicans yeasts 
aIach to a surface (e.g. epithelia, biomaterials or cellular aggregates) through 
adhesins. 2) ProliferaTon and filamentaTon: yeasts transiTon to hyphae and this 
process is regulated by many transcripTon factors 3) Biofilm maturaTon and 
extracellular matrix formaTon: the matrix forms around the C. albicans cells, 
posiTvely regulated by the TF Rlm1p, providing structural support and 
protecTon against anTfungals and the host immune system. Adhesion is 
maintained and amino acid metabolism is increased in the biofilm. 4) Biofilm 
dispersion: yeast cells disperse from the biofilm to colonise other parts of the 
body. These cells differ from iniTal planktonic cells as they are more virulent and 
more likely to form biofilms. Reprinted from open access reference (23) 

 
 

 

Figure 1: Stages of Candida albicans biofilm formation and development. Candida albi-
cans biofilm formation is a multifactorial process that consists of four main stages. 1) 
Initial attachment of planktonic cells: C. albicans yeasts attach to a surface (e.g. epithelia, 
biomaterials or cellular aggregates) through adhesins. 2) Proliferation and filamentation: 
yeasts transition to hyphae and this process is regulated by many transcription factors 
3) Biofilm maturation and extracellular matrix formation: the matrix forms around the 
C. albicans cells, positively regulated by the TF Rlm1p, providing structural support and 
protection against antifungals and the host immune system. Adhesion is maintained and 
amino acid metabolism is increased in the biofilm. 4) Biofilm dispersion: yeast cells dis-
perse from the biofilm to colonise other parts of the body. These cells differ from initial 
planktonic cells as they are more virulent and more likely to form biofilms. Reprinted from 
open access reference (23)
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A major factor of the virulence of Candi-
da is its ability to form biofilms, attaching 
to biotic and abiotic substrates, and for-
ming on synthetic polymers as prosthetic 
plastics, which are hard to eradicate and 
are resistant to conventional antifungal 
treatments [9,23]. Candida Albicans pro-
duces larger and more complex biofilm 
than other Candida species [9], hence it 
is recommended to remove the device af-
fected, and the biofilm formation passes 
through 4 stages; i) adsorption and adhe-
sion of C. albicans yeast cells to a subs-
trate, ii) formation of microcolonies and 
production of extracellular matrix, iii) 
maturation and iv) dispersal of cells from 
the mature biofilm, (Fig. 1) [23]. Once for-
med, the biofilm is highly tolerant to an-
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Figure 2: C. albicans interactions within a multispecies biofilm. Complex physical and 
chemical interactions govern the development of polymicrobial biofilms. A) Several fac-
tors influence C. albicans-bacterial adhesion. Staphylococcus aureus and Streptococcus 
gordonii can utilise C. albicans adhesins to directly bind to hyphae. In contrast, glycosyl-
transferases (Gtfs) secreted by Streptococcus mutans within the oral cavity can bind to 
C. albicans mannans, increasing the production of glucans and ECM production. Conse-
quently, the glucan increases the ability of the bacterium to bind to C. albicans and forms 
a C. albicans-S. mutans biofilm on the tooth surface (dental plaque). B) Signalling mole-
cules produced by C. albicans and bacterial species enable interkingdom communication 
within multispecies biofilms. For example, S. mutans and Pseudomonas aeruginosa can 
secrete quorum sensing molecules that influence the behaviour of C. albicans within the 
biofilm. Likewise, the C. albicans quorum sensing molecule farnesol, can influence the 
behaviour of interacting bacteria. Reprinted from open access reference (23)

 

Figure 2. C. albicans interacTons within a mulTspecies biofilm. Complex physical and 
chemical interacTons govern the development of polymicrobial biofilms. A) Several 
factors influence C. albicans-bacterial adhesion. Staphylococcus aureus and 
Streptococcus gordonii can uTlise C. albicans adhesins to directly bind to hyphae. In 
contrast, glycosyltransferases (G�s) secreted by Streptococcus mutans within the oral 
cavity can bind to C. albicans mannans, increasing the producTon of glucans and ECM 
producTon. Consequently, the glucan increases the ability of the bacterium to bind to C. 
albicans and forms a C. albicans-S. mutans biofilm on the tooth surface (dental plaque). 
B) Signalling molecules produced by C. albicans and bacterial species enable 
interkingdom communicaTon within mulTspecies biofilms. For example, S. mutans and 
Pseudomonas aeruginosa can secrete quorum sensing molecules that influence the 
behaviour of C. albicans within the biofilm. Likewise, the C. albicans quorum sensing tifungal therapy and can serve as a reser-

voir for recurrent infection. 

It is a common occurrence to have a con-
comitant bacterial infection among cases 
of fPJI, ranging between 16%-66%, most 
commonly Staphylococcus species fol-
lowed by streptococcus spp. [4,7,21,24]. 
This wide range of bacterial co-infection 
could be because the reported cases in li-
terature included primary arthroplasty, 
re-explored knee joints, revision, and re-
revision arthroplasty cases.

One other factor which may explain the 
high concomitant bacterial infection is 
the interactions of C. albicans with other 
microorganisms which can occur via co-

aggregation and co-adhesion. C. albicans 
adhesins facilitate interaction with bac-
terial species such as Streptococcus gor-
donii and Staphylococcus aureus, (Fig. 2)
[23].

There are several risk factors reported 
in literature. Fungal PJI occurs most 
commonly in immune compromised 
patients, those with previous surgeries 
and revision cases of joint replacement. 
Riaz et al. [4,22] reported that antimicro-
bial therapy within three months before 
the diagnosis of PJI and the presence of 
wound drainage lasting longer than five 
days prior to the diagnosis of PJI are in-
dependent risk factors and significantly 
associated with increased odds of fPJI 
when compared with bacterial PJI. Ot-
her risk factors of fPJI include diabetes, 
prolonged use of antibiotics, previous PJI 
and immunosuppression (chemotherapy, 
cancer patients, HIV, those on cortico-
steroids, and organ transplant patients), 
those on indwelling catheter, parenteral 
nutrition and the illicit IV drug users 
[4,7,19,25,26-28].

To diagnose fPJI the surgeon should have 
a high suspension index, especially in 
high-risk patients. It is not routine to do 
all diagnostic tests, except in the most un-
certain cases. We recommend following 
the WAIOT 10 golden rules of sampling 
for diagnosis of PJI, (Fig. 3) [29] and using 
the WAIOT definition of high and low 
grade PJI, Table 1 [30].

If fPJI is suspected, as it should be in el-
derly, revision, or re-revision, and those 
at risk, a plain x ray is ordered along with 
leukocyte count, blood culture and serum 
inflammatory markers (ESR, CRP and 
D-dimer). The leukocyte count is often 
normal [5,31,32]. The ESR, CRP and D-di-
mer may be normal or slightly elevated 
[4,22,33,34]. Reports are inconsistent, 
with CRP values between 4 and 31 mg/dl 
[5,31,32] and ESR values of normal or at 
the low range, below 60mm/h [5,9,31].  

A diagnostic arthrocentesis is perfor-
med, unless there is a sinus tract or ex-
posed metal, and surgical debridement is 
a must [7,13,35]. Aspirate is analysed for 
low sugar, high protein, and cell count 
(more than 3000), although they may be 
of limited value [19]. The aspirate is sent 
for both bacterial and fungal cultures, 
the latter will take up to 4 weeks or lon-
ger [19]. Intraoperative samples are taken 
in accordance with WAIOT 10 rules and 
sent for cultures and histopathology [29]. 
Fungi are notoriously difficult to isolate 
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molecule farnesol, can influence the behaviour of interacTng bacteria. Reprinted from 
open access reference (23) 

 

 

Figure 3. Microbiology best pracTce for the diagnosis of peri-prostheTc joint infecTons 
and implant-related infecTons in ortho-trauma. The 10 WAIOT golden rules. Reprinted 
with permission of Publisher. Open access reference (29) 
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Figure 3: Microbiology best practice for the diagnosis of peri-prosthetic joint infections and implant-related infections in ortho-
trauma. The 10 WAIOT golden rules. Reprinted with permission of Publisher. Open access reference [29]

[19], and although Candida is readily re-
covered using blood culture bottles (BCB) 
[36], but Sabouraud dextrose brain heart 
infusion (BHI) or plain BHI are universal 
media for most fungi, and other special 
media are required for other types of fun-
gi [37,38].

More sophisticated serology and mole-
cular tests are not readily available, and 
their clinical use is still under investiga-
tion and include organism-specific anti-
gens, serum beta-glucan, enzyme im-
munoassays, DNA based tests and mass 
spectrometry [20,39]. In some culture 
-negative cases, uncultivable organisms 
should be considered, and other identi-

fication techniques are performed, such 
as polymerase chain reaction (PCR) and 
next generation sequencing (NGS) [4,40].
Radiological assessment and diagnoses 
are beyond the scope of this review, but 
in fPJI all what may be needed is a plain 
x-ray. Although radionucleotide scans, 
MRI and CT are used in other fungal in-
fections, their use in diagnosing and ma-
naging PJI is questionable [7,41-43].

DISCUSSION
 
The literature lacks both evidence and 
clear algorithm regarding the best treat-
ment approach in treating fPJI, but there 
has been preference toward certain sur-
gical approaches and recommendations 
regarding both medical and surgical ma-
nagements [4,5,7,19,44].

Regarding medical treatment, the Infec-
tious Disease Society of America (IDSA) 
guidelines for the duration of treatment 
with antifungal agents in the treatment 
of joint arthritis are 6 to 12 months [12]. 
For Candida PJI, the European Society for 
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Table 1: WAIOT proposed definition of peri-prosthetic joint infection (PJI)

 Table 1. WAIOT proposed definiTon of peri-prostheTc joint infecTon (PJI) 
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Clinical Microbiology and Infectious Di-
sease recommends implant removal with 
at least 14 days of parenteral antifungals 
followed by a subsequent minimum of 4 
to 6 weeks of oral agents [4,45,46]. In the 
case of two-stage exchange, the Interna-
tional Consensus Meeting (ICM) recom-
mends a minimum of 6 weeks antifungal 
treatment after prosthesis removal [4,47]. 
A meta-analysis by Ueng et al. [8] identi-
fied an improved eradication of infection 
with prolonged systemic therapy from 
3-6 months. 

There is no agreement on the optimal 
choice of antifungal medication or whet-
her to use monotherapy or combined the-
rapy and the choice should be driven by 
resistance patterns and patient factors 
as well as the chronicity of the case. Most 
reports favor fluconazole, variconazole 
and amphotericin B [4,5,7]. The liposo-
mal compounds of amphotericin B have a 
better record in reducing nephrotoxicity 
[7,48,49]. There are no existing guidelines 
for the use of prophylactic anti-fungal 
therapy in high-risk, immunocompromi-
sed patients going for total joint replace-
ment [7]. 

There has not been adequate studies of 
the elution characteristics of antifungal 
agents from bone cement (PMMA) or cal-
cium sulphates, although the common-
ly used amphotericin B was reported to 
have the longest elution properties of up 
to 100 days, but other agents including 
fluconazole and variconazole have been 
used also [7,50]. A few papers have re-
ported both In-vitro and In-vivo result 
to know more of the elution properties 
of antifungal agents as well as finding the 

best vehicle to assure a higher concentra-
tions and longer elution.  Butcher MC et 
al. [51] has reported on antifungal-loaded 
triple agents (fluconazole (FLZ), ampho-
tericin B (AMB), and caspofungin (CSP), 
calcium sulfate beads, producing a sus-
tained antimicrobial effect that inhibits 
and kills clinically relevant fungal species 
in vitro as planktonic and biofilm cells. 
Romera D et al. [52] have reported a Novel 
hybrid organo-inorganic sol-gel coating 
of fluconazole or anidulafungin, with the 
highest concentration to prevent and lo-
cally treat yeast PJI. They have showed an 
excellent anti-biofilm behavior. Coatings 
loaded with fluconazole proved to be ef-
fective against both Candida species. The 
use of resorbable beads have been repor-
ted by Yung-Heng Hsu et al. [53]. They re-
ported a high level of fluconazole (beyond 
the minimum therapeutic concentration 
[MTC]) release for more than 49 days, 
using biodegradable compression-mol-
ded PLGA (Poly(d,l-lactide-co-glycolide) /
fluconazole beads.

Following surgical debridement, reports 
have had different approaches in dealing 
with fungal PJI. The numbers reported 
are small to draw firm conclusions, alt-
hough recent meta-analysis and system-
atic reviews have shed more light into 
the best surgical approach in dealing 
with fPJI. The options at hand are DAIR 
(Debridement, Antibiotics, Implant Re-
tention), one stage revision arthroplasty 
(Single-SRA), two stage revision arthro-
plasty (Two-SRA), three stage revision 
arthroplasty (Three-SRA), resection ar-
throplasty, arthrodesis, and amputation 
[4,5,7,19,21,24,54].

It has to be noted that amputation, ar-
throdesis, and resection arthroplasty 
(RA) may highly diminish the quality 
of life of the patients and the reported 
success rate of RA and arthrodesis from 
small series and heterogeneous reports is 
80% and 67% respectively [7,27], and that 
of amputation is 66% only [55]. Therefo-
re, they should be sought of as a salvage 
procedure in the most resistance cases 
or those with repeated uncontrollable in-
fection despite multiple procedures and 
long anti-fungal treatment. The reported 
surgical treatment methods come from 
small case series, case reports and sys-
tematic reviews and are heterogeneous 
[4,5,7,12,19,26,27,44,56].

Debridement, antibiotic, and implant re-
tention (DAIR) have been used in small 
number of cases and mainly in cases 
reported within 4 weeks of the primary 
procedure and often resulting in persis-
tent infection and 20-30% success rate 
only [4,5,24,31]. For bacterial PJI, the con-
sensus is that chronic infections should 
never be treated with DAIR, and the same 
has been suggested for fPJI, unless revisi-
on surgery is contraindicated or refused 
by the patient after adequate information 
[13,24,63]. 

In a recent systematic review, Sam-
bri et al. [4] and Koutserimpas et al. [7] 
reported a predominance favoring of 
Two-SRA, (64.2%) and (54%) respecti-
vely. Other authors also reported a pre-
ference of Two-SRA among surgeons 
[9,11,19,24,26,27,55]. A success rate of 
over 92% has been reported for Two-SRA 
[7,57,58], although there is wide variabili-
ty of success rate. Anagnostakos et al. [58] 



18  //  MO JOURNAL EUROPE

reported a 100% success in a small series 
of 7 patients. Haleem et al reported infec-
tion eradication up to above 90% [4, 57]. 
Kuiper et al [24] reported an 84.8% suc-
cess rate, and Phelan et al [59] reported 
80%. On the other hand, Azzam et al. [9] 
reported a 47.4% success rate only. It is 
notable that the success rate diminishes 
in the case of bacterial co-infection [7]. 

The optimal time interval for reimplan-
tation is unknown. A minimum of six 
weeks is usually recommended [19,24], 
although this is extended to 3-6 months 
in revision and re-revision cases [7]. In all 
cases reimplantation is performed when 
the clinical picture and blood markers 
have come to normal [24]. There is no 
conclusive evidence to support the use of 
an antimicrobial holiday period prior to 
reimplantation in case of fungal PJI trea-
ted with staged revision [21].  

The Single-SRA has been used and re-
ported with discordant results. A success 
rate of 90% has been reported by Klatte 
et al (60) in a small series of 10 patients. 
On the other hand, Ji et al [61] reported 
a recurrence rate of 36%. Others have 
reported a 75% success rate [7]. A Single-
SRA might be considered in patients with 
unfit medical situation or those who may 
not tolerate multiple procedures, along 
with prolonged anti-fungal therapy.

The gold standard of bacterial PJI has 
been the Two-SRA, although Gregor 
Dersch and Heinz Winkler [62] have re-
ported favorable and encouraging results 
of Single-SRA by using Antibiotic-Im-
pregnated Cancellous Allograft Bone, on 
70 cases. Whether their technique could 
be adopted for fPJI is for future research 
to decide. 

Recently, a three-SRA for fungal PJI was 
reported and claimed 88.8% success [54]. 
This technique is in accordance with the 
recommendations of PRO-IMPLANT 
Foundation for difficult to treat (DDT) 
microorganisms [64]. The principles of 
this algorithm include, but are not limi-
ted to, the following key points: 

1.	 no drug holidays prior to reimplanta-
tion of the prosthesis; 

2.	 no joint aspiration before reimplan-
tation; 

3.	 biofilm-active therapy only after re-
implantation; 

4.	 antimicrobial therapy for 12 weeks 
from the date of last positive micro-
biological evidence (six months for 
fungal agents); 

5.	 the three-stage exchange procedu-
re must not alter the predetermined 
interval of six weeks from ex-planta-
tion to reimplantation.

First stage; debridement, removal of im-
plant (sonication & culture). A custom-
made cement spacer loaded with 0.4 g 
liposomal amphotericin B and voricona-
zole 0.4 g combined with 1 g gentamicin 
and 2 vancomycin per 40 g cement pow-
der is used. If fungi not diagnosed preo-
peratively 1 g Gentamycine and 2 g Van-
comycine spacer is used only. 

Second stage; 3 weeks revision, debri-
dement, and exchange of spacer.  The 
same custom-made cement spacer with 
amphotericin B and voriconazole is used 
again to ensure continuously high local 
antimycotic therapy. The residual AB 
therapy will be adapted according to so-
nication. 

Third stage; 3 weeks reimplantation. 
Again, debridement and final implan-
tation of revision implant with custom 
made cement including amphotericin 
B 0.2 g and Voriconazol 0.2 g combined 
with 0.5 g Gentamicin and 2 g vancomy-
cin is performed. This is followed by six 
months systemic anti-fungal treatment 
which is switched to oral after uneventful 
postoperative period and wound healing.
While Two-SRA appears as the most ad-
opted surgical approach, there are no 
comparative studies, showing its super-
iority over Single-SRA, while the overall 
results of a 3-stage revision surgery do 
not seem to provide a substantial bene-
fit, compared to 2-stage. In this regard, it 
should be noted that staged procedures 
are inevitably associated with additional 
operative risks, prolonged duration of 
the treatment and higher costs and an 
increase of the number of several subse-
quent procedures should be well balan-
ced in each patient, weighing the poten-
tial benefits and risks.

RECOMMENDATIONS 
AND CONCLUSION

According to the presented data and re-
view of literature, we believe that we can 
recommend the following generally ag-
reed approach in treating fungal PJI, even 
if the specific treatment for each patient 
must be decided by the surgical team af-
ter open discussion with the patient and 
based on the general and local conditions, 
the clinical history and the expectations 
of the patient:

1.	 No DAIR, unless for selected cases, in 
which revision surgery is contraindi-
cated or not accepted by the patient 
after adequate information.

2.	 One stage revision should be perfor-
med by an experienced surgeon, at 
ease with the Single-SRA procedure 
and having a high turnover of cases. 
With this in mind, it may be conside-
red in ASA type one patients, and on 
the opposite, in a patient with com-
promised medical condition or status 
that would put him at high risk in case 
of multiple procedures. 

3.	 Two stage revision should be consi-
dered as the gold standard for fun-
gal PJI 

4.	 Consider three-SRA in difficult cases 
as re-revisions and patients with mul-
tiple risk factors.

5.	 Reimplantation is not performed 
until there are no clinical signs of 
infectious symptoms, normalization 
of infection parameters and after a 
minimum of 6 weeks from index sur-
gery.  

6.	 No antimicrobial holiday periods. 
7.	 Six months of systemic anti-fungal 

treatment. The antifungal treatment 
should better see a strict cooperation 
between the infectious disease spe-
cialist and/or clinical microbiologist 
and the surgical team.

8.	 Cement spacers should have lipo-
somal amphotericin B, as well as 
vancomycin/gentamycin, as there 
is high percentage of bacterial co-in-
fection.

9.	 Spacer with a mixture of fluconazo-
le (FLZ), liposomal amphotericin B 
(AMB), and caspofungin (CSP) gave 
promising results in fPJI and may be 
considered in the more chronic cases.

10.	 There is a need for establishing an 
algorithm of fungal PJI, preferably on 
the basis of comparative prospective 
studies or a sound meta-analysis and 
systematic review of available studies. 

REVIEW
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We believe that fPJI management lacks 
proper evidence and high volume, multi-
center studies to draw sound conclusions 
regarding anti-fungal therapy agents, du-
ration, combination treatment and suc-
cess, as well as the best surgical options. 
In addition, more studies on the elution 
of antifungal agents, the minimum time 
interval between the two stages as well as 
establishing potent antibiofilm, antimi-
crobial agents and the possibility of using 
antifungal medications impregnation in 
bone graft in Single-SRA. These ques-
tions cannot be answered without the 
collaboration between multiple centers 
worldwide. g
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INTRODUCTION

Septic arthritis of the native hip is a rare 
condition in the adult population [1]. Its 
incidence has been reported at approxi-
mately 2 to 10 per 100,000 person-years 
[2]. Granulicatella adiacens is a nutritio-
nal variant of streptococcus known to be 
a commensal of the oral flora [3]. This 
germ has been involved as a causative 
pathogen mainly in endocarditis and less 
frequently in infections of other systems 
[2-4]. To our knowledge, there are no re-
ports of this microorganism as a cause of 
septic arthritis of the native hip. There-
fore, this paper aims to present a case of 
septic arthritis of the native hip caused by 
this fastidious germ.

CASE 

A 58-year-old woman consulted at our 
department with a history of high blood 
pressure, dyslipidemia and primary un-
cemented left total hip arthroplasty for 
osteoarthritis 9 months before, with a sa-
tisfactory result and a Harris Hip Score 
of 92 points. She presented walking wit-
hout assistance complaining of right hip 
pain of 2 months duration. She referred 
dull pain, with an intensity of 5 on the 
visual analog scale and having received 
a steroid injection in the painful hip 6 
weeks after the onset of symptoms and 
15 days before consultation.  Physical ex-
amination showed moderate pain during 
motion, with hip flexion 10 to 100°, inter-
nal rotation of 15° and external rotation 
of 20°. There was no fever or erythema 
in the area. At that time, an X-ray of both 
hips was performed which showed a nor-
mal right hip and left THA (Figure 1). 

As a complementary method of diagno-
sis, we requested an MRI. The following 

Figure 1: AP radiograph at two months after the onset of symp-
toms showing a normal joint space in the right hip, and a left THA.

Figure 2: First MRI showing increased synovial fluid.

week she returned with an MRI, using an 
elbow crutch on the left hand due to in-
creased pain (Visual Analog Scale 9) and 
intolerance to weight bearing. The MRI 
showed an increase in synovial fluid in 
the right hip (Figure 2). With suspicion 
of septic arthritis, we performed an ar-
throcentesis in the operating room and 
requested a blood test with infection rela-
ted makers (normal values: White Blood 
Cell Counts < 9000 mm3, Erythrocyte 
sedimentation rate < 16mm/1st hour, 
C-reactive Protein <0.3mg/dL). Results 

were compatible with infection: WBC 
16500mm3, ESR:26 and CRP: 0.1mg/dL. 
We decided to perform an arthroscopic 
lavage and collection of samples for bac-
teriological culture. 

An empirical antibiotic therapy with Van-
comycin and Ceftazidime was started. Af-
ter one week (day 8) of culture in enriched 
media, Granulicatella adiacens was reco-
vered and, according to the antibiogram, 
ATB was adapted to Ceftriaxone 1g/12 
hours + Gentamicin 80 mg/ 8 hours for 
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Figure 3: AP radiograph three months after the onset of symptoms shows 
chondrolysis with significant joint space narrowing in comparison to the 
previous radiograph. 

Figure 4: MRI images showed subchondral necrosis of the femoral head 

Figure 5: AP radiograph showing 
the spacer consisting of an im-
plant covered with vancomycin 
loaded cement.

four weeks following by 8 weeks of mino-
cycline orally. Sensitivity to Vancomycin 
was also reported. As additional data, the 
samples from the arthroscopy were ne-
gative. In addition, given the association 
of this germ with bacterial endocardi-
tis, although she was asymptomatic, an 
echocardiogram was performed, and en-
docarditis was concomitantly diagnosed. 
Two weeks after treatment, she started 
again with pain in the right hip, so xray, 
laboratory and hip MRI were repeated. 
Xray showed chondrolysis with loss of 
the joint space. The laboratory values 
were similar to those of the initial dia-
gnosis, while MRI showed hyperintensity 
in the femoral head in the STIR sequence, 
interpreted as subchondral necrosis se-
condary to septic arthritis. (Figures 3-4).
We therefore decided to perform open 
debridement, reaming the acetabular ca-
vity and placing an articulated custom-
made spacer coated with Vancomicyn 
loaded cement. Two grams of Vancomy-
cin were added to each dose of 40 grams 
of cement. (Figure 5).  

Intraoperative, severe damage to both 
acetabular and femoral head cartila-
ge was noted. The seven intraoperative 
samples sent to culture were negative. 
The patient continued the same ATB 
treatment, evolving favorably regarding 
her infectious disease. 

At two months postoperatively, the pa-
tient is recovering uneventfully, ESR and 
CRP have returned to normal values and 
a reimplantation of a definitive THA is 
planned at the end of the antibiotic treat-
ment. She is currently completing the se-
cond of three months of planned parente-
ral ATB treatment, walking without pain 
with the assistance of a cane.

DISCUSSION

Granucitella species are gram-positive 
anaerobic cocci, which are part of the 
normal flora of the upper respiratory, 
intestinal, urogenital, and oral tract [2]. 
They are facultatively anaerobic species 
with slow growth in standard culture me-
dia, which can cause delays in diagnosis 
and, consequently, treatment [2-5]. Due 
to their difficult growth, they often re-
quire molecular diagnostic techniques. 
Recently MALDI-TOF mass spectrometry 
was reported as a fast and accurate met-
hod of diagnosing these pathogens [5]. In 
the case presented, given the specific re-
quirements for developing Granulicatella 
adiacens, cultures were positive after one 
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week in blood culture bottles with pyrido-
xine. This specific requirement was pre-
viously reported by Shailaja et al [6]. 

Bone or joint infections by this germ are 
infrequent [1,4]. Reviewing the literature, 
we have found a few cases of vertebral os-
teomyelitis [7], periprosthetic hip infecti-
ons [4,8], and the report of only one case 
affecting a native joint [9]. It was reported 
in 2003 by Hepburn et al., who reported 
septic arthritis of the knee in a 68-year-
old woman. These authors did not high-
light any risk factors for native septic 
arthritis, such as rheumatoid arthritis, 
diabetes, immunocompromised status, 
drug abuse, or previous surgeries [10]. In 
our case, septic arthritis probably origi-
nated from hematogenous dissemination 
from endocarditis. 

Contamination following corticosteroid 
or hyaluronic acid injection has been re-
ported with a risk of 1 in 1000 [10] but in 
our case the intraarticular steroid injecti-
on had been performed 6 weeks after the 
onset of symptoms. 

Regarding the treatment of septic arthri-
tis, there is no clear recommendation on 
the duration of ATB treatment [11]. Alt-
hough this will depend on different fac-
tors, there is some consensus regarding 
administering at least 2-3 weeks of IV 
antibiotics followed by 2 to 4 weeks oral-
ly [11,12]. In the case of arthritis caused 
by Granulicatella adiacens, given its low 
frequency, there is no formal recommen-
dation yet. Although not in native joints, 
Quenard et al [4]. reported 5 cases of peri-
prosthetic infection with this germ using, 
in addition to surgical treatment, an ATB 
therapy of 180 days without reporting 
subsequent recurrences.

In combination with systemic ATB thera-
py, a recent review recommends perfor-
ming serial arthrocentesis (in patients at 
high surgical risk), arthroscopic lavage, 
or open surgical debridement [11]. Re-
garding arthroscopic or open treatment, 
the literature has reported similar re-
sults [10-12]. Additionally, in chronic ca-
ses and with joint damage, staged treat-
ment using AB-spacers is the best option 
[11,13]. In the case presented, we decided 
to perform a staged treatment with a 
PMMA spacer with ATB after failed ar-
throscopic lavage. Given the sensitivity 
to vancomycin obtained in the antibio-
gram we used primary components co-
vered with vancomycin loaded cement. A 
regular polished tapered stem was used 
on the femoral side and a polyethylene 

dual mobility liner on the acetabular side. 
The outer aspect of this liner is smooth, 
so it was roughened to promote cement 
adherence.  

To our knowledge, this is the first report 
of septic arthritis in a native hip caused 
by Granulicatella adiacens as the only in-
fecting germ. We emphasize its associa-
tion with asymptomatic endocarditis and 
the difficulty of its isolation in standard 
culture media, as well as the absence of 
established guidelines for its therapeu-
tic approach. We will continue with the 
treatment of this patient to report the fi-
nal results in the future. g
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INTRODUCTION

Osteomyelitis represents one of the main 
and most devastating complication in or-
thopedics. Calcaneal osteomyelitis (CO) 
accounts for 3–10% of all bone infections, 
[1, 2, 3, 20]. Schildhauer et al. (2000) quan-
tified the calcaneal rate of infections with 
11% [3, 4]. CO usually happens after trau-
ma, post-surgery, complication of the 
diabetic foot and through hematogenous 
spread in children. Overall, Staphylococ-
cus aureus remains the most common 
causative bacteria in all age groups [2, 22]. 

The treatment principal includes early 
definitive diagnosis by culture, imaging 
studies, blood parameters, tailored syste-
mic antibiotic coverage, wound irrigati-
on, wide surgical debridement, curettage, 
partial or total calcaneal resection with 
or without soft tissue coverage. When it 
turned into a chronic phase, treatment 
procedures become more difficult [2, 10, 
11, 23].

The preservation of the calcaneus and a 
functional foot anatomy is the main tar-
get during CO treatment. This is not al-
ways possible and depending on the local 
situation [3]. Surgical treatment of CO 
currently offers only a handful of curati-
ve options including bone debridement, 
partial or total calcanectomy as well as 
below-knee amputation [20]. Following 
major lower extremity amputation US 
Centers for Disease Control data show a 
1-year mortality rate of 30%, a 3-year rate 
of 50%, and a 5-year rate of 70%, [24, 25]. 
Avoidance of transtibial and transfemo-
ral amputations is important in regard to 
minimizing morbidity and mortality [24,  
26]. Case reports advocate the use of par-
tial calcanectomy as a viable alternative to 
below knee amputation [24]. According to 
Lehmann et al. (2021), and Bollinger M., 
Thordarson D.B. (2002) partial calcanec-

tomy represents an alternative to lower 
leg amputation in cases of strictly local 
infection [5, 6]. The authors mentioned 
that partial calcaneal resection may be 
performed if the inflammatory process 
involves less than 50% of the heel [7]. In 
these circumstances, the sufficient hind 
foot blood supply seems to be the central 
problem [8, 9].

However, the reconstruction of the re-
sulting skeletal and soft tissue defects is 
often complex. In contrast to the more 
proximal segments of the leg, the availa-
bility of soft tissue for the coverage of full-
thickness defects with local or regional 
flaps is limited [12, 13]. Reconstruction of 
skeletal defects can be accomplished with 
bone grafting [14]. However, large defects 
require complex reconstructive proce-
dures, such as distraction osteogenesis, 
vascularized bone grafting, or transfer of 
free flaps [10, 15, 16]. 

In this paper  the technique and outcome 
of a case series of CO with the concomit-
ant use of bone and soft tissue approa-
ches for patients diagnosed with CO are 
described.

MATERIALS & 
METHODSW

Twenty-five consecutive patients with 
osteomyelitis and open fractures of the 
calcaneus were included between 2005 
and 2018.  All patients were admitted to 
the Bone Infection Unit at our hospital 
under the responsibility of an orthopae-
dic surgeon (specializing in foot ankle 
surgery and bone infection surgery) who 
performed all operations. Patients demo-
graphics, cause of CO, previous treat-
ment and comorbidities are summarized 
in table 1. Patients presented with pain 
(100%), swelling (100%) and purulent di-
scharge from heels (80%). The most com-
mon causes of CO were fracture-related 
infection (14 patients), acute hematoge-
nous osteomyelitis (6 patients), penetra-
ting soft tissue trauma (2 patients) and 
complications after surgery (3 patients). 
All patients had received previous anti-
biotics. Sixteen patients (64%) had alrea-
dy undergone previous operation elsew-
here. Blood parameters for WBC, ESR 
and CRP were elevated. Radiographs of 
the calcaneus showed destruction in the 
lesion with sclerosis of the bone tissue 
around the lesion. Some patients had to-
tal sclerosis of the calcaneus. Chronic CO 

Sex, n (male/female) 19/6

Age, y, mean; range 30.9 y; 5-77

Cause no (%)
Fracture-related infection
Haematogenous
Penetrating soft tissue trauma
Iatrogenic factor

14 (56%)
6 (24%)
2 (8%)
3 (12%)

Previous treatment no (%) Previous antibiotics
Previous surgery

9 (36%)
16 (64%)

Comorbidities no (%)
Peripheral neuropathy
Peripheral vascular disease
Tobacco smoker

4 (16%)
5 (20%)
13 (52%)

Table 1. Patient Demographics (n = 25)
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had been diagnosed with clinical and ra-
diograph signs of osteomyelitis for mini-
mum 2 months, and one of the following 
criteria: sinus, abscess, intraoperative 
pus, or positive microbiological cultures 
from deep surgical samples. 

After diagnosing CO all patients were 
planned for surgery under systemic anti-
biotic coverage. Postoperative antibiotics 
began empirical until appropriate bacte-
rial culture and sensitivity results were 
available. The calcaneus was approached 
from lateral with an L shaped incision 
which allows good access to the infected 
bone and has the advantages of preser-
ving the Achilles tendon attachment, the 
weight bearing surface of the calcaneus, 
and the overlying soft tissue. Any sinus 
tracts were excised and the subcutaneous 
and deeper soft tissues were debrided 
until healthy bleeding tissue planes. Tho-
rough bone debridement or  partial calca-
nectomy was performed and the infected 
bone was sent for cultures. The amount 
of bone debridement and excision was 
based on preoperative radiographs and 
until healthy bleeding bone remained, 
using curettes, cutters and osteotomes. 
The wound was closed either with local 
tissues or with one of the methods of plas-
tic surgery. Intravenous antibiotics were 
continued for 1 week postoperatively fol-
lowed by oral antibiotics for 1 month. All 
patients were seen regularly for the first 
2 years after the operation, at 6 weeks, 3 
months, 6 months, 1 year, and 2 years. 

RESULTS

Cultures taken from the deeper aspect of 
the wound are summarized in Diagram 
1. They included facultative anaerobe 

Gram-positive cocci: Staphylococcus 
aureus (31%), Staphylococcus epidermi-
dis (7%), Streptococcus pyogenes (3.5%), 
Streptococcus agalactiae (7%); facultative 
anaerobe Gram-negative bacillus: Ent-
erobactericeae family: Escherichia coli 
(10%), Proteus mirabilis (3.5%);  Proteus 
vulgaris (7%); anaerobe nonfermentive 
Gram-negative bacillus: Pseudomonas 
aeruginosa (14%); form endosymbiotic 

fungi: Candida albicans (17%). All of the 
cultured microorganisms were sensi-
tive to vancomycin and/or gentamycin 
(Diag.1).

All patients underwent surgery and type 
of bone and soft tissue management are 
summarized in (Table 2).

Outcomes, complications, and clinical 
function are summarized in table 3. In-
fection was successfully eradicated in 
22 patients at 1-year follow-up. Wounds 
healed by primary intention in 18 (72%) 
patients. Postoperative complications 
occurred in 9 patients (36 %) including 
wound leakage in 4 patients and recur-
rence of the osteomyelitis process occur-
red in 3 patients. All of them underwent 
successful reoperations with necrectomy. 
Wounds in the plantar surface of the heel 
developed in 2 patients after 6 months 
and was not associated with recurrent 
osteomyelitis. After conservative treat-
ment they have healed.

Patients stayed in the clinic for 2-4 weeks. 
After that, patients began to gradually 
load the leg for 20-30 days followed by full 

Table 2. Surgical techniques used

Table 3. Postoperative outcomes

Diagram 1. Pathogens isolated from deep wound

Surgical technique n (%)

Trepanation
Sequestrnecrectomy
Necrectomy
Partial calcanectomy
Ilizarov apparatus

5 (20%)
13 (52%)
11 (44%)
8 (32%)
3 (12%)

Soft tissue closure n (%)

Direct closure
Free skin flap
Local full-thickness flaps
Full-thickness flaps (the Italian method of 
plastics)

16 (64%)
2 (8%)
4 (16%)
3 (12%)

Outcome
Recurrence of bone infection 3 (12.5%)

The wound healed by primary closure 18 (72%)

The wound healed by secondary closure 7 (28%)

30-d postoperative complications no (%)
Wound leakage 4 (16%)

Flap revision/reexplored 3 (12%)

Superficial ulcer 2 (8 %)

Mobility, no (%)
Unaided 22 (88%)

Crutches 3 (12%)

Footwear, no (%)
Regular shoes 17 (68%)

Normal shoe with a molded insole 5 (12.5%)

Orthotic custom shoe 3 (7.5%)
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weight bearing. Most patients (88%) were 
able to walk unaided, and 3 (12 %) needed 
crutches. 17 (68%) had a foot that com-
fortably fit into a regular shoe. Ordinary 
shoes with an insole were worn by 5 pa-
tients (12.5%), 3 patients wore a custom-
made shoe (7.5%). Mild weight bearing 
pain was in 3 patients, 22 reported being 
pain free (Table 3).

CLINICAL CASE

A 59-year-old male patient was admitted 
with  pain in the right calcaneus. More 
than 2 years ago, he had an open fracture 
of the right calcaneus with wound hea-
ling problems and a fistula one month 
after surgery.

Diagnosis: chronic post-traumatic osteo-
myelitis of the right calcaneus.
Operation: Longitudinal osteotomy  of the 
right calcaneus, intralesional resection to 
healthy tissues. Primary wound healing 
and after 2 months full weight bearing. x-
rays at 6 months show a healed bony le-
sion and no complaints (Figure 1).

DISCUSSION

Osteomyelitis of the calcaneus is a chal-
lenge for the patient and the surgeon. 
Generally, the goal of treatment includes 
eradication of infected bone, ensuring 
skeletal stability, adequate soft tissue 
coverage and preservation of function 
of the foot. Surgical management of CO 
includes local curettage or partial calca-
nectomy or total calcanectomy. In more 
severe cases of extensive calcaneal invol-
vement, limited soft tissue coverage crea-
tes a challenge for the surgeon to allow 
for primary closure. Excision of devascu-
larized infected bone risks destroying the 
weight bearing plantar cortex, detaching 
the Achilles tendon and disrupting the 
hindfoot complex. Moreover, in cases of 
osteomyelitis, the overlying plantar fat 
pad and skin are often compromised 
and limit soft tissue closure. Often below 
knee amputation has been recommended 
in these cases [20, 31, 36, 37, 38, 40, 41].

Only 3 (12.5%) patients in our study had 
a recurrence of bone infection which was 
similar to those of previous studies [40, 
42, 43, 44]. Complications occurred in 9 
cases  (36%) including local ulcer, aseptic 
wound leakage and partial skin necrosis  
which needed 3 reoperations. Multiple 

Figure 1: (A) X-ray of the right calcaneus before surgery. (B) intraoperative 
photographs after longitudinal osteotomy. (C) after intralesional resection. 
(D) x-ray after surgery. (E) x-ray after 2 months. (F) x-ray at 6 months-F.
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further cohort series of partial, subto-
tal, and total calcanectomies have been 
published with varying results. One sys-
tematic review reports 80% healing rates, 
with better results occurring with partial 
rather than total calcanectomies [21, 27, 
31]. Another systematic review found that 
85% of patients receiving a partial calca-
nectomy maintained their mobility levels 
[31, 39]. Partial calcanectomy is a relative-
ly simple procedure for chronic heel ul-
cers with limited calcaneal involvement. 
The amount of soft tissue compromise 
may allow for primary closure following 
partial calcanectomy [20, 31, 36].

Whether bone infection relapses after 
treatment is influenced by multiple fac-
tors, such as surgical strategies, pathogen 
species and virulence and finally, host 
immune status. The goal of operations is 
to remove all the devitalized infected tis-
sues, leaving behind healthy vascularized 
bone. It is reasonable to understand that 
the protocols for CO treatment include 
partial and total calcanectomy, or even 
below-knee amputation. Although infec-
tion can be eradicated following such ra-
dical surgeries, the foot function may be 

more or less impaired [40, 45, 46].
If a primary wound closure is not possi-
ble it can be achieved by various plastic 
procedures including free muscle flaps 
(serratus anterior, gracilis), or local flaps 
(rotational flaps, abductor digiti minimi 
flap, neurocutaneous or fasciomuscu-
locutaneous flaps). Skin grafting with a 
rotational flap using local tissues (Qarris 
and Saad method) was performed in 4 
patients, wounds in 2 patients were clo-
sed with free split skin flaps. The revie-
wed studies showed no difference in the 
reinfection rate and failure rate of the 
flaps. However, the choice of soft tissue 
coverage should be based on the location 
and size of the soft tissue defect. Direct 
closure with the adjacent normal skin is 
preferable, but small defects may be re-
liably covered by local pedicle flaps [1, 47]. 
Disadvantages of free vascularized flaps 
are the need of microsurgery, long ope-
ration time, and prolonged hospital stay 
combined with higher costs. They are 
also usually insensate, producing a later 
risk of pressure ulceration. Regardless 
of which coverage is used, the applied 
procedure should guarantee an impro-
ved bone vascularization and a good dead 
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space management to avoid haematoma 
formation [1, 48].

Despite the presence of various microor-
ganisms in the formation of CO, gram-
positive bacteria play a major role. In our 
study staphylococcus strains were the  
more common with 38 %. The majority 
were coagulasopositive Staphylococcus 
aureus with 31% which might occur in 
single and associative forms. Similar re-
sults were observed by many authors [2, 
22, 31, 32].

Candida albicans were observed in 17 % 
which needed long term AB therapy. Pati-
ents without infection eradication may be 
caused by ineffective antibiotic therapy, 
difficulties in the surgical treatment and 
adverse effects. Other authors observed 
similar results [32, 33, 34, 35].

Seven pediatric patients (mean age 10.3 
years, range 5-16) with  chronic CO were 
treated  with trepanation of the calcaneus 
with intralesional resection from the la-
teral incision. 

A recurrence of the osteomyelitic process 
was observed in 1 patient. He underwent 
another successful necrectomy. Osteo-
myelitis in children is a potentially dan-
gerous disease that requires early diagno-
sis and treatment in order  to prevent the 
spread of infection to nearby joints, bone 
growth disorders and reduced quality of 
life  [17, 19]. Nevertheless, acute osteomy-

elitis is not always easy to recognize sin-
ce bone pain without systemic signs and 
symptoms, negative imaging and blood 
tests may confuse the clinician [18]. This 
is especially true when small bones, like 
the calcaneus, are involved. In this case, 
signs and symptoms may be even more 
subtle. Therefore, clinical experience and 
high index of suspicion are necessary for 
the emergency pediatrician to recognize 
and promptly treat these conditions [17].

CONCLUSION

Chronic osteomyelitis of the calcaneus is 
a disease that threatens the limb. Treat-
ment of CO can be complex due to the 
poor soft tissue coverage and the nature 
of the stress on the calcaneus. CO is diffi-
cult to manage and requires a multidisci-
plinary approach involving orthopaedic 
surgeons, plastic surgeons and infecti-
ous diseases physicians.  More than 30% 
of microbiological data showed the pre-
sence of staphylococcus aureus, which 
must be taken into account in antibiotic 
therapy at the beginning of treatment. 
Our results also show that using a single-
stage partial resection of calcaneum with 
primary closure of wound is a viable and 
useful technique in managing CO.  g
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INTRODUCTION
 
Infected bone defects represent one of the 
most difficult and challenging conditions 
to treat in orthopedic trauma. Successful 
treatment requires appropriate preope-
rative workup and a staged approach to 
surgical management. Preoperative wor-
kup should consist of imaging and labo-
ratory studies (white blood cell counts, 
erythrocyte sedimentation rate, and C-
reactive protein). In addition, patients 
should be investigated and treated for 
any nutritional or metabolic deficiencies, 
immune compromise and other comor-
bidities impacting healing. The initial 
surgical stage is focused on eradication of 
infection with a combination of surgical 
and antibiotic treatment. 

Many different approaches for manage-
ment of leg bone defects are described 
and various techniques have been develo-
ped to address this issue [1,2]. The Ilizarov 
external Fixator (IEF) is a revolutionary 
technique that involves the use of a circu-
lar external fixator to stabilize the limb, 
lead to bone union, and address malali-
gnment, leg length discrepancy, and soft 
tissue defects [1,3]. This method has been 
used to treat fractures, nonunions, defor-
mities, and other bone defects. Although 
bone defects treated by IEF have reached 
satisfactory outcomes in most studies, 
there were still some unsatisfactory re-
sults with relatively high complications 
reported in some studies [1,4]. Other met-
hods have also been developed to manage 
leg bone defects, such as the vascularized 

fibular graft and the induced membrane 
(Masquelet) technique. These methods 
have shown promising results in terms 
of faster healing, shorter external fixa-
tion time, and lower complication rates. 
However, they also have their own limit-
ations and drawbacks [5].

In the first part of this paper the treat-
ment with IEF will be described together 
with a simple classification of bone de-
fects, derived from our practical expe-
rience. This might allow rapid diagnostic 
criteria for middle-income (LMIC) count-
ries. In the second part we will report on 
a case series using this classification sys-
tem in combination with IEF technique. 

PRIMARY  
TREATMENT GOALS 

1. Removal of all loose or chronically in-
fected hardware.
2. Debridement of all infected or nonvia-
ble bone and soft tissue.
3. Multiple deep tissue biopsies for cul-
ture and sensitivity to guide antibiotic 
treatment (minimum of 3–5 specimens).
4. Revision of fracture fixation (using 
either temporary or permanent fixation).
5. Placement of local antibiotic treatment 
if possible.
6. Soft tissue management as required 
(e.g, primary closure, vacuum-assisted 
closure, or flap coverage) [9].

EVALUATION OF 
BONE DEFECTS

Classification according to size of bone 
defect [10]:

•	 Group 1: bone defect less than 2 cm.
•	 Group 2: bone defect from 2- 6 cm.
•	 Group 3: bone defect from 6- 12 cm.
•	 Group 4: bone defect more than 12 

cm.

We find the above classification, very de-
tailed and of valuable results in research 
and well qualified center, as well as limb 
reconstructive surgery (LRS) specialized 
unites. To facilitate bone defect classi-
fication for resident, junior orthopedic 
specialist in LMICs, we prefer to separate 
into 2 groups only according to bone de-
fect sizes:

Small defects (<3 cm):
Defects less than 15 mm may be left to 
heal by obliterating the defect through 
shortening the limb to facilitate contact 
between the bone ends and subsequent 
union. The shortened limb may then be 
managed by orthotic means or not at all if 
less than 15 mm. However, larger defects 
towards 3 cm may be amenable to ma-
nagement by bone grafting after the soft 
tissues have recovered well or using the 
Masquelet technique as a planned proce-
dure. IEF is another option to close the 
defect and provide early weight bearing 
tool. 
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Large defects (>3 cm):

Regarding the bone defects more than 3 
cm, the defect area has to be debrided and 
all necrotic and dead tissue are removed. 
The bone is explored and debrided and 
infected or necrotic edge of the bone are 
removed. In patients with infected bone 
defect sites, we applied antibiotic locally 
or used Masquelet-induced membrane 
technique until laboratory and clinical 
evidence of healthy noninfected bone gap 
area is confirmed.  IEF has its merits to 
reconstruct the bone defect even associa-
ted with soft tissue loss.  

EVALUATION OF  
SOFT TISSUE 

DEFECTS

Some of these cases represent soft tissu-
es defects which need specific procedures 
which can be classified in 3 types (Table 
1).

Soft 
tissue 
defect 
type

Host 
category

Bone defect size

< 2cm 2-6cm 6-12cm >12cm

alpha

A

Primary bone grafting 
with internal fixation

Masquelet with primary 
internal fixation or non-
vascularized graft

Acute and gradual 
shortening and 
lengthening with Ilizarov 
fixator trifocal or 
Masquelet with primary 
internal fixation or fibula 
graft in a child or upper 
limb defects

Acute and gradual 
shortening and 
lengthening with Ilizarov 
fixator or vascularized 
fibula graft or Masquelet 
with primary internal 
fixation

B
Shortening Acute and gradual 

shortening and 
lengthening with Ilizarov 
fixator bifocal

Acute and gradual 
shortening and 
lengthening with Ilizarov 
fixator Trifocal

Acute and gradual 
shortening and 
lengthening with Ilizarov 
fixator

          
beta

A

Acute shortening/flap 
for wound management 
or Masquelet induced 
membrane technique

Masquelet-induced 
membrane technique or 
open bone transport

Bone transport through 
the induced membrane 
or Masquelet-induced 
membrane technique

Osteo-myo-cutaneous 
vascularized fibula graft 
in upper limbs or Bone 
transport through the 
induced membrane

B
Acute shortening for 
wound healing/flap and 
fixation by Ilizarov

Open bone transport or 
bone transport through 
the induced membrane

Open bone transport or 
bone transport through 
the induced membrane

Consider amputation in 
type B and C host

        
gamma A

Convert a gamma to 
beta/alpha wound, bony 
stabilization with ex-fix

Convert a gamma to 
beta/alpha wound, bony 
stabilization with ex-fix

Convert a γ to β/α wound, 
bony stabilization with ex-
fix

Convert a γ to α wound, 
bony stabilization with ex-
fix Consider amputation

B

Make every effort to 
convert a B to A host and 
a gamma to beta or alpha 
wound 

Make every effort to 
convert a B to A host and 
a gamma to beta or alpha 
wound

Consider amputation, 
especially in C host

Consider amputation in 
type B and C host

Table 1 shows the combined approach for soft tissue defect types and bone defect sizes for the management of Segmental Bone defects [10]

• Type alpha: No soft tissue deficit. 
No additional soft tissue reconstruction 
is required before or following bony re-
constructive procedures.
  

• Type beta: Soft tissue defects which re-
quire soft tissue reconstruction
The soft tissue envelope will need aug-
mentation to support the underlying 
bony reconstruction which are higher up 
on the reconstruction ladder including 
random, axial and free flaps. 

• Type gamma: Unable to reconstruct the 
soft tissue defect [10].

Negative-pressure wound therapy 
(NPWT) also known as vacuum-assis-
ted closure (VAC) was initially viewed as 
a revolution in wound management to 
the extent a new reconstructive ladder 
incorporating NPWT was proposed [11]. 
Advantages of NPWT included an increa-
sed rate of granulation tissue formation, 
decreased peri wound oedema, decrea-
sed time to wound closure, less frequent 
dressing changes, control of bacterial 
proliferation and potential financial ad-
vantages [12].

HOST  
OPTIMIZATION

This should also be included into the 
management and can be determined 
according to the host type (Modified 
McPherson) [13]. The importance of host 
optimization during limb reconstruction 
surgery cannot be emphasized enough. 
The host status serves as the primary in-
dicator of the patient’s ability to affect the 
healing of bone and soft tissues, as well as 
their ability to launch an effective immu-
ne response against infection.

•	 Type A: Good immune system and 
delivery. 

•	 Type B: Compromised locally (BL) or 
systemically (BS). 

•	 Type C: Requires no treatment; mi-
nimal disability; treatment worse 
than the disease; not a surgical can-
didate. 
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ROLE OF BIOLOGICS 
IN BONE DEFECT 
MANAGEMENT 

The ability to augment the treatment of 
bone defects with biologic materials or 
strategies represents an attractive alter-
native to conventional treatment options. 
Several biologic materials or treatments 
are currently available for use inclu-
ding cellular therapies with bone mar-
row aspirate, platelet-rich plasma (PRP), 
BMP, and distraction osteogenesis [14].

Bone marrow aspirate 
concentrate

Concentrated bone marrow aspirate con-
tains a viable population of osteoprogeni-
tor cells that can participate in osteoge-
nesis. This material has been combined 
with multiple different adjuvants or com-
posites that serve as osteoconductive car-
riers to deliver the osteogenic marrow 
elements. This represents a single-step 
biological strategy for bone defect ma-
nagement. Marrow progenitor cells are 
harvested from the iliac crest, concen-
trated in the operating room, and seeded 
onto an osteoconductive substrate with a 
microporous structure that provides the 
cells with a potentially stable and well-va-
scularized environment. This osteogenic 
construct is then implanted into the de-
fect. Scaffolds used include particulate 
demineralized bone matrix (DBM), colla-
gen sponges, and porous hydroxyapatite 
ceramics.

Platelet rich plasma (PRP)
Currently, there is no Level I evidence 
to indicate that using PRP alone or in 
combination with other materials has a 
substantial effect on bone healing. The 
available evidence (Levels III and IV) in-
dicates that PRP may have a positive ef-
fect as an adjunct to local bone graft, and 
its use has been suggested to increase the 
rate of bone deposition and improve the 
quality of bone regeneration and fusion 
in nonunion situations. 

Bone morphogenetic 
proteins (BMP)

The use of inductive proteins (BMPs) has 
been approved for open tibial shaft frac-
tures and has demonstrated encouraging 

results for the reconstruction of segmen-
tal defects. Jones et al used BMP-2 combi-
ned with allograft bone for the treatment 
of acute segmental tibial defects and 
compared this with a group treated with 
autograft alone. In this Level 1 clinical tri-
al, the average defect size was 4 cm (up to 
7 cm). There were no significant differen-
ces in complication rates or functional 
outcomes between the 2 groups, with si-
milar union rates noted. This study sug-
gested that rhBMP-2/allograft is safe and 
as effective as autogenous bone grafting 
for the treatment of tibial defects [14].

ROLE OF IEF IN BONE 
AND SOFT TISSUE 

RECONSTRUCTION 

Ilizarov external fixator (IEF) is helpful 
and malleable procedure for bone de-
fect fixation. To close the different sizes 
of bone defect, IEF can be applied with 
different strategies. This includes acute 
compression in some cases, acute com-
pression followed by distraction com-
pensating lengthening, gradual compres-
sion followed by distraction, corticotomy 
compensating lengthening from the he-
althy metaphyseal region, bone transport 
using gradual compression with distrac-
tion at the corticotomy site, bone trans-
port using gradual compression with 
distraction at 2 corticotomy sites, free va-
scularized fibular graft, free non-vascula-
rized fibular graft and Ilizarov assisted fi-
bula transportation were used. One of its 
merits, IEF might be used to compensate 
the bone defect as well as the soft tissue 
defects. 

REPORT OF A CASE 
SERIES USING IEF 

TECHNIQUE

This study includes bone defects due to 
infected nonunion of tibia in patients 
treated between September 2015 and 
2020 in our hospitals. 

Patients and Methods
43 cases (6 females) of post traumatic 
bone defect due to infected tibia shaft 
with average age 30 years (range: 18- 62) 
were included. History of infection was 
less than 6 months in 8 patients. All had 
failed previous surgical attempts for ma-
nagement of bone defects pre or post de-
bridement. There was history of more 

than 2 previous surgical attempts for ma-
nagement in all cases. Patients presented 
with discharging sinus in 27 cases, in-
termittent discharging sinus in 8 cases. 
Nonunion was associated with stiff ankle 
in 21 cases. All treated 43 cases were follo-
wed for at least two years (24-36 months).

Surgical Technique

The wound was debrided, and excision of 
the sinus was performed. The bone was 
explored, debrided, sequestrectomy was 
performed, and local antibiotic was ad-
ded, if financially possible. 

To close different sizes of defects, diffe-
rent IEF techniques were used : 

•	 Osteotomy was performed percut-
aneously using multiple drills and an 
osteotome for lengthening or bone 
transport technique at metaphyseal 
area proximally or distally if bone or 
soft tissue permitted. In most cases, 
early guided weight bearing and in-
dependent walking using crutches 
had been performed. Bone healing 
and functional results were assessed 
according to ASAMI criteria (Asso-
ciation for the Study and Application 
of the Method of Ilizarov) and accor-
ding to Paley’s classification for com-
plications [7].

•	 Monofocal technique in 14 cases:
	- 4 Patients (defect 3 cm or less) ac-

cepted acute docking and union with 
shortening 3 cm or less. 

	- 6 Patients (defect 3 cm or less) did 
not accept any discrepancy from 
other limb length, treated by acute 
shortening, followed by gradual leng-
thening, from the same site of bone 
defect, to attain the discrepancy of 3 
cm and less. 
	- 4 Patients (defect 3 cm or less) did 

not accept any discrepancy from other 
limb, treated by Masquelet technique.

•	 Bifocal bone transport in 21 patients 
(one with acute docking). 

•	 Trifocal bone transport in 1 patient.

•	 Free vascularized fibular graft in 1 
patient. 

•	 Free non-vascularized fibular graft 
in 3 patients.

TECHNIQUE





36  //  MO JOURNAL EUROPE

•	 Ilizarov assisted reconstruction of 
comminuted and soft tissue traction 
of lower 1/3 leg bones in 1 patient 
(Fig 1). 

•	 Fibula Ilizarov assisted technique in 
2 patients (Fig 2).

Outcomes
All nonunion sites united, and soft tis-
sue healed between 6 and 15 months. 
Complete consolidation of the regenerate 
bone was obtained within an average of 
8.8 weeks.

Complications
Ten limbs with mild intermittent di-
scharging sinus needed continued local 
dressing and antibiotics, and 6 limbs re-
debridement had to be performed but 
all finally healed. Further complications 
included pin tract infection in 9 cases, 
ankle stiffness in 15 cases and refractu-
re after frame removal in one case. The 
complications did not preclude the surgi-
cal outcome.

CONCLUSION

Ilizarov external fixator is effective in 
management of bone defect pre or post 
debridement of infected nonunion of 
the tibia shaft. It provides advantages of 
many variable technique with Ilizarov 
application. Acute docking, lengthening, 
and correction of deformity could be 
practiced if needed, in the same procedu-
re, with early rehabilitation. g
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Figure 1:
A. Multiple trauma, 21 years old, male patient, had a crush foot injury, post debridement there was 
open fracture Grade III B. Bone shattered, comminuted, with deficient parts, and open distorted 
joint
B. Skin loss, crushed muscles and exposed tendons and bone. Aggressive debridement was done, 
no wound closure, unilateral frame application to give the chance for plastic surgery. Posterior skin 
release and skin grafting. Unfortunately, STSG failed. 
C. A skin traction technique using Ilizarov apparatus, longitudinal and multiple perpendicular wires 
with hooked ends to drag the soft tissues. The skin follows the direction of traction system to close 
the gap
D. Left diagram of the shattered lower 1/3 leg bones, middle  and right X- Rays with Ilizarov 
apparatus, augmented by multiple olive wires were added to reconstruct the shattered disturbed 
bony fragments.
E. Anterior view, soft tissue loss improved. 
F. The skin traction construct was removed after 3 weeks.
G. AP and Lat views  show  disorganized, shattered, bony and articular fragments
H. Arranged bony fragments last follow up
I. Clinical situation at the last follow up.
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Figure 2:
A. Male patient, 50yrs old, presented with comminuted infected fracture tibia fixed by 
uniplanar external fixation
B. Removal of external fixator, debridement of bone and soft tissues, systemic AB, local AB 
C. 2nd debridement with removal of 15cm dead bone
D. Ring fixator 4 weeks later with application of olive wires through the fibula
E. 2 skin incisions at the lateral sides of the leg at the levels of proximal and distal fibular to 
do cortectomies.
F. During fibular transfer
G. After fibular transfer
H. Mobilized with walker while waiting graft union
I. Clinical situation after frame removal

TECHNIQUE
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INTRODUCTION

Musculoskeletal infection remains a 
challenging post-operative complication 
amongst orthopaedic surgeons, requi-
ring multi-specialty coordination given 
its potential for irreparable damage. Pe-
riprosthetic infection outcomes are dri-
ven by a multitude of factors including 
the causative pathogen’s virulence, im-
munocompetency and associated comor-
bidities of the patient, anatomic location 
of the prosthesis, age of the patient, and 
the extent of the bone and soft tissue loss. 
The goal remains to eradicate the infec-
tion while salvaging the limb as much 
as possible without compromising the 
patient’s functional status. Understan-
ding the specific indications, patient cha-
racteristics, and infection parameters is 
crucial for selecting the most appropriate 
approach and optimizing outcomes. Ho-
wever, the most well-prepared orthopae-
dic surgeon has also already considered 
the next options in the unfortunate event 
if the infection persists. There is conti-
nuous debate on indications for the best 
methodology of treating periprosthetic 
infection. We provide an overview on the 
different options available with sugge-
stions on when their use would be most 
appropriate.

 

THREE MAIN 
SURGICAL OPTIONS

Understanding the nuances and evidence 
supporting DAIR and staged debridement 
approaches is crucial in guiding clinical 
decision-making and optimizing the ma-
nagement of musculoskeletal infections. 
Individual patient characteristics such as 
infection severity, implant stability, and 
soft tissue condition determine whet-

her DAIR, one-stage, or two-stage revi-
sion will be selected for initial treatment. 
DAIR consists of aggressive debridement 
of infected tissues, intravenous antibio-
tics, and retention of the original implant 
with PE insert exchange, while staged de-
bridement involves a multistep approach 
with implant removal, thorough debride-
ment, and immediate versus delayed re-
implantation. There is significant varia-
bility in treatment success of preliminary 
management of periprosthetic infections 
with DAIR, one-stage, or two-stage revi-
sions as demonstrated in Table 1.

DAIR
DAIR aims at retaining the implant with 
thorough debridement and irrigation 
with PE insert exchange. It has shown 
favorable results in cases of early infec-
tions, well-fixed implants, and infections 
caused by low-virulence organisms [1]. 
It is commonly indicated in situations 
where the infection is identified acutely 
(usually less than 3 weeks after symptom 
development), the causative pathogen 
has low virulence, or the patients cannot 
tolerate an explant either due to medi-

cal conditions or limited life expectancy. 
Success rates of eradicating the infection 
via DAIR also vary depending on the in-
fection location with a higher success 
rate in a total hip replacement (60-83%) 
as opposed to a total knee replacement 
(55-70%) [1,2]. Radical debridement is one 
of the keys for success but has technical 
limitations with implants in place espe-
cially for TKA. Further risk factors that 
have been shown to significantly increase 
risk of failure after DAIR include insuffi-
cient soft tissue coverage, patients in the 
McPherson systemic host C group, and 
signs of chronic infection such as a sinus 
tract [3]. Additionally, DAIR has low suc-
cess in immunocompromised patients 
with findings that risk of amputation for 
failed limb salvage increases by more 
than 6 times in such patients [4,5]. DAIR 
offers the potential for implant salvage, 
minimizing the need for additional sur-
geries and preserving limb function, and 
is associated with shorter hospital stays, 
reduced costs, and decreased morbidity. 
However, DAIR may be less effective in 
cases of chronic or deep-seated infecti-
ons, implant loosening, or compromised 
soft tissues. 
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Table 1. Summary table of surgical treatment outcomes in periprosthetic infection

Surgical Treatment Success of infection 
control

H
IP

DAIR 60-83%

1-Stage 86-95%

2 Stage (Primary) 94%

2 Stage (Revision) 72%

Girdlestone 90-97%

Hip disarticulation 90%

KN
EE

DAIR 55-70%

1-Stage 86-98%

2 Stage (Primary) 93%

2 Stage (Revision) 82%

Arthrodesis 84%
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One-Stage Revision
One-stage revision removes infected 
components with implantation of new 
prosthetic components during a single 
operation [6]. This method is beneficial 
due to the fewer number of procedures 
required and some studies have demon-
strated equal or better functional out-
comes relative to those after two-stage 
revisions [7]. However, it is only suitable 
for patients that meet certain criteria in-
cluding sufficient and stable soft tissue, a 
well-identified causative organism, and 
absence of sinus tracts, which may also 
bias functional outcome results [8,9]. 
Furthermore, patients with megapro-
stheses such as a total femur a one-sta-
ge revision might be preferred since an 
adequate mega spacer will immobilize 
the patient [10].
 

Two-Stage Revision
Staged revision surgery is often prefer-
red for chronic or recurrent infections, 
implant loosening, and infections caused 
by highly virulent organisms. Although 
involving additional surgeries and lon-
ger treatment duration, it provides an 
opportunity for thorough debridement, 
resolution of infections, and implant ex-
change with improved stability. The sta-
ged approach allows for the assessment 
of infection control and optimization of 
local tissue conditions before reimplan-
tation. Compared to single stage, two-
stage revision requires prolonged hospi-
talization and is associated with higher 
rates of functional impairment and mor-
bidity. Patients with chronic infections 
are at increased risk for more virulent 
pathogens or polymicrobial infections 
and usually present with not only poor-
quality soft tissues, but also greater bone 
loss. As such, these patients are initially 
managed with a two-stage revision due to 
its greater potential for preserving bone 
stock than a one-stage revision [11]. Use 
of a mobile articulating spacer during the 
interim period permits early functional 
mobilization while maintaining joint sta-
bility and delivering local antibiotic the-
rapy. This method has even shown to be 
effective utilizing large intramedullary 
spacers for large segmental bone defects 
at the knee [12].

BONE DEFECT 
MANAGEMENT

Extensive bone defects resulting from 
chronic infections are common and du-
rable fixation remains a challenge. The 
introduction of porous metal wedges, 
cones and sleeves have significantly im-
proved the fixation options for hips and 
knees. Bone transport, a technique based 
on the principles of distraction osteoge-
nesis, has gained increasing attention for 
diaphyseal bony defects as a promising 
solution for managing such cases.  Bone 
transport has demonstrated favorable 
outcomes however, for PJI it plays no role 
and will not be discussed here.

OVERVIEW OF 
PERIPROSTHETIC 

INFECTION 
MANAGEMENT

Patient care and counseling requires con-
sideration of possible future reoperations 
and whether patients would be able to to-
lerate future procedures, as outlined in 
Figure 1. Patients who are indicated for 
further surgical management, regardless 
of the first procedure performed, the next 
step after failed infection control consists 
of a two-stage revision. If the infection 
continues to persist, more extensive sur-
gical interventions are required [13]. Hip 
infections would require Girdlestone re-
section arthroplasty and very rare hip 
disarticulation. Unrelenting knee infec-

tion would be managed with arthrodesis, 
and if the infection continued to be poor-
ly controlled, an above knee amputation 
(AKA). Given the high rates of morbidity 
and minimal improvement in functional 
and health status outcomes with additio-
nal limb-salvaging procedures, surgical 
attempts to limb-salvage should not ex-
ceed 4-6 procedures. After this many sur-
geries, the likely return on improvement 
in health outcome is diminished making 
amputation the best next step.
 

Resection Arthroplasty
Resection arthroplasty procedures fol-
low failed attempts at DAIR and staged 
revisions. For complicated hip infecti-
ons, the Girdlestone procedure, while 
not frequently utilized, has shown to be 
effective in controlling infection rates [14, 
15]. However, functional results have not 
been very favorable with more than 90% 
of patients experiencing persistent pain 
and 83% are minimal community am-
bulators [14]. Resection arthroplasty for 
infected knees should be performed for 
wheelchair bound patients only. 

Arthrodesis 

Arthrodesis has a limited role in infec-
ted THA since resection arthroplasty 
represents the better alternative. When 
attempting to control TKA infections, 
arthrodesis can be a part of the staged 
revision procedures either by using this 
as a definitive primary procedure or af-
ter failed revision surgeries. It is usually 
indicated in circumstances involving an 
inadequate extensor mechanism, highly 
virulent organisms, or multiple failed at-
tempts at limb salvaging [16]. Arthrodesis 
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Figure 1. Overview of surgical management of periprosthetic infection
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has a high success at eradicating infecti-
on with success rates over 90%, although 
complication rates are relatively high at 
40%. It has been shown to have better 
functional outcomes than above-the-
knee amputations [17]. However, Carr et. 
al determined significantly higher post-
operative complication rates found in 
knee arthrodeses relative to above knee 
amputations, as summarized in Table 2 
[18].

Knee arthrodesis, common in the ear-
ly 1900s, is an uncommon outcome of 
failed TKA. The most common reason 
for knee arthrodesis in modern times is 
failed treatment of PJI with TKA [19]. Pa-
tients with substantial metaphyseal bone 
loss, inadequate ligamentous restraints, 
multiple failed revisions, inadequate soft 
tissue coverage with loss of extensor me-
chanism and infection with virulent or-
ganisms should be considered for knee 
arthrodesis. Patients with failed two stage 
reimplantation may be candidates for 
arthrodesis. There are newer implants 
available that are considered arthrodesis 
endoprostheses that can bridge limited 
bone defects and allow for weight bearing 
[20]. Given the low functional outcomes 
of AKA versus arthrodesis, when treating 
a patient who requires multiple revision 
surgeries, earlier intervention with an 
arthrodesis is considered before amputa-
tion is the only viable option remaining.

Amputation 

Amputations are an absolute last resort 
when considering treatment options for 
infected TKA. They are usually conside-
red in cases of severe sepsis, unrelenting 
local infection with concomitant massive 
bone loss and uncontrollable pain [21]. 
Amputations are rarely considered due 
to the high percentage of low functional 
outcomes given the high energy expen-
diture required  with at least half of pa-
tients ultimately requiring a wheelchair 
(22). This is why when treating a patient 
who requires multiple revision surgeries, 
earlier intervention with an arthrodesis 
is considered before amputation is the 
only viable option remaining. 

In some cases, above knee amputation 
(AKA) for a chronically infected total 
knee arthroplasty is the only option. 
There have been several reports on the 
subject and various contributing factors 
can be identified. Severe soft-tissue loss, 
more than 6 reoperations, and prior flap 
reconstruction, correlate with the need 
for AKA [23]. Due to poor functional out-
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Arthrodesis AKA
Post-operative Infection 14.5% 8.3% p<0.0001

Blood transfusions 55.1% 46.8% p<0.0001

Systemic complications 31.5% 25.9% p<0.0001

In-patient Mortality 3.7% 2.1% p<0.0001

Hospital length-of-stay 11 days 7 days p<0.0001

90-day readmission rate 19.4% 16.8% p=0.009

Table 2. Comparison of outcomes after knee arthrodesis vs.above-knee amputation after failed 
TKA [18]

comes, amputations are considered an 
absolute last resort when considering 
treatment options for infected TKA [24]. 
Infection is the most common complica-
tion that results in the rare indication for 
an amputation after a TKA (0.025%) due 
to the higher prevalence of infection than 
other complications such as vascular in-
jury and compartment syndrome (21). 
Similarly, hip disarticulation is a rare 
outcome of a chronically infected total 
hip arthroplasty, occurring about 0.3% 
of hip PJIs. Options such as Girdlestone 
can be chosen earlier and may eliminate 
the need for hip amputation (25). Patients 
with PJI after tumor megaprostheses are 
at higher risk of amputation at all levels. 
Jeys and Grimer found that amputation 
rates due to infection vary according to 
anatomic location of the prosthesis with 
the highest rates occurring at the tibia 
(7.8%), distal femur (2.4%), and pelvis 
(2.0%) [26]. 

Mozella found that the incidence of am-
putation as a result of complications 
from TKA was 0.41% incidence with re-
current infection responsible for 81% of 
cases [28]. Failure after DAIR for PJI of 
TKA was significantly associated by a 
number of factors including the presence 
of a sinus tract, infection due to methycil-
lin-resistant Staph. Aureus, the immuno-
compromised status of the patient, treat-
ment delays, relatively short antibiotic 
duration, and retention of exchangeable 
prosthetic components [27].

With significant surgeries such as an 
AKA, it is relevant to evaluate the functio-
nal and psychosocial impact on patients. 
Of the patients that were amputated, 44% 
were utilizing prostheses while 62.5% 
were functionally walking [28]. Ambula-
tory status after AKA has not shown to 
significantly worsen- about half of pa-
tients continuing to be nonambulatory 
while about a quarter remain home am-
bulators or community ambulators, re-
spectively [29]. In Orfanos’ retrospective 
analysis identified a 50% mortality rate at 

5 years after AKA for PJI [30]. The majo-
rity of patients in their study (86%) were 
satisfied with their AKA and 42% repor-
ted that in hindisight, they would have 
done it sooner [30].

Currently, surgical treatment decision-
making for periprosthetic infection re-
quires careful balancing between prepa-
ring for feared and unknown outcomes 
while prioritizing patient safety and pre-
servation of function. Given its ubiquity 
within orthopaedic surgery, we must 
continue to develop and improve treat-
ment strategies and protocols to minimi-
ze infection risk. g
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IMPROVE THE CHANCES

Medical

REDUCE RISK FOR 
INFECTION

Reduction of infection risk* using dual 
antibiotic-loaded bone cement in high  
risk patients

* as reported in study results

34 % in primary 
hip & knee 
arthroplasty

69 % in fractured 
neck of femur

57 % in aseptic 
revision TKA
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