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Antibiotic-Loaded Collagen Sponges in Clinical
Treatment of Chronic Osteomyelitis

A Systematic Review

T.A.G. van Vugt, MD, J.M.B. Walraven, MD, J.A.P. Geurts, MD, PhD, and J.J.C. Arts, MSc, PhD

Investigation performed at the Department of Orthopaedic Surgery, Maastricht University Medical Centre (MUMC1), Maastricht, the Netherlands

Background: Chronic osteomyelitis is caused by bacterial infection of the bone and is a major problem in orthopaedic
surgery. Treatment of chronic osteomyelitis requires surgical debridement accompanied by local and systemic admin-
istration of antibiotics. A widely established biodegradable local antibiotic carrier is antibiotic-loaded collagen sponges
(fleeces). These sponges are commonly used in the treatment of chronic osteomyelitis, but a systematic review of their
clinical efficacy and assessment of the quality of evidence have not been conducted, to our knowledge.

Methods: This systematic review, performed according to the PRISMA statement, examined the clinical efficacy of and
quality of evidence regarding different antibiotic-loaded collagen sponges in the clinical treatment of chronic osteomye-
litis. Clinical efficacy was defined as eradication of infection with bone and wound-healing. In addition, the in vivo phar-
macokinetics of the various collagen sponges were evaluated. Quality was based on the Level of Evidence,
methodological quality, and risks of bias.

Results: A total of 813 articles were screened, and 10 were included. Gentamicin-sulfate sponges and gentamicin-
sulfate/gentamicin-crobefate sponges were studied. A total of 413 patients were treated, with a success rate of 91%.
Reported complications were fistulas, prolonged wound drainage, and wound-healing problems. In vivo pharmacokinetic
profiles showed an average local antibiotic concentration that was above the minimum inhibitory concentration for only 5
days. The general quality of the included studies was low to moderate, and there was a moderate to high risk of bias.

Conclusions: The evidence quality and Level of Evidence of the included studies were low, and the risk of bias in these
studies was high. This makes the evidence regarding these sponges inconclusive, and no clinical decision-making can be
based on these studies. Utilization of antibiotic-loaded collagen sponges in the treatment of chronic osteomyelitis should
only be carried out with caution; studies with high-level evidence are needed.

Level of Evidence: Therapeutic Level IV. See Instructions for Authors for a complete description of levels of evidence.

C
hronic osteomyelitis is a major problem in orthopaedic
surgery1. Most infections occur after surgery involving
trauma or an orthopaedic implant, but they can also

result from hematogenous spread of bacteria. Incidence rates
are rising because of the aging population, leading to an in-
crease in (implant-related) surgery. These incidence rates vary
from 0.5% to 2% in primary hip and knee arthroplasty2,3 up to
50% in surgery for an open fracture4.

Treatment of chronic osteomyelitis requires surgical
debridement accompanied by local and/or systemic admin-
istration of antibiotics5,6. It is commonly performed using

antibiotic-loaded polymethylmethacrylate (PMMA) beads. A
major drawback of PMMA beads is the need for a second
surgery to remove them and perform a bone reconstruction7.
In addition, they could become a local substrate for bacterial
colonization and biofilm formation8,9. Treatment of chronic
osteomyelitis in a 1-stage procedure is preferable, as it lowers
the patient burden, shortens hospitalization, and likely lowers
health-care costs.

In order to perform 1-stage surgery, a biodegradable
antibacterial biomaterial is necessary, and factors such as the
degradation properties of the biomaterial, its antibiotic release

Disclosure: No funding was received for this research. On the Disclosure of Potential Conflicts of Interest forms, which are provided with the online
version of the article, one or more of the authors checked “yes” to indicate that the author had a relevant financial relationship in the biomedical arena
outside the submitted work and “yes” to indicate that the author had a patent and/or copyright, planned, pending, or issued, broadly relevant to this work
(http://links.lww.com/JBJS/E939).
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(bulk, sustained, or combined), and the tissue penetration of
the antibiotic are important in achieving proper local con-
centrations of the antibiotic10. These concentrations must
exceed the minimum inhibitory concentration (MIC) for the
causative pathogens in order to eradicate the infection11. There
are numerous biomaterials that are potentially suitable for 1-
stage treatment of chronic osteomyelitis. These biomaterials
are often based on natural or synthetic polymers, or on ceramic
materials7,12. A widely used biodegradable natural polymer is
collagen. This collagen may be of bovine or equine origin, is
generally harvested from skin tissue, consists of collagen type I,
and is processed into antibiotic-loaded sponges (fleeces)13,14.
Possible benefits of collagen sponges are biodegradation, high
rates of antibiotic release, manageability of use, and low cost15,16.
Degradation of collagen sponges should take place within 2 to 8
weeks, depending on local vascularization17. Host macrophages
facilitate degradation of the collagen sponge by proteolytic
activation18. After implantation, antibiotic release is based
mainly on diffusion, although sustained release occurs due to
degradation of the collagen matrix by macrophages as well14.

Over the years, manufacturers of collagen sponges have
developed a variety of sponges that are commonly applied
in osteomyelitis treatment. However, to our knowledge, the

clinical efficacy of these sponges in the treatment of chronic
osteomyelitis, and the accompanying quality of the evidence,
have never been evaluated, and a proper literature overview of
their applicability is lacking. The purpose of this systematic
review was to determine the clinical efficacy of antibiotic-loaded
collagen sponges in the treatment of patients with chronic
osteomyelitis as well as assess the methodological quality and
Level of Evidence of the studies.

Materials and Methods
Eligibility Criteria and Search

This systematic review is presented in accordance with the
PRISMA (Preferred Reporting Items for Meta-Analyses

and Systematic Reviews) Statement19,20.
Several eligibility criteria were applied in the present

study. Only case series, observational studies, and randomized
controlled trials (RCTs) regarding the clinical application of
antibiotic-loaded collagen sponges in the treatment of chronic
osteomyelitis were eligible for inclusion. Articles written in a
language other than English or German were excluded. Studies
involving patients with osteomyelitis due to any causative
mechanism except diabetic ulcer treatment were eligible for
inclusion. Patient selection was not further restricted on the

Fig. 1

Flowchart outlining theselectionprocessof eligiblemanuscripts fromdifferent sources.A substantial numberof studieswereexcluded from this systematic

review because of the rigid eligibility criteria that were applied.
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basis of sex, age, or other patient characteristics. The primary
outcome of interest was eradication of infection, but studies
that reported on secondary outcomes of biodegradability, in-
fluence on bone regeneration, and complication rates (wound-
healing problems, prolonged wound drainage, etc.) were also
eligible for inclusion.

Online electronic databases were used to identify eligible
studies. The exact search terms and the search strategies for these
databases are shown in the Appendix. In addition, the reference
lists of included articles were scanned. Finally, studies were
identified by consultation with the manufacturers of collagen
sponges. The last search was performed on October 15, 2017.

Data Collection and Analysis
All identified studies were screened on the basis of the title and
abstract by the main author and 1 other author (T.A.G.v.V. and
J.M.B.W.). One author extracted the data from the selected
studies into a file. Extracted data were verified by 2 other
authors working independently (J.M.B.W. and J.J.C.A.). The
Level of Evidence was determined according to the methods of
the Oxford Centre for Evidence-Based Medicine21,22. Bias was
assessed on the basis of the Cochrane Collaboration’s tool for
assessing risk of bias23, which was customized so that it was
suitable for assessing bias in all study designs rather than

only RCTs. Bias was assessed using standardized criteria (see
Appendix). The Level of Evidence and bias were independently
assessed by 3 authors (T.A.G.v.V., J.M.B.W., and J.J.C.A.) and
subsequently discussed to reach a consensus.

Results
Included Studies

Atotal of 813 articles were identified by various methods,
and 10 studies18,24-32 were included after screening on the

basis of the title and abstract (Fig. 1). The remaining articles
were excluded for a variety of reasons such as use of collagen
sponges in applications other than treatment of osteomyelitis/
osteitis, study designs of the wrong type, and studies that were
preclinical in nature or were performed in animals.

The 10 selected studies varied in study design, article
type, and outcome measurements, and involved 2 different
antibiotic-loaded sponges (Table I). Gentamicin-sulfate/
gentamicin-crobefate sponge was investigated in 1 RCT25,
whereas gentamicin-sulfate sponge was investigated in the re-
maining 9 studies18,24,26-32, which included 1 RCT31, 6 case
series18,24,26,28-30, 1 cohort study32, and 1 retrospective outcome
study27 (Table II).

Study characteristics and outcomes are listed in Tables III
and IV. Two important outcome measurements were reported

TABLE I Commercially Available Antibiotic-Loaded Collagen Sponges and Their Properties

Brand Name Antibiotics Concentration (mg per 1 · 1 · 0.5 cm) Collagen; Origin References

Septocoll* Gentamicin-sulfate/
gentamicin-crobefate

1.2 mg gentamicin, 1.5 mg sulfate,
4.4 mg crobefate

Type I; equine 25

Sulmycin† Gentamicin-sulfate 1.43 mg gentamicin, 2.0 mg sulfate Type I; equine or bovine 18, 24, 26-32

*Also referred to in the literature as EMD 53155. †Also referred to in the literature as Collatamp, Collatamp EG, Collatamp, Cronocol, Duracoll
Implant, Garacol, Garacoll, Garacoll Implant, Garamycin Pads, Garamycin, Garamycin Schwamm, Gentacoll, Gentacoll Implant, Gentalyn,
Gentimplant, Sulmycin Implant E Schwamm, and Sulmycin Implant Schwamm.

TABLE II Study Design, Methods, and Risk of Bias of the Included Studies

Product Study Study Design Level of Evidence* Grade of Recommendation*

Septocoll Buehler et al. 200225 Randomized controlled trial IIb C

Sulmycin Ascherl et al. 199024 Case series report I C

Dieckmann et al. 200827 Retrospective outcome study IIIb

Feil et al. 199028 Case series report IV

von Hasselbach 198926 Case series report IV

Ipsen et al. 199129 Case series report IIIb

Kwasny et al. 199430 Case series report IV

Letsch et al. 199331 Randomized controlled trial IIb

Leung et al. 201532 Cohort study IIb

Wernet et al. 199218 Case series report IV

*According to the Levels of Evidence of the Oxford Centre for Evidence-Based Medicine21,22. GradeC= conflicting or poor-quality evidence (Level-IV
or V studies) not allowing a recommendation for or against intervention.
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in most or all of the studies. Success of treatment was a primary
outcome in all studies and was defined as absence of infection
at the end of follow-up. The pharmacokinetics of the antibiotic

release were a secondary outcome in 7 studies and were mea-
sured by analyzing gentamicin concentrations in wound exu-
date, blood, and urine. Sponge degradation was assessed in

TABLE III Characteristics of the Included Studies* �

Study Indication Treatment Algorithm
Patients
(I/C)

Sex
(M/F)

Buehler et al. 200225 COM Debridement, intramedullary implantation 62/61 96/27

Ascherl et al. 199024 OM, PJI Debridement, intramedullary/intra-articular implantation 27/NA NR

Dieckmann et al. 200827 COM, AOM Debridement, intramedullary implantation 36/NA NR

Feil et al. 199028 COM, AOM, PJI Debridement, intramedullary/intra-articular implantation 64/NA 38/26

von Hasselbach 198926 OM, PJI Debridement, intramedullary/intra-articular implantation 58/NA NR

Ipsen et al. 199129 COM Debridement, intramedullary implantation 10/NA 5/5

Kwasny et al. 199430 COM, osteitis Debridement, intramedullary implantation 49/NA NR

Letsch et al. 199331 COM Debridement, intramedullary implantation 10/10 13/7

Leung et al. 201532 COM Debridement, intramedullary implantation 50/NA 35/15

Wernet et al. 199218 COM Debridement, intramedullary implantation 47/NA NR

*I = intervention group, C = control group, COM = chronic osteomyelitis, NR = not reported, OM = osteomyelitis, PJI = periprosthetic joint infection,
NA = not applicable, NS = not specified, AOM = acute osteomyelitis, and IV = intravenous.

TABLE IV Outcomes of Included Studies* �

Study Eradication Rates Pharmacokinetics†
Sponge

Degradation Culture Results‡

Buehler et al. 200225 I: 93.5%, C: 88.5% None NR S. aureus 51%, CNS 18%,
negative 0%, other 31%

Ascherl et al. 199024 63% >MIC for 5 days, max. serum 3.5
mg/L, max. urine NR

Max. 10 wk S. aureus 51%, CNS 8%,
negative 19%, other 22%

Dieckmann et al. 200827 I: 83.3%; C: 85% None NR S. aureus, CNS (NS per
group)

Feil et al. 199028 91.5% >MIC for ±;3 days, max. serum NR,
max. urine NR

NR S. aureus (76.5%), CNS,
Pseudomonas (other NS)

von Hasselbach 198926 93.1% >MIC for >5 days, max. serum NR,
max. urine NR

NR Mainly S. aureus and CNS
(percentages NS)

Ipsen et al. 199129 100% >MIC for ;7 days, max. serum 4
mg/L, max. urine ±50 mg/L

NR S. aureus 70%, CNS 10%,
E. coli 10%, negative 10%

Kwasny et al. 199430 95% >MIC for >4 days, max. serum ;0.7
mg/L, max. urine NR

NR NR

Letsch et al. 199331 I: 80%, C: 90% I: >MIC for >3 days, max. serum 1 mg/
L, max. urine 20 mg/L; C: >MIC for >3
days, max. serum too low to measure,
max. urine too low to measure

NR S. aureus 60%, CNS 15%,
negative 25% (NS per group)

Leung et al. 201532 88% None NR S. aureus 32%, CNS 22%,
negative 16%, others 30%

Wernet et al. 199218 83% >MIC for ;5 days, max. serum 0.7
mg/L, max. urine NR

NR Mentioned (NS)

*I = intervention group, C = control group, NR = not reported, CNS = coagulase-negative staphylococci, NS= not specified, MIC=minimal inhibitory
concentration, S. = Staphylococcus, and E. = Escherichia. †The MIC is defined as >4mg/L (equal to 4mg/mL). For serum and urine, themaximum
measured concentrations are shown. Figure2 showsadditional pharmacokinetic results for gentamicin concentrations in exudate.‡Overview of the
most important pathogens and locations; most studies reported these results in greater detail.
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1 study, and none of the studies assessed effects on bone
regeneration. None of the studies reported disease character-
istics such as severity or the Cierny-Mader classification.

The follow-up duration in the included studies varied
between 6 weeks and 7.1 years. The study by Buehler et al. had a

follow-up of 6 weeks because they studied the risk of early
reinfection25. The other studies had a mean follow-up of 1 to 7.1
years because the authors weremore interested in themedium to
long-term rate of infection eradication18,24,26-32. Pharmacokinetics
were also studied in the first 5 to 7 days after surgery.

TABLE III (continued)

Mean Age (yr)
Mean Follow-up

(mo) No. of Sponges Systemic Antibiotics Applied
Allograft Combined

with Sponge

39.92/42.23 1.5 NR No In all cases

NR 48 1-2 (NS per patient) Yes (NS) If needed

8.8 (range, 0.8-15) 85.2 NR Yes (varied between cases) If needed

70% >50 yr 12 1-4 (NS per patient) NR If needed

NR 13.7 1-7 (NS per patient) NR If needed

51.8 12 1-5 (NS per patient) Yes (5 days IV, 7 wk oral) NR

NR 20 NR NR If needed

31.6/48.9 16.2 1-5/1-5 (NS per patient) Yes (NS) If needed

40.9 38.4 NR Yes (2 wk IV, 4 wk oral) NR

NR NR NR NR If needed

TABLE IV (continued)

Location‡ Failures Local Complications Other Adverse Events

Femur, tibia (NS by group) NR Fistulas, soft-tissue infections,
infection of implant

Duodenal ulcer

NR 10 failures, further
treatment NS

Fistulas, extensive exudate,
wound-healing problems

None

Femur, tibia, humerus, pelvis (NS
per group)

6 failures (NS per group) None Leg-length discrepancy,
femoral head deformation, gait
changes (all in children)

Lower limb 36%, upper limb 31%,
others 33%

5 failures, 5 reoperations,
of which 4 failed

NR 1 death (coronary infarction)

Hip, lower limb, upper limb
(percentages NS)

4 failures, 4 reoperations NR NR

Femur 60%, tibia 20%, calcaneus
10%, metatarsal 10%

0 failures NR NR

NR 4 failures (NS) NR NR

Upper leg, I: 20%, C: 50%. Lower
leg, I: 80%, C: 40%. Upper arm, I:
0%, C: 10%

I: 2 failures, 2 reoperations,
1 of which failed; C:
1 failure, 1 reoperation, 10
removal surgeries

3 fistulas (I: 2, C: 1),
1 amputation (I: 1)

None

Femur 38%, tibia 36%, others 26% 6 failures, 5 reoperations
and 1 conservative

NR NR

NR 8 failures, 8 reoperations, 3
of which failed

None NR
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Quality and Bias
Even though antibiotic-loaded sponges have been in use for
>25 years, to our knowledge only 2 comparative studies (i.e.,
low-quality RCTs) and 1 good-quality cohort study have been
performed (Table II). The other studies were low-quality
cohort studies or case series, which are all ranked as low-quality
evidence. Because of these low levels of evidence, the grade of
recommendation for use of these products is also low.

Assessing the overall risk of bias across the studies was
not possible because of a lack of heterogeneity resulting from
extreme variations in clinical indications, study designs, out-
come measurements, and treatment protocols. A critical ap-
praisal reveals several major risks of bias, and a moderate to
high overall risk of bias (Table V). The major risks of bias
involve study designs, unclear study protocols, and por de-
scription of the inclusion and exclusion criteria, which intro-
duce possible selection bias and detection bias. Although
outcomes were generally defined clearly, outcome measures
were generally not mentioned or not well described. In addi-
tion, the majority of studies did not involve any type of control
group and the associated statistical analysis. Detailed infor-
mation about the risks of bias is given in the Appendix.

Results for Gentamicin-Sulfate Sponges
Gentamicin-sulfate sponges were investigated in 9 studies in
which a total of 351 patients were treated. Success rates in the
studies varied from 63% to 100%, with a mean of 91%. The
number of implanted sponges per patient was reported in 5
studies but none gave further details or analyzed the relation-
ship between the number of sponges and outcomes (Table III).
In addition, the use of pathogen-specific adjuvant antibiotic
therapy based on culture results was mentioned in 5 studies,
but only 2 studies provided further details. Letsch et al. per-
formed an RCT in which they compared gentamicin-loaded
Sulmycin implants (Schering-Plough) with gentamicin-loaded
PMMA beads (Septopal; Zimmer Biomet) in a small study
population31. They reported success rates of 80% in the Sul-
mycin group and 90% in the PMMA group, which were not

significantly different. Dieckmann et al. performed a retro-
spective outcome study regarding osteomyelitis in children in
which the success rate was 83% for gentamicin sponges and
85% for gentamicin-loaded PMMA beads27. The authors used
the PMMA beads in cases with large bone defects necessitating
bone grafting, because use of the sponges might not permit
regeneration of large bone defects. Although they used different
treatment strategies based on disease severity or classification,
this severity or classification was not reported. The other
included studies reported comparable eradication rates for the
gentamicin-sulfate implant that were comparable to those in
the abovementioned studies; only Ascherl et al. reported a
lower success rate, of 63%24. In addition to the low success
rates, that study reported numerous complications such as
persisting fistulas, prolonged wound exudation, and wound-
healing problems, all related to failure of treatment with the
collagen sponges. Two other studies reported persisting fistu-
las24,31 and 1 study reported an amputation, also all related to
treatment failure31. Good reporting of complications or
explanation of treatment failures was lacking in most studies.

The in vivo pharmacokinetics of antibiotic-loaded col-
lagen sponges were reported in 7 studies18,24,26,28-31. All data on
exudate concentrations were pooled (by estimation, because
of the absence of raw data) and are plotted in Figure 2. Figure
2-A shows that the concentration of gentamicin released by
the sponges was remarkably comparable across the studies.
Ascherl et al. reported relatively low concentrations compared
with the other 6 studies, which might be an explanation for
their lower eradication rates. Figure 2-B shows that most
sponges released the highest concentrations in the first hours
after surgery, and the release concentrations dropped by up to
75% to 90% within the first 24 to 48 hours after surgery28-30.
The most striking result to emerge from Figure 2-B is that
wound exudate concentrations dropped below therapeutic
concentrations after a maximum of 7 days. Letsch et al.
compared pharmacokinetics in wound exudate, serum, and
urine between the sponge and gentamicin-loaded PMMA
bead groups. The exudate concentration for the bead group

TABLE V Risk of Bias in the Included Studies

Study Population Intervention Allocation Confounding Blinding
Outcome

Assessment Follow-up
Outcome
Reporting Protocol

Other
Sources
of Bias Total*

Buehler et al. 200225 ± ± 1 1 1 1 2 1 1 ± 15

Ascherl et al. 199024 2 ± 2 2 2 ± ± 2 2 ± 4

Dieckmann et al. 200827 ± ± 2 ± 2 1 1 ± ± ± 10

Feil et al. 199028 ± 1 2 ± 2 ± ± 2 ± ± 8

von Hasselbach 198926 ± ± 2 ± 2 2 ± ± ± 2 6

Ipsen et al. 199129 1 1 2 ± 2 ± ± 2 1 ± 10

Kwasny et al. 199430 2 2 2 ± 2 ± 1 1 ± ± 8

Letsch et al. 199331 1 1 1 ± 2 1 1 ± ± 2 13

Leung et al. 201532 ± ± 2 ± 2 1 1 ± ± ± 10

Wernet et al. 199218 ± ± 2 ± 2 ± 2 1 ± ± 8

*0-10 = high risk of bias, 11-15 = moderate risk, and 16-20 = low risk.
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remained stable at 100 mg/L during the first 3 days, whereas
the concentration for the sponge group decreased from 1,500
to 200 mg/L31. Other studies reported concentrations of
released gentamicin in wound exudate that ranged from 170
to 6,000 mg/L after 24 hours and decreased to 20 mg/L after 3
days and <5 mg/L after 5 days (Fig. 2). The mean serum
gentamicin concentrations remained <1 mg/L in all studies.
Only Ipsen et al. and Ascherl et al. mentioned 2 cases with a
serum concentration of approximately 4 mg/L 6 to 12 hours
after surgery; these concentrations decayed within the fol-
lowing 6 to 12 hours to <1 mg/L24,29. Extremely high con-
centrations (>5,000 mg/L) of gentamicin in exudate during
the first hours to days were reported in cases with minimal
exudate production, whereas most patients had normal exu-
date production and consequently a lower antibiotic con-
centration in the exudate. The relation between the number of
implanted sponges and the gentamicin concentrations in
serum and exudate was analyzed but did not show any cor-
relation18,24,26,28,29,31. In all studies in which the pharmacoki-
netics of gentamicin-sulfate sponges were evaluated, no signs
of toxicity were observed.

Results for Gentamicin-Sulfate/Gentamicin-Crobefate Sponges
The study regarding the clinical efficacy of gentamicin-sulfate/
gentamicin-crobefate collagen sponges was a multicenter RCT25.
The treatment group that received debridement and Septocoll
(Zimmer Biomet) combined with autologous bone graft im-
plantation had a 93.5% success rate, compared with 88.5% in the
control group that received debridement and antibiotic-free
autologous bone graft implantation. Neither group received
adjuvant systemic antibiotics. In addition to the recurrence of
osteomyelitis in the patients with unsuccessful treatment, the
authors reported 4 cases of soft-tissue infection, 2 fistulas, and
1 infected sponge in the treatment group and 6 soft-tissue
infections in the control group. The follow-up was 6 weeks, and
study enrollment was prematurely terminated because of the
inability to include enough patients. Only 93 of the 123 included
patients finished the study; the high loss to follow-up was not
explained. In vivo pharmacokinetics were not reported.

Discussion

Based on this review, the clinical evidence regarding the use
of antibiotic-loaded collagen sponges in the treatment of

osteomyelitis is limited: the quality of studies was low to
moderate (mainly Level of Evidence IIIb or IV) and the risk of
bias was moderate to high.

The eradication rates in the included studies suggest that the
sponges show non-inferiority in comparison with PMMA beads.
However, taken together with factors such as a short antibiotic
release period and reports of wound-healing complications, the
added value of these sponges is not indisputable either.

The treatment regimen in all studies involving the gen-
tamicin sulfate-loaded sponges included implantation after
radical debridement followed by adjuvant systemic administra-
tion of antibiotics, whereas the treatment regimen involving the
gentamicin-sulfate/gentamicin-crobefate implant lacked adju-
vant antibiotic therapy. Nevertheless, the outcomes for both
sponges were comparable, with an overall success rate of 91%.
The success rates were also comparable to those reported for
treatment with antibiotic-loaded PMMA beads in the literature,
which vary from 60% up to 100%33-36. In addition, beneficial
effects of sponges compared with PMMA beads were not proven
in the only comparative study performed31. There is 1 other
study involving comparison of antibiotic-loaded sponges and
PMMA beads that yielded promising results, but that study was
never published in full37.

The in vivo pharmacokinetics of gentamicin-sulfate release
were described in several studies; these showed a fast release, seen
in high peak concentrations of gentamicin in wound exudate
in the first 24 to 48 hours postoperatively (Fig. 2). In the case
of gentamicin-sulfate/gentamicin-crobefate sponges, previous
pharmacokinetic studies described the concentrations in exudate
dropping below the MIC value on postoperative day 238 or 539.
Ruszczak and Friess reviewed the pharmacokinetic pattern of
gentamicin release from a comparable implant in vivo in a study
of over 1,500 patients with soft-tissue-related and bone-related
infections14. In accordance with the results of the studies included
in the present analysis, gentamicin reached high concentrations

Fig. 2

Gentamicin concentration (on a logarithmic scale) in wound exudate

measured over time as reported in the included studies. Values were

obtained from the included studies by rough estimation because raw data

were not available. Fig. 2-A Decrease in gentamicin-sulfate concentration

in each of the included studies. Fig. 2-B Pooled plot of all approximate

(estimated) concentrations over the first 7 days after surgery. The non-

linear regression curve (line) suggests that the gentamicin concentration

drops below the therapeutic concentration after a maximum of 7 days for

highly sensitive pathogens and 3 days for resistant pathogens.
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within 24 hours after surgery. These concentrations vastly exceed
the MIC values of high-sensitive, low-sensitive, and highly resis-
tant bacteria14,17,40. None of the studies reported gentamicin-related
toxicity. Toxic side effects could occur when serum gentamicin
concentrations peak above 10 to 12mg/mL in the first 24 hours or
plateau above 2 mg/mL >48 hours after surgery14. Although no
toxicity was reported, it is theoretically possible that some of the
fistulas reported in the studies included in the present analysis
were actually caused by local cellular toxicity due to the extremely
high local antibiotic concentrations within the first hours after
implantation, rather than by persisting infection as was assumed
in the studies.

Compared with PMMAbeads, collagen sponges have some
disadvantages regarding pharmacokinetics. Collagen sponges
release 95% of their complete gentamicin load in the first hours41.
Although Gruessner et al. reported that the concentration
released from gentamicin-sulfate/gentamicin-crobefate sponges
exceeded MIC values until 10 to 12 days postoperatively39, data
from the studies included in the present analysis suggest that
most sponges only release sufficient amounts of antibiotics for 5
to 7 days (Fig. 2), whereas PMMA beads release concentrations
that remain above theMIC for at least 14 days42,43. Thismakes the
antibiotic release period of these sponges relatively short for
osteomyelitis treatment compared with PMMA beads. However,
in comparison to sponges, the secondary removal surgery re-
mains a disadvantage of PMMA beads.

Antibiotic-loaded collagen sponges have proven to be
effective in applications other than osteomyelitis treatment: pre-
vention of postoperative wound infection after colorectal sur-
gery44,45, prevention of sternal wound infections after cardiac
surgery15,46, and treatment of a chronic pilonidal sinus47. In
orthopaedics, they have been studied for infection prophylaxis after
amputation surgery48,49, spinal surgery50, surgery for a shoulder
infection51, and management of open fractures52, all with varying
results. This emphasizes that the usefulness of these antibiotic-
loaded collagen sponges in orthopaedic surgery is limited.

To our knowledge, this is the first study reviewing
the quality and outcomes of studies on the application of
antibiotic-loaded collagen sponges for treatment of chronic
osteomyelitis. A strength of this study is its overview of local
concentrations of released antibiotics, using pooled data from
the included studies. The most important limitation is the poor
overall quality of the included studies, which reduces internal
validity. This is particularly true with respect to the indications
for the use of these sponges, as not all authors mentioned the
type of osteomyelitis (acute or chronic) and patients with
periprosthetic joint infections were sometimes included. This
is of importance because the treatment of these 3 types of
orthopaedic infections differs. In addition, the relatively small
sample sizes in the studies, unclear designs, and incomplete

reporting of the outcome data or of how the outcomes were
assessed introduce reporting and detection bias. Thus, pooling
of the data in Figure 2 was based on a rough estimation, which
might introduce reporting bias. With respect to external
validity, incomplete reporting of patient population charac-
teristics may hamper the interpretation and generalizability of
the results of the studies.

A systematic review of other biodegradable antibiotic-
loaded bone-graft substitutes revealed antibacterial effects that
resembled those of antibiotic-loaded sponges, in terms of
clinical efficacy, and the quality of those studies was compa-
rable as well53. Recent studies might suggest a lower rate of local
complications with these other biomaterials compared with
antibiotic-loaded sponges, but success rates remain compara-
ble54,55. However, a good comparison of these materials would
require large prospective clinical trials.

In conclusion, this systematic review did not reveal
compelling evidence for the clinical efficacy of antibiotic-loaded
collagen sponges in the treatment of chronic osteomyelitis. In
addition, this review highlights the absence of high-quality evi-
dence, which hampers good evidence-based decision-making.
Given this current knowledge, these antibiotic-loaded collagen
sponges should only be applied with care and consideration in
clinical practice.High-quality (comparative) studies are a necessary
next step for future research to obtain more definitive evidence.

Appendix
Tables describing the search strategy, the general criteria
for assessing the risk of bias, and the risk-of-bias assess-

ments for the individual studies are available with the online
version of this article as a data supplement at jbjs.org (http://
links.lww.com/JBJS/E940). n
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