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Use of biodegradable materials as local 
antimicrobial carriers in orthopedic 
infections
Antariksh Waghmare, Narendra K. Saxena, Suvarn Gupta, Sohael Khan

Abstract:
INTRODUCTION: Orthopedic infections have been a major complication; despite numerous advances 
in prophylactic measures, infections still remain a major complication in orthopedic and trauma 
surgery.  The progressive infection of the bone and the surrounding tissue results in bone infarcts with 
abscess and sequestrum formation. Adequate treatment can be an implant removal and a radical 
debridement with a long‑term course of systemic antibiotic, but these prolonged therapies can result 
in side effects or toxicity. The primary reason for using local antibiotic delivery vehicles is its ability 
to achieve high local concentrations without associated systemic toxicity.
MATERIALS AND METHODS: This is a prospective study conducted over 2 years. Thirty‑five patients 
were studies in which 33 patients were managed with calcium sulfate + antibiotic, 1 was managed 
prophylactically with beads, and one was managed with Abgel + antibiotic as a biodegradable carrier. 
The aim was to evaluate the efficacy of biodegradable materials as antimicrobial carriers in localized 
orthopedic infection.
OBSERVATIONS: A prospective study consists of 35 cases of orthopedic infections with major 
number of patients belonged to the age group of 20–40 years, with a mean 37.66 ± 19.9 years. One 
patient was included with soft tissue infection and rest all the patients had bone infections. It was 
observed that there is statistically significant improvement in ASEPSIS score at 0 week to ASEPSIS 
score at the end of 9 weeks.
CONCLUSION:  In the present study, the patients showed evidence of excellent control of infection 
and osseous repair, and further, none of the patients required follow‑up. In our series, we have used 
calcium sulfate as a biodegradable antimicrobial carrier with appropriate antibiotics and achieved 
good‑to‑excellent results in local orthopedic infections.
Keywords: 
Biodegradable antibiotic beads, bone infection, osteomyelitis

Introduction

Orthopedic infections have been a 
major complication; despite numerous 

advances in prophylactic measures, 
infections still remain a major complication 
in orthopedic and trauma surgery.[1]

The progressive infection of the bone and 
the surrounding tissue results in an intense 
inflammatory response, causing local 
thrombosis and weakening of the blood 

supply. This provokes an undersupply of 
oxygen and shortage of nutrition to the bone 
and the surrounding tissue, resulting in 
bone infarcts with abscess and sequestrum 
formation.[2] Furthermore, the incoming 
amount of the antibiotic is limited and ends 
in a poor local antibiotic concentration, 
especially in the infected bone itself. In these 
isolated infected areas, bacteria can multiply 
almost without meeting any resistance and 
are able to form biofilms that add additional 
protection against antibodies and antibiotic 
therapy.[3] Biofilm formation results in a 
need for 10–100 times increased antibiotic 
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concentrations to cross the barrier to fight bacteria.[4,5] All 
these factors together and in different combinations lead 
to the formation of necrotic bone and sequestrum. For 
adequate treatment of chronic local orthopedic infection 
in the presence of biofilm, complete implant removal 
and radical surgical debridement are necessary, and to 
ensure mechanical stability after removal of the implant, 
an external fixation is necessary.[6] A long‑term course of 
systemic antibiotic therapy has been considered essential, 
but these prolonged therapies can result in side effects 
or toxicity.

The primary reason for using local antibiotic delivery 
vehicles is its ability to achieve high local concentrations 
without associated systemic toxicity. In the typical 
infected wound environment which frequently has 
zones of avascularity, ability to achieve high levels of 
antibiotics in these otherwise inaccessible areas is highly 
desirable.[7] Additional reasons for the use of these 
delivery vehicles include the desire to treat remaining 
planktonic organisms and sessile organisms in biofilms 
more effectively with high concentrations of antibiotics.[8]

A primary advantage of a biodegradable carrier is 
the avoidance of secondary surgical procedures for 
removal. As traditional bone cement beads are required 
to be removed once antibiotic elution has ceased. 
Biodegradable implants loaded with antibiotics provides 
high local bactericidal concentrations in tissue for the 
prolonged time, needed to completely eradicate the 
infection and the possibility to match the rate of implant 
biodegradability according to the type of infection 
treated.[9] Biodegradable implant can also be used 
initially to obliterate the dead space and eventually to 
guide its repair.

Materials and Methods

This is a prospective study conducted in the Department 
of Orthopaedics, Acharya Vinobha Bhave Rural 
Hospital (Sawangi), Wardha, over 2 years. Thirty‑five 
patients were studies in which 33 patients were managed 
with calcium sulfate + antibiotic, one was managed 
prophylactically with beads, and one was managed with 
Abgel + antibiotic as a biodegradable carrier.

Aim
To evaluate the efficacy of biodegradable materials as 
antimicrobial carriers in localized orthopedic infection.

Inclusion criteria
1. All the cases of localized orthopedic infections, above 

5 years of the age, which are not responding to routine 
systemic and local antimicrobial treatment, attending 
Acharya Vinobha Bhave Rural Hospital

2. Prophylactic in patients who are coming with badly 

contaminated compound fracture where infection is 
anticipated

3. Patients who are willing for this treatment modality 
and follow‑up protocol for evaluation.

Exclusion criteria
1 Those who are not willing for regular follow‑up
2 Immunocompromised patient
3 Patient with renal and hepatic failure and other 

comorbid conditions where use of such antibiotics 
is restricted.

Statistical analysis was performed in “ Statistical Package 
for the social sciences” (SPSS) software, Version 21, 
DMIMS, Nagpur, Maharashtra, India. Variable were 
categorized in scale, nominal and ordinal. Chi‑square 
test, Student’s t‑test, and Pearson’s correlation test were 
done to analyze different variables.

Procedure
The biodegradable antimicrobial bead was prepared 
under all aseptic precautions with appropriate antibiotic 
and in desired shapes (hand molded) [Figures 1‑3]. 
Ten grams of calcium sulfate mixed with 1 gram 
vancomycin (powdered form) with approximately 
5 milliliters of Normal Saline (0.9% NaCl) was 
sterilized in Ethylene Oxide  sterilization chamber for 
8 hours. The setting time of these calcium beads was 
approximately 6–8 hours.These antibiotic‑impregnated 
biodegradable beads have been used in bone as well as 
soft tissue infection in orthopedics cases.

All the patients were treated surgically with debridement 
and introduction of antibiotic‑impregnated calcium 
sulfate beads based on culture sensitivity. When 
bacterial culture was no growth, then vancomycin 
was used, and systemic antibiotic delivered was based 
on final cultures at the time of surgical debridement. 
Postoperatively, patients were followed up for maximum 
of 9 weeks because antimicrobial beads take maximum 
of 9 weeks to completely dissolve into the body and after 
which have no role in the control of infection.

The patient’s ASEPSIS score [Table 1] was noted at every 
0, 2, 6, and 9 weeks, and the patients were given routine 
additional antibiotics and dressing as a protocol in our 
hospital.

The ASEPSIS score thus derived was based on 
clinical examination of the above‑mentioned four 
clinical parameters.

Observations

A prospective study consists of 35 cases of orthopedic 
infections. All the cases were available for follow‑up. 
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Out of 35, there were 30 (85%) males and 5 (15%) 
females. Most number of patients belonged to the 
age group of 20–40 years, with a mean 37.66 ± 19.9 
standard deviation. One patient was included with 
soft tissue infection and rest all the patients had bone 
infections.

Fifty‑eight percent of the patients had Staphylococcus aureus 
infections which were sensitive to vancomycin, 14% of 
patients showed growth of methicillin‑resistant S. aureus, 
14% were Pseudomonas, and rest 14% showed growth of 
other organisms.[Graph 1].

Fortyeight percent of the patients showed involvement of 
tibia, 34% patients showed involvement of femur. In 8% 
patients, foot was involved, and in rest 8%, other areas 
were involved. Seventy‑four percent patients presented 
to us with discharging sinus while 26% presented with 
open wound.

Evaluation of results at follow‑up was done using 
ASEPSIS score.

Thus, it was observed that there is statistically significant 
improvement in ASEPSIS score at 0 week to ASEPSIS 
score at the end of 9 weeks (P = 0.00) [Table 2].

In our study, the pellets were no longer able to be seen on 
radiographs at 1 month (15 cases) and 2 months (20 cases). 
Therefore, all the pellets had completely resorbed 
by 2 months postoperatively, with the averWWage time 
of resorption being 1.4 months (range, 1–2 months).

In all patients, the local antibiotic calcium sulfate 
implants fully biodegraded. In all patients, the bone 
showed progressive repair without evidence of either 
residual or new osteolysis. No patient had significant 
drainage or adverse reaction to the local antibiotic 
implants.

Discussion

Chronic orthopedic infections of the bone and 
surrounding soft tissue represents inflammatory 
and progressive bacterial infections are difficult to 
manage. It was first described in 1852 by the French 
Surgeon Edouard Chassaignac in a case of a 2‑year‑old 
child.[4] However, already in the 17th century BC, 
osteomyelitis was specified in the Egyptian Edwin Smith 

Papyrus – probably the oldest trauma text in human 
history.[5]

Healthcare workers fear osteomyelitis due to its 
refractory nature, resulting in considerable morbidity 
and mortality[10,11] and high costs to the healthcare 
system.[12] Although efforts have been undertaken to 
reduce the incidence and consequences of osteomyelitis, 
a large proportion of the world population still suffers 
from chronic osteomyelitis, primarily because of a vast 
increase in reconstructive orthopedic procedures.[13] 

Table 1: ASEPSIS score
Criteria Score
Serous exudate 0‑5
Erythema 0‑5
Purulent exudates 0‑10
Separation of tissues 0‑10

Figure 2: Biodegradable antimicrobial pellets were made in desired shape and 
size (hand‑molded) according to the required area for implantation

Figure 1: Mixture of calcium sulfate and vancomycin mixed with NS (sodium 
chloride 0.9%) to the shown consistency

Graph 1: Distribution according to organisms isolated
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Furthermore, inadequate treatment of the acute phase 
allows osteomyelitis either to persist and become chronic 
or relatively “dormant” for a considerable time, only to 
recur at a later phase.

In our study, orthopedic infections occurred mostly in the 
age group of 20–60 years, with the youngest patient aged 
8 years and oldest patient aged 87 years. It is comparable 
with similar studies done earlier.[14] Our study had a male 
preponderance with 30 males and five females which 
are similar to other studies. [9,14] Chronic osteomyelitis 
is intrinsically resistant to antibiotic therapy, even 
when caused by bacteria that are not clinically defined 
as resistant to the preferred antibiotics. This is mainly 
due to insufficient concentration of antibiotic at local 
site. S. aureus is by far the most common pathogenic 
microorganism causing chronic osteomyelitis, owing to its 
ability to adhere, invade tissue (by toxins and hydrolases), 
undermine host defenses, and invade mammalian cells.[15] 
Moreover, S. aureus and other pathogens involved in 
chronic osteomyelitis frequently form biofilms on necrotic 
bone and foreign bodies, in which they are extensively 
protected from host defenses and antimicrobial therapy 
by a slimy layer embedding the organisms. In our study, 
we found similar results Wthe patients but one was 
sensitive to vancomycin. In our study, vancomycin was 
used in most patients as supported by other studies being 
useful as local antimicrobials.[16]

The biodegradable antimicrobial pellets showed added 
advantage of no biofilm formation over the material and 
total dissolution of antimicrobials locally as opposed to the 
polymethylmethacrylate beads. Polymethylmethacrylate 
beads only carry antimicrobials on their surface, and 
after its release, if not removed, beads itself act as foreign 
material and form biofilm‑harboring microorganisms.[5]

In our study, the most common bone infected was tibia 
followed by femur. It may be due to the most common 

involvement of tibia in road traffic accidents, least soft 
tissue coverage, and precarious blood supply.

The systemic antibiotic therapy of osteomyelitis is 
administered intravenously and orally. It requires 
an antibiotic agent matching the antibiogram of the 
bacteria. Systemic antibiotic treatment has potential for 
drug‑related toxicity with organ failure, gastrointestinal 
side effects, allergic reactions, and the possible lack 
of reaching therapeutic concentrations in the infected 
area.[17] Because of poor penetration of bone at the 
infection site, a systemic antibiotic therapy is unable to 
eradicate the bacteria in a chronic state.

In Chronic Osteomyelitis, antibiotic treatment 
alone will fail if there is inadequate surgery or 
debridement.[18] The high risk of a continuous and 
recurrent infection explains the need for a systemic 
postoperative antibiotic therapy. According to the 
literature, a postoperative systemic antibiotic therapy 
is recommended for 4–6 weeks and is founded 
over 4 weeks for revascularization of bone grafts after 
resection and transplantation.[15,19]

Further problems occur with the increasing number of 
highly resistant bacteria such as methicillin‑resistant 
S.  aureus. [20] In our study, five patients were 
methicillin‑resistant S. aureus positive treated by 
biodegradable local antimicrobial beads.

  Figure 3: ETO‑sterilized biodegradable antimicrobial beads

Table 2: ASEPSIS score at 0 week, 2nd week, 6th 
week, and 9th week
ASEPSIS score Number of patients
ASEPSIS score at 0 week

0‑4 2
5‑8 12
9‑12 12
13‑16 9
17‑20 0

ASEPSIS score at 2nd week
0‑4 7
5‑8 8
9‑12 14
13‑16 6
17‑20 0

ASEPSIS score at 6th week
0‑4 15
5‑8 19
9‑12 0
13‑16 0
17‑20 0

ASEPSIS score at 9th week
0‑4 34
5‑8 1
9‑12 0
13‑16 0
17‑20 0
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Biodegradable carriers can provide continuous and 
sustained high local antibiotic concentrations from the 
introduction up to 8 weeks, whereas antibiotic release 
from polymethylmethacrylate beads can diminish 
to values below the detection limit within 12 days. 
Furthermore, biodegradable carriers can release all of 
their antibiotic content.[9]

Calcium sulfate has been used since 1892 as an 
osteoconductive filler of bone defects.[21]

It also acts primarily as space filler, which restores 
morphological contour, prevents the ingrowth of soft 
tissue, and provides an osteoconductive matrix for the 
ingrowth of blood vessels. Surgical‑grade calcium sulfate 
has been optimized to resorb at a rate similar to that of 
new bone formation. When placed in contact with bone or 
periosteum, calcium sulfate will stimulate bone growth. 
Even when loaded with vancomycin, calcium sulfate is 
still osteoconductive and improves bone healing.

The local delivery of antimicrobials for orthopedic 
infections has a potential advantage over standard 
systemic therapy. Not only does this biodegradable 
antibiotic implant obliterate the dead space, but it also 
delivers high dose of tissue antibiotics and aids in bone 
repair. Furthermore, these antimicrobial‑impregnated 
beads do not require second procedure for removal of 
bead as in polymethylmethacrylate.

This study has an advantage of cost‑effectiveness of 
total treatment and hospital stay of the patient being 
shortened with the biodegradable antimicrobial beads. 
Since the bone repair was substantial, follow‑up surgery 
with autogenous iliac bone grafting and all its inherent 
problems hopefully can be avoided. Antimicrobial 
beads are easily hand‑molded into desired shape and 
size so that they can be used in resistant infections. The 
complications encountered in two cases in our study 
were at 0–2 weeks a white color clear discharge coming 
out of the closure site. This was due to more than the 
required amount of calcium sulphate or due to excessive 
serous discharge because of foreign body reaction due 
to beads.  The discharge spontaneously disappeared in 
2 weeks.

 Conclusion

Treatment of orthopedic infections has long been a 
controversial subject and remains a significant surgical 
challenge. Before the development of local antimicrobials 
agents, such cases were managed by the use of systemic 
antimicrobials agents with local surgical procedures.

Infection persisting in the soft tissue in the vicinity of 
bone lesion affects healing of the bone.

The local delivery of antibiotics for localized orthopedic 
infection has a potential advantage over standard 
systemic therapy. Not only do these biodegradable 
antibiotic carriers obliterate the dead space but also 
deliver high doses of antibiotics in tissue, controls 
infection, and aids in bone repair. Furthermore, it does 
not require removal like methylmethacrylate and has 
no possibility of biofilm formation around the beads as 
seen in polymethylmethacrylate. [22,23]

In the present study, the patients showed evidence 
of excellent control of infection and osseous repair, 
and further none required follow‑up surgery such 
as autogenous iliac bone grafting despite the size of 
the defect. Full degradation of calcium sulfate pellets 
occurred in approximately 6–8 weeks, and healing 
occurred in an orderly manner. In our series, we have 
used calcium sulfate as biodegradable antimicrobial 
carriers with appropriate antibiotics and achieved 
good‑to‑excellent results in local orthopedic infections.

This method is low cost and easy to use, does not require 
much technique, and can be used in varied areas of 
orthopedic infections such as soft tissue, as well as bony 
infections, even with the presence of biofilm, implant, 
and necrotic bone. Beads can be made into desirable 
size, shapes, and quantity according to the infected 
areas/cavity.

To conclude, local antimicrobial agents are more effective 
in control of persistent orthopedic infections when used 
with selective biodegradable carriers.
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