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Abstract
Collagen fleece is a relatively new development. It represents another option in the battle against infection. It is a cheap,
biocompatible, and resorbable local antibiotic delivery mechanism with favorable drug release kinetics and low risk of adverse effects
or toxicity. Benefit may be conferredwhen used in contaminated cases. Significantly more research is still needed before the adoption
of collagen fleece as the standard of care. However, we can likely conclude that there are nomajor adverse effects and it can be safely
used as an adjunct in addition to conventional therapies for the prophylaxis and treatment of infections.
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History of local antimicrobial therapy

Infections have been a challenge to orthopaedic surgeons since
the beginning of the profession itself. In the 1970s, Patzakis[1]

along with Gustilo and Anderson[2] was the first to show the
utility of systemic antibiotics to decrease infection in open
fractures. Their work helped lead the development of modern-
day antibiotic guidelines. Although systemic antibiotics have
been a mainstay of treatment, very high doses are often needed to
reach an adequate concentration at the local site to be effective,
sometimes resulting in systemic toxicity.[3] Discussion around
local therapy has a long history. Local antimicrobial therapy has
been used since Lister’s time to treat surgical wounds.[4]

Antibiotic impregnated polymethylmethacrylate (PMMA) ce-
ment was first used to treat infections for revision total hip
arthroplasties.[5] It has then been expanded to aid the treatment
of chronic osteomyelitis and septic arthritis.[6] Prior to that, local
treatment was limited to drainage. Despite numerous advance-
ments over the past 100 years, infections in orthopaedic surgery
remain an unsolved problem.
Studies suggest that local application of antibiotics is a useful

adjunct to systemic antibiotics in treating implant-related
infections and osteomyelitis, particularly those that are chron-
ic.[3,7,8] The higher availability of antibiotics with local application
combats scarring and poor vascularity at the fracture site, and
better penetrates biofilms.[8–10] Antibiotic impregnated PMMA
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cement has been the mode in longest usage. Antibiotic cement can
provide structural support where there is bone loss, can bemolded
tofit into specific spaces, or formed intoa stringofbeads to increase
the surface area for antibiotic release.[3,6] However, despite the
versatility of antibiotic cement, studies have shown variable rates
of antibiotic release depending on the amount of antibiotics used,
surface porosity, and roughness of the specific cement.[11] The high
initial release followedby a prolonged release at amuch lower dose
over weeks to months, often below the minimum inhibitory
concentration[12] means that the antibiotic cement itself over time
maybecome a nidus of infection.[13,14]Moreover, a second surgery
is always required to remove the cement.
To tackle some of the drawbacks of antibiotic cement, various

bioabsorbable antibiotic delivery vehicles have been developed
for use in orthopaedics. These include bone graft substitutes such
as antibiotic-impregnated biodegradable ceramics made from
various combinations of hydroxyapatite and calcium phosphate
or sulfate,[15] and bioactive glass[15,16] with intrinsic antimicro-
bial properties. Other bioabsorbable delivery vehicles include
hydrogels,[17] as well as collagen matrices or fleece.[18]
Gentamicin impregnated collagen fleece

Collagen fleeces are a lyophilized collagen implant of either
bovine, equine, or porcine origin composed of mainly Type I
collagen.[19,20] They were initially used for hemostasis in
surgery[21,22] but were subsequently impregnated with gentami-
cin to treat surgical infections. Their ability to aid in hemostasis is
still marketed as one if its functions by manufacturers. The
benefits of collagen fleece include its low cost, biocompatibility,
and adjustable drug release characteristics. The stiff mouldable
foam characteristic of collagen fleece also makes it easy to handle,
allowing surgeons to cut, manipulate, and suture it as needed.
Cost

The cost of collagen fleeces is relatively cheap costing
approximately $75 for a 5x5 sheet or $200 for a 10x10 or
5x20 sheet in Canadian dollars which converts to $50 and $140
USD respectively. For most cases, up to three 10�10 sheets may
be used for a total cost of $420.[19] To bring this into perspective,
antibiotic-impregnated cement costs $650 USD for a 40g packet
containing 1g of antibiotics.[23] This dose, under 2g/40mg
packet is generally used for prophylaxis. For treatment of

mailto:edward.harvey@mcgill.ca
http://creativecommons.org/licenses/by-nc-nd/4.0
http://creativecommons.org/licenses/by-nc-nd/4.0
http://dx.doi.org/10.1097/OI9.0000000000000111


Ge and Harvey OTA International (2021) e111 www.otainternational.org
infection, a dose of over 2g/40mg is recommended. In that case, a
regular 40g packet of PMMA cement costs $65 USD[23] plus the
cost of approximately 4.8g of gentamicin powder[24,25] at $160
USD per gram, results in a total cost of over $1000 USD.
Biocompatibility and biodegradation

Collagen is biocompatible and is degraded by macrophage
phagocytosis as well as through enzymatic degradation by
extracellular proteases.[21,26] The rate of degradation can take
between 1 and 7weeks depending on local fluid dynamics, pH,
and vascularity.[20,26] Some also argue that collagen can attract
and stimulate osteoblasts and promote callus formation and
granulation tissue in both bone and wound healing.[12,27,28] The
effects of collagen fleece on wound healing has not been
thoroughly studied, but this characteristic may also play a
possible role in decreasing infection.[29]
Drug release kinematics

Gentamicin is uniformly incorporated into the fleece by
lyophilization, allowing for an equal dose of antibiotics per
centimeter square.[19] Each sponge contains approximately 130
to 200mg of gentamicin sulfate.[30,31] The structure of the
collagen fleece allows both rapid, intermediate, and long-term
release of antibiotics. The release kinetics can be altered by
changing pore size and porosity. Partial open porosity allows
immediate release of antibiotics, partially closed porosity allows
for a slower secondary release, whereas the antibiotics trapped
within the collagen’s fibrillar structure results in an even more
gradual tertiary release.[19] Although much research has been put
into extending antibiotic release from these collagen sponges, the
initial massive release in the first 24 to 48h is likely still the most
important for the treatment of infections.
The combination of hydrophilic gentamicin sulfate with

hydrophobic gentamicin crobefate also allows for further
optimization of release kinetics.[27,32] Gentamicin sulfate is water
soluble and gets released almost immediately after implantation,
with the majority of the antibiotics released within first hours or
days depending on the rate of collagen degradation.[30,32] This
rapid initial release of gentamicin sulfate allows high concen-
trations of gentamicin to accumulate in the local tissue rapidly to
levels as high as 700 to 9000mg/mL, well above the minimal
inhibitory concentration[12] for most organisms (4mg/mL for
sensitive organisms and 8mg/mL for low sensitive organ-
isms).[19,20,27] In animal models, this has been found to drop
to 10mg/mL from about day 2 through day 10, and by day 28 to
2.7mg/mL.[20] In humans, concentrations detected in wound
exudate were found to be below therapeutic after approximately
7days.[15] In comparison, beads made from antibiotic cement
containing 1g of gentamicin reached a peak concentration of
approximately 1000mg/mL, whereas spacers reached a peak of
21mg/mL.[33] Antibiotic concentration for both dropped rapidly
for the first 3days down to about 3.9mg/mL for beads and 1.9mg/
mL for spacers by day 13.[33] Moreover, only about 4% to 17%
of total antibiotics were released after 1week with a lower rate of
release for the remainder of the time, likely resulting in less
antibiotics released overall.[11] The addition of gentamicin
crobefate to collagen fleeces in addition to gentamicin sulfate
leads to a more gradual release of antibiotics over 10 to 12days,
allowing the local concentration of antibiotics to bemaintained at
100mg/mL, and providing a potential advantage over antibiotic
cement.[20,27,30,32]
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Other ways to increase controlled antibiotic release by altering
the physical characteristics of the fleece include; chemical
crosslinking to increase the tensile strength of the collagen,
making it more resistant to proteolysis[26]; or by manufacturing
matrices with a multilayer or compressed design to increase
diffusion restriction.[19] There is also work looking at or adding
gentamicin enriched biodegradable polylactic-co-glycolic acid
(PLGA) to achieve a constant release of antibiotics over 7 to 10
days.[19,30,34]

Adverse effects and toxicity

The therapeutic levels of gentamicin in the serum with
intravenous antibiotic administration is 4 to 10mg/mL. With
local antibiotic delivery using collagen fleece, very high local
antibiotic concentrations can be obtained without systemic
toxicity. When two to five 10�10 collagen fleeces containing
130mg of gentamicin each were used in humans, serum levels
peaked at 3.2 to 7.2mg/mL, 4.5 to 6h post-application.[31] These
levels further decreased after 24h to below 2mg/mL, well below
the toxic threshold of 10 to 12mg/mL for nephro- or
ototoxicity.[19,31] When up to 6 collagen sponges have been
used to treat infected hip arthroplasty, there have been reports of
persistently high serum gentamicin levels with an associated
decreased creatinine clearance in several patients, however,
baseline renal function was not reported.[35] Another study found
that that the increase in mean serum creatinine was significantly
higher when collagen fleece was added to the wound although
this was not clinically significant.[36]

Generally, the use of collagen in humans is considered safe and
most studies report no significant adverse effects or systemic
toxicity.[19] There have been rare reports of localized hypersensi-
tivity reactions to animal collagen presenting as erythema,
swelling, and pruritis,[26] as well as local wound complications
such as fistulas and exudate.[15] Some have reported increased
wound secretion for up to 6weeks as the collagen fleece
dissolves.[37] However, it is not clear what the implications of
this are on wound healing.[29] One study has shown that collagen
fleece buffered to a neutral pH may mitigate these wound
complications.[38]

Clinical studies

Prophylaxis

Collagen fleece has been studied extensively for the prevention
of wound infections after cardiac and general surgical
procedures. Studies have shown conflicting results. However,
a meta-analysis of randomized controlled trials from 1992 to
2012 looking at preventing surgical site infections in sternal
wounds, colorectal surgery, pilonidal sinuses, and perianal
abscesses among other types of surgical wounds, showed that
the use of these implants was associated with a significant
decrease in surgical site infections in clean and clean-
contaminated wounds.[28] They did not have enough contami-
nated wounds to draw a conclusion. Another study looking at
prophylaxis of surgical site infections in general surgery
procedures found a larger difference in contaminated cases
compared to clean or clean-contaminated cases; a 16%
incidence of infection with the use of collagen fleece compared
to 30% without. The sample size was however not large
enough to be statistically significant.[39] A more recent meta-
analysis showed 45% and 38% reduced risk of superficial
sternal and deep sternal wound infections respectively, as well
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as a 33% risk reduction of mediastinitis, with no difference in
mortality.[40] Friberg et al[41] was also able to show that
collagen fleece in addition to prophylactic intravenous anti-
biotics was cost effective to use in all patients undergoing
cardiac surgery.
In orthopaedics, collagen fleece has been used as prophylaxis

after amputations, open fractures, arthroplasty, and spine
surgery.[18] Application of collagen fleece to the wound after
forefoot amputation in diabetic patients resulted in more rapid
wound healing with a difference of 2weeks between the fleece
group and the control group.[42] Despite this, there was no
significant difference in the re-amputation rate. In a series of
patients undergoing lumbar discectomy, the rate of postoperative
spondylodiscitis diagnosed by laboratory studies and imaging
was 3.7% (19/508) in a group without antibiotic prophylaxis,
whereas there were no infections (0/1134) in the group that had
collagen fleece placed in the cleared disc space.[43] In arthroplasty,
a randomized controlled trial of 684 patients across five sites
looking at intravenous antibiotics after hemiarthroplasty versus
intravenous antibiotics plus the local application of two collagen
fleece was conducted. Results showed no significant difference
between the groups with an infection rate of 2.7% to 7.6%.[36] In
this study, baseline low rates of infection in arthroplasty in
addition to variations between the different centers likely obscure
any small differences that might exist. A large retrospective study
looking at collagen fleece application at wound closure as part of
a care bundle along with chlorhexidine prep and a single dose of
intravenous antibiotics showed a decrease in surgical site
infections compared to previous bundles without collagen fleece
application.[44] However, it is difficult to separate the contribu-
tion of the collagen fleece from other changes to the care bundle.
Unlike arthroplasty and lumbar discectomy, the baseline
infection rate of open fractures can be as high as 30%.[2,45]

Out of 35 patients with Gustilo IIIA open fractures treated with
open reduction internal fixation (ORIF) and local collagen fleece
application in addition to 3 to 5days of systemic antibiotics, 4
(9.67%) had local wound complications, 2 (6.45%) had a deep
infection requiring repeat debridement and collagen fleece
application.[32] This study did not have a control however and
is thus difficult to interpret.
In summary, it appears that the use of gentamicin impregnated

collagen fleece does convey some advantages in addition to
systemic antibiotics for the prophylaxis of infections, however,
the evidence is far from conclusive. In cardiac surgery, a meta-
analysis of randomized controlled trials shows that collagen
fleece was found to significantly decrease surgical site infections
in clean and clean-contaminated cases. In orthopaedics, fewer
studies have been done. Studies seem to show favorable or at least
non-inferior results compared to conventional treatment alone,
particularly in cases in which no metal is implanted.
Table 1

Types of gentamicin impregnated collagen fleece and their
composition.

Name Collagen origin Gentamicin composition

Collatamp G (US), Garacol
(Netherlands), Garamycin
(Switzerland), Sulmycin (Austria),
Gentacoll (Germany), Syntacoll
(Germany)

Equine or bovine 2.0 mg gentamicin sulfate

Septocoll (Germany, UK) Equine 1.5 mg gentamicin sulfate
4.4 mg gentamicin crobefate

Jason G (Germany) Porcine 1.7 mg gentamicin sulfate
Treatment of infection

There have been many early case series, mostly out of Germany,
looking at the use of collagen fleeces to treat acute and chronic
osteomyelitis in orthopaedic surgery. These showed effectiveness
and good safety profile.[15,18] However, well-powered prospec-
tive comparative studies have been lacking. The most recent
cohort study of a group of 50 patients with osteomyelitis treated
with surgical resection, intravenous antibiotics (which was
converted to oral antibiotics on discharge), and collagen fleece
application over a 7-year period found that when compared to a
historical cohort treated with surgical resection and 6weeks of
3

intravenous and 6weeks of oral antibiotics, the collagen fleece
group had a lower probability of recurrence.[46] A systematic
review of clinical studies using collagen fleece to treat chronic
osteomyelitis showed an overall success rate of 91% in 10
included studies with a total of 413 patients[15] The studies
looking at gentamicin sulfate sponges had a success rate of 63%
to 100% with the use of anywhere between 1 and 7 sponges.
Studies had different treatment protocols, not all studies reported
whether systemic antibiotics were used, and all had poor
reporting of complications or treatment failures. Only 1 study
looked at sponges also containing gentamicin crobefate. This
showed a success rate of 93.5% for infection eradication.
However, follow-up only went up to 6weeks with only 93 of the
123 patients completing the study. The included studies were
highly heterogeneous with only two higher level randomized
control trials, so conclusions remain difficult to draw. When
comparing collagen fleece with PMMA, studies showed no
difference in the eradication of infection, although as expected the
PMMA group had a higher rate of re-operation.[47,48] Outside of
orthopaedics, a study looking at the treatment of osteomyelitis in
cranio-maxillo-facial surgery found that local collagen sponge
application resulted in shorter length of stay as well as fewer local
wound complications independent of whether systemic anti-
biotics were used.[12] There has also been a retrospective study
looking at the use of collagen fleece and PMMA to treat
periprosthetic total knee and total hip infections with prosthesis
retention, however, some patients received only PMMA or only
collagen fleece, whereas others received both. The authors also
did not differentiate between the two in their analysis.[37]

In summary, gentamicin impregnated collagen fleece appears to
confer some benefit to the treatment of osteomyelitis however, there
have been no high-powered studies accomplished to make any
conclusive recommendations. Direct comparisons to the current
standard of care, antibiotic PMMA beads, show no difference in
infectioneradicationbutbenefits include lower re-operation rateand
cost. Prospective randomized controlled trials are needed.
4 Current use in orthopaedics

Commercially available products

There are currently a number of collagen fleeces commercially
available and are marketed under different names. These include
collagen of equine, porcine, or bovine origin combined with
either gentamicin sulfate or a mix of gentamicin sulfate and
crobefate[15,19,38] (See Table 1). Studies comparing these various
brand names and formulations have shown no significant
differences.[29] Collatamp G is the only 1 currently available in
North America.

http://www.otainternational.org


Ge and Harvey OTA International (2021) e111 www.otainternational.org
Use by surgeons

Surveys of the use of local antimicrobials to prevent surgical site
infection found that 55% of all surgeons questioned do not use
any local antimicrobials.[49] However, out of those that do,
collagen fleece was the most commonly used. Only 4 (12%)
respondents worked in orthopaedic surgery in this survey so it
may not be reflective of the orthopaedic practice. This survey
concluded that there was no agreement regarding the usefulness
of local antimicrobials, particularly among surgeons. In
orthopaedic surgery, collagen fleece seems to be the most well
studied for use in the treatment of osteomyelitis although there
has been work in its use for prophylaxis, particularly in open
fractures. In a survey of international orthopaedic trauma
surgeons from 112 different countries regarding preventing
fracture-related infections, the most used local antimicrobial
agent for Gustilo Type III fractures was antibiotic cement beads
(33% of respondents) or antimicrobial wound dressings (30% of
respondents). When asked whether and when they used
antibiotic-impregnated collagen fleece/sponge, 12% of respond-
ents said they use it in Gustilo Type IIIA fractures, 14% for
Gustilo Type IIIB fractures, and 16% in Gustilo Type IIIC
fractures.[50] This was similar to those that said they would use
antibiotic powder. From this survey, it seems that the higher the
risk for infection, the more likely surgeons will use collagen fleece.
Conclusions

Collagen fleece is a cheap, biocompatible, and resorbable local
antibiotic delivery tool with favorable drug release kinetics and
low risk of adverse effects or toxicity. Currently, published
studies are heterogeneous and inconsistent with regards to the
efficacy of collagen fleece for either the prophylaxis or treatment
of infection within orthopaedics. This is clearly reflected in the
practice of orthopaedic surgeons. There does seem to be non-
inferiority demonstrated in most studies. Additionally, more
benefit may be conferred in more contaminated cases. Signifi-
cantly more research is still needed before the adoption of
collagen fleece as the standard of care. However, we can likely
conclude that there are no major adverse effects and it can be
safely used as an adjunct in addition to conventional therapies for
the prophylaxis and treatment of infections.
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