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ABSTRACT

Objective: The usage of antibiotic-impregnated polymethylmethacrylate (PMMA) beads is regarded as the gold standard for local antibiotic delivery. 
However, the relatively new antibiotic-impregnated collagen sponge has multiple advantages over it. The objective of this study is to compare the 
measurable effects between gentamicin-impregnated collagen sponge and gentamicin-impregnated (PMMA) beads in patients with osteomyelitis.

Methods: This is a case–control study which involved 60 patients who were diagnosed with osteomyelitis between January 2014 and June 2015, and 
underwent first surgical debridement with application of either gentamicin-impregnated collagen sponge (n=28) or gentamicin-impregnated PMMA 
beads (n=32). The numbers of debridement, trend of blood parameters, duration of hospitalization, and total duration of systemic antibiotic therapy 
needed to be completed were reviewed from the patients’ file.

Results: A total of 53 patients of 60 were diagnosed with osteomyelitis of the lower limbs, while the remaining seven were involving the upper limbs. 
The gentamicin-impregnated collagen sponge group has significant lower reoperative rate (p<0.05) and also significant reduction of total white cell 
count in 6 weeks (p<0.05). The two groups showed no statistical difference in regard of duration of hospital admission, duration of systemic antibiotic 
therapy completed, and the reduction of C-reactive protein at 6 weeks post-debridement.

Conclusion: This study reiterates the efficacy of gentamicin-impregnated collagen sponge that results in lower reoperative rate as compared to 
conventional gentamicin-impregnated PMMA beads.
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INTRODUCTION

Osteomyelitis is still a socioeconomic burden due to multiple factors 
including the increasing numbers of road vehicle accidents, which leads 
to increase incidence of fractures and post-traumatic osteomyelitis; 
the high numbers of diabetic and obese patients which predispose to 
osteomyelitis and emergence of multiple drug-resistant organisms [1-3].

Osteomyelitis is loosely defined as infection of the bone and its marrow, 
notable with the progressive inflammatory destruction and apposition 
of new bone following it. It begins with the spread of the bacteria, either 
by hematogenous seeding, direct inoculation, airborne contamination, 
or contiguous focus route. The subsequent contact with bone facilitates 
cell-to-cell or cell-to-implant adhesion, and the organism becomes sessile 
and reduces metabolic rate. Biofilm produced by the organism further 
protects them from phagocytosis, opsonization, and antimicrobials [4]. 
Disruption of local blood supply ensues, with the sequelae of formation 
of sequestrum and involucrum. The pathogenesis above outlined 
various factors on why managing osteomyelitis is an uphill challenge. 
Despite adequate debridement and commencement of culture-sensitive 
antibiotics, multiple factors above provide barriers for success in 
managing osteomyelitis [5]. The failure systemic antibiotics to the affected 
sites with suboptimal debridement allow organisms to not only colonize 
and replicate but also to be dormant. Therefore, resolution of acute 
infection will usually precede the development of chronic osteomyelitis.

Hence, the management of osteomyelitis needs to be optimized in all 
possible angles including the usage of local antibiotics remains as one of 

the important measures of treatment of osteomyelitis. In this study, we are 
trying to explore a small part of the multiple facets of the local antibiotics 
delivery in patients with osteomyelitis. We are focusing on two types of 
local antibiotics  -  the antibiotic-impregnated collagen sponge, which is 
relatively new but with many advantages, and the antibiotic-impregnated 
polymethylmethacrylate (PMMA) beads, which has been accepted as the 
standard of local antibiotics delivery in orthopedic.

As PMMA beads exist in the form of chains with solid beads, there will be the 
need to remove it after its application. Because of this, we have hypothesized 
that the usage of antibiotics impregnated collagen sponge will render the 
patients to have lower reoperative rate, as the collagen sponge will dissolve 
over time. We have also hypothesized that due to this, the hospitalization 
stay will be shorter for them. This may provide a platform to strategy on the 
direction of resources in the management of osteomyelitis.

METHODS

This was a retrospective, case–control study involving 60  patients 
who were diagnosed with osteomyelitis between January 2014 and 
June 2015 in Malacca General Hospital, Melaka, Malaysia. All of these 
patients underwent their first surgical debridement after the diagnosis 
with the application of either gentamicin-impregnated collagen sponge 
or gentamicin-impregnated PMMA beads.

The patients were first screened based on the documentation in admission 
log in wards, surgery census in operation theater, and outpatient visit log 
in Orthopaedic Outpatient Clinic, Malacca General Hospital. Patients that 
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assessment of response to treatment. Both parameters trend were then 
compared based on the level taken at the time of diagnosis and level 
taken at 6  weeks after the debridement with application of the local 
antibiotics (collagen sponge or PMMA beads).

There is no significant difference between the two groups in terms of 
the reduction of CRP at the 6th  week after the debridement (p>0.05) 
(Fig. 2 and Table 3).

However, there was difference between the two groups in terms of the trend 
of reduction of TWC. Patients who underwent debridement with application 
of gentamicin-impregnated collagen sponge were shown to have significant 
reduction of TWC when compared to the PMMA beads group. With 
correction of the violated assumption of sphericity done using Greenhouse-
Geisser correction, p value was 0.02 (p<0.05) (Fig. 3 and Table 4).

were subjected to debridement with application of only one type each for 
gentamicin-impregnated collagen sponge and gentamicin-impregnated 
PMMA beads were selected. For the collagen sponge, the brand used was 
Collatamp with the size of 10 cm by 10 cm (1 cm2 contains equivalent 
of 1.3 mg gentamicin base); whereas for the PMMA beads, single chain 
of the Septopal of 30 beads per chain was used (each bead contains 
equivalent of 4.5 mg gentamicin base). This is to ensure both have almost 
similar content of gentamicin to reduce the variable bias. Both were 
purchased by the Orthopaedic Department of Malacca General Hospital, 
and patients were not required to pay for any of them.

Exclusion criteria were patients who defaulted follow-up before the 
resolution of infection or non-compliant to oral antibiotics or blood taking. 
Other exclusion criteria include patients who sustained polytrauma or 
have significant comorbidity that may affect healing process. Severely 
immunocompromised patients were also not selected into the study.

Then, the patients’ data were collected using their admission records from 
Unit  Rekod Perubatan, Malacca General Hospital and their outpatient 
notes from Orthopaedic Outpatient, Clinic Malacca General Hospital. 
Apart from the demographic data, these patients’ blood parameters 
were collected, especially the C-reactive protein (CRP) and total white 
cell count (TWC) levels which were recorded at the time of diagnosis 
and at least every 2 weeks afterward until the resolution of the infection. 
The length of hospital stay, the numbers of subsequent admission and 
debridement, and the total duration of antibiotics were also recorded.

RESULTS

From the 60 patients included in this study, 52 were male and 8 were 
female. Patients’ age ranged between 17 and 70  years old with the 
average of 32.9  years old. All of these patients underwent follow-up 
in the Outpatient Orthopaedic Clinic, Malacca General Hospital, for the 
minimum of 1  year and 5  months. All patients were diagnosed with 
osteomyelitis, with 53 involving the osteomyelitis of lower limbs and 
seven patients with osteomyelitis of the upper limbs. For the lower 
limbs group, 20 patients had osteomyelitis of the femur, 22 patients had 
osteomyelitis of tibia or fibula or ankle, and one patient had osteomyelitis 
of the patella. For the upper limbs group, only one had osteomyelitis of 
humerus while the other six involved radius and/or ulna (Fig. 1).

Of the 60  patients, 32 had an implant at the site of osteomyelitis 
during the time of diagnosis, whereas 19 were on external fixator and 
the remaining nine have neither an implant nor external fixator. Of 
the 32 patients with implant, 27 had their implant removed during the 
first surgical debridement after the diagnosis of osteomyelitis. Further, 
analysis revealed that the reoperative rate is statistically higher in the 
patients who underwent surgical debridement with application of 
gentamicin-impregnated PMMA beads (Table 1).

In overall, for the collagen sponge group, the maximum number of 
debridement was 4 (mean 2.04), whereas for the PMMA beads group, it was 
6 (mean 2.88). Using the Mann–Whitney U-test, the collagen sponge group 
has a statistically significant lower number of debridement than the PMMA 
beads group with p=0.005. When comparing the duration of hospitalization 
for both groups, the collagen sponge group has shorter duration of hospital 
stay (mean 24 days) compared to the PMMA beads group (mean 31 days); 
however, this is not statistically significant (p>0.05) (Table 2).

The two blood parameters analyzed in this study were the CRP and TWC 
count, as both are considered as reliable markers for inflammation and 

Table 1: Reoperative rate between patients who underwent debridement with gentamicin‑impregnated collagen sponge and PMMA 
beads

Type of treatment Median F statistic p value
Debridement with gentamicin‑impregnated collagen sponge 2.00 (1.00, 3.00) 265.0 0.005
Debridement with gentamicin‑impregnated PMMA beads 2.50 (2.00, 3.75)
PMMA: Polymethylmethacrylate

Fig. 1: Distribution of osteomyelitis according to the type of bones 
involved

Fig. 2: C-reactive protein trend between the time of diagnosis and 
at 6 weeks after debridement
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stabilize was also compared (Table 5). For CRP, the level is considered 
normal once it reaches <0.5  mg/L, whereas the normal level of TWC 
is taken between the ranges of 4.5–11.0 × 109/L. “Stabilize” is defined 
when the blood parameters level is within the normal level for three 
consecutive blood taking (Table 6).

The collagen sponge group took shorter duration of between 22 and 
107  days (mean 50  days) for the CRP to normalize, with the PMMA 
beads took slightly longer at between 28 and 120 days (mean 62 days). 
This was, however, not statistically significant (p>0.005).

Similarly, comparison of duration for TWC to normalize and stabilize 
also resulted in a non-significant finding. Although if account for 
both groups the duration for TWC to normalize is the same (within 
7–35  days), patients who underwent debridement with gentamicin-
impregnated collagen sponge have shorter duration (mean 13  days) 
compared to the PMMA beads group (mean 16 days) (p>0.05).

Finally, the duration of antibiotics needed to be completed until the 
resolution of infection also shown no significant difference between the two 
groups (p>0.05), although generally patients who underwent debridement 
with antibiotic-impregnated collagen sponge completed shorter duration 
for the antibiotic course (mean 59 days vs. 66 days for PMMA beads group).

Table 2: Comparison of duration of hospitalization period

Duration hospitalization DEB+Genta beads+Sysant Mean 31.03 3.719
95% confidence interval for mean
Lower bond 23.45
Upper bond 38.62
5% trimmed mean 29.56
Median 22.50
Variance 442.483
SD 21.035
Minimum 6
Maximum 92
Range 86
Interquartile range 36
Skewness 0.931 0.414
Kurtosis 0.549 0.809

DEB+Collatamp+Systant Mean 23.82 4.110
95% confidence interval for mean
Lower bond 15.39
Upper bond 32.25
5% trimmed mean 21.48
Median 13.50
Variance 472.893
SD 21.746
Minimum 6
Maximum 87
Range 81
Interquartile range 24
Skewness 1.620 0.441
Kurtosis 2.139 0.858

Table 3: CRP trend between the time of diagnosis and at 6 weeks after debridement

Type of treatment First CRP CRP at 6th week F statistic p value
Debridement with gentamicin‑impregnated PMMA beads 9.411 (4.34, 12.29) 3.15 (1.07, 9.67) 0.357 0.385
Debridement with gentamicin‑impregnated collagen sponge 8.33 (4.39, 10.19) 3.25 (1.09, 5.09)
CRP: C‑reactive protein

Table 4: TWC trend between the time of diagnosis and at 6 weeks after debridement

Type of treatment First CRP CRP at 6th week F statistic p value
Debridement with gentamicin‑impregnated PMMA beads 14.90 (11.65, 18.55) 9.70 (7.38, 12.88) 5.729 0.020
Debridement with gentamicin‑impregnated collagen 
sponge

12.10 (10.43, 14.15) 9.25 (6.95, 11.85)

TWC: Total white cell, CRP: C‑reactive protein

Fig. 3: Total white cell trend between the time of diagnosis and at 
6 weeks after debridement

Apart from comparison at the objective period of 6  weeks after 
debridement, the period for the blood parameters to normalize and 
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DISCUSSION

Resolution of infection and prevention of recurrent chronic osteomyelitis 
remains as the major goals of the treatment of osteomyelitis. The two 
mainstay of treatment is an adequate debridement and commencement 
of systemic antibiotics. However, the role of usage of local antibiotics 
as adjunct should not be dismissed. Started with prophylactic measure 
in prosthetic joint surgery, the introduction of antibiotic-impregnated 
beads later took center stage and mainly used as adjunct to surgical 

debridement to reduce the incidences of post-operative infection [6,7]. 
The introduction of gentamicin-impregnated beads reported a cure rate 
of 91.4% in over 100 patients [8].

One of the main advantages of antibiotic-impregnated medium is the 
delivery of high concentration of antibiotics to the local tissue affected 
by the infection. This is in contrast with the poor delivery of systemic 
antibiotics due to the disruption of blood supply, especially in chronic 
osteomyelitis. The presence of biofilm is also a major factor as it acts 

Table 5: Comparison of duration for CRP to normalize and stabilize

CRP normalized and stabilized DEB+Genta beads+Sysant Mean 62.09 4.916
95% confidence interval for mean
Lower bond 52.07
Upper bond 72.12
5% trimmed mean 60.79
Median 54.50
Variance 773.314
SD 27.809
Minimum 28
Maximum 120
Range 92
Interquartile range 36
Skewness 0.842 0.414
Kurtosis −0.451 0.809

DEB+Collatamp+Systant Mean 50.11 4.658
95% confidence interval for mean
Lower bond 40.55
Upper bond 59.66
5% trimmed mean 48.52
Median 42.00
Variance 607.433
SD 24.646
Minimum 22
Maximum 107
Range 85
Interquartile range 26
Skewness 1.210 0.441
Kurtosis 0.643 0.858

Table 6: Comparison of duration for TWC to normalize and stabilize

TWC normalized and stabilized DEB + Genta beads + Sysant Mean 16.28 1.352
95% confidence interval for mean
Lower bond 13.52
Upper bond 19.04
5% trimmed mean 15.80
Median 14.00
Variance 58.467
SD 7.646
Minimum 7
Maximum 35
Range 28
Interquartile range 10
Skewness 1.121 0.414
Kurtosis 0.406 0.809

DEB + Collatamp + Systant Mean 13.29 1.197
95% confidence interval for mean
 Lower bond 10.83
Upper bond 15.74
5% trimmed mean 12.65
Median 11.50
Variance 40.138
SD 6.335
Minimum 7
Maximum 35
Range 28
Interquartile range 8
Skewness 1.617 0.441
Kurtosis 3.732 0.858
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that 80% of the collagen sponge group and in 90% of the PMMA beads 
group the osteomyelitis was completely allayed with disappearance of 
all infectious parameters. There was significantly higher reoperations 
number in the PMMA group. It was also found out that gentamicin is 
released more rapidly in collagen sponge group as compared to the 
PMMA beads group [26].

This retrospective study attempted to compare the measurable 
outcomes among these patients. The two statistically significant 
findings were the collagen sponge group that has underwent lower 
numbers of debridement and shown to have significant reduction 
of TWC count as compared to the cement beads group. The lower 
reoperative rate mainly owes to the fact that majority of patients with 
gentamicin-impregnated PMMA beads required a second, though 
simpler, surgery to remove the beads, especially for those whose 
wounds were closed during the first debridement. In comparison, the 
gentamicin-impregnated collagen sponge does not require a second 
surgery to remove it, as it is biodegradable. The lower reoperative rate 
shown in this study also tallies with previous studies.

Therefore, among the drawbacks for the usage of PMMA beads are the 
need for another surgery to remove the beads after sometime. After the 
concentration of gentamicin released from the local carrier diminishes, 
the beads and the chain will only serve to become a foreign body. Hence, 
it becomes a risk to provide a reservoir for organisms to survive and 
recolonize. PMMA beads may also induce undesirable local tissue 
reaction and require large space to be inserted effectively [27]. Although 
there are still practices that leave the end of the chain protruding out 
from part of the wound that is left open following insertion of the 
beads, this is not routinely done, especially in periarticular and juxta-
articular osteomyelitis. The need for removal of the PMMA beads is a 
major factor found in our study on why the reoperative rate is higher 
as compared to the patients who underwent debridement using 
gentamicin-impregnated collagen sponge.

The significant reduction of the TWC count in patients who underwent 
debridement with antibiotic-impregnated collagen sponge is a new 
finding. At first, we have hypothesized that there will be significant 
reduction of all blood parameters, especially the CRP in the collagen 
sponge group due to lower number of debridement. This is despite 
previous studies investigating the biodegradation of the collagen 
sponge following its subcutaneous and intramuscular implantation have 
recognized a pattern of significant inflammatory response lingering 
for at least 120  h after the application [28,29]. As repeated surgical 
debridement will induce more tissue reaction and inflammation, the 
PMMA beads were hypothesized to have much slower reduction in 
inflammatory markers level. However, the study showed that there 
was no difference in terms of reduction of the CRP, thus dispelling 
the hypothesis. Although TWC is also considered as a reliable clinical 
parameter for inflammation and infection, CRP is a more sensitive and 
accurate measure [30,31].

As postulated, there were no significant differences in hospitalization 
period and duration of systemic antibiotics to be completed in 
both groups of patients. This is consistent with previous studies 
and showed that despite the usage of local delivery of antibiotics, 
systemic antibiotics remain the mainstay of treatment and must 
not be compromised. As host factor remains as the most important 
factor that has critical importance in inducing remission of chronic 
osteomyelitis, the susceptibility to infection need to be countered 
with a good, effective systemic antibiotics commencement [32]. The 
standard recommendation of 6 weeks of antibiotics for the treatment of 
chronic osteomyelitis is still widely accepted. Studies have shown that 
intravenous and oral therapies have achieved similar curative rate, and 
there are no data of antibiotic therapy more than 6 weeks will improve 
the clinical outcomes [33].

This study has been rightly shown to have few limitations; among 
the notable one is the study design itself. Like many retrospective 

as mechanical barrier for the delivery of systemic antibiotics. Hence, 
high level of antibiotic concentrations is required to penetrate biofilms 
formed by the offending organism [9]. Mostly, the systemic antibiotics 
given in standard, regular doses are insufficient to breach the glycocalyx 
produced by the offending bacteria [10]. Thus, delivery of high local 
concentration of antibiotics can target the remaining organisms in 
biofilms more effectively [11]. Local antibiotics may act as a gap filler 
and help bathing the hematoma or seroma with antibiotics. The dead 
space that may be left after debridement was shown to be effectively 
occupied by antibiotic beads [12]. The framework consisting of 
osteoinductive and osteoconductive properties can be provided by the 
local antibiotics, aiding in bone healing following osteomyelitis [13].

One of the methods for local antibiotic delivery which is widely used 
is the usage of antibiotic-impregnated PMMA beads. It was proposed 
that cement beads are the gold standard for local antibiotic delivery 
for orthopedic infection treatment and prophylaxis [11]. Antibiotic 
consignment from PMMA beads also produces significantly higher 
concentration levels in targeted tissue, as compared than systemic 
antibiotic therapy alone [14]. On the other hand, the relatively new 
antibiotic-impregnated collagen sponge has also been shown to be 
an effective adjunct for the treatment of osteomyelitis [15,16]. Due to 
its flexible form, it may fit into small spaces at the wound following 
the debridement, hence, provided a better alternative than solid 
beads with chains. However, more studies are needed in regard to the 
efficacy of gentamicin-impregnated collagen sponge as the treatment 
for osteomyelitis as most studies were focusing on its efficacy as 
prophylaxis for surgical site infection, especially in cardiothoracic and 
colorectal surgeries [17,18].

As in many discussions regarding choice of antibiotic for local delivery, 
gentamicin had been proven as an excellent choice. Among the most 
common pathogens isolated in osteomyelitis are Staphylococcus sp. 
and Pseudomonas sp., with Staphylococcus epidermidis are notably 
notorious in the presence of implant [19]. As concentration-dependent 
aminoglycosides are effective against both Gram-positive and Gram-
negative bacteria [20,21], gentamicin provides a useful bactericidal 
effect. A potent additive to any local antibiotic carrier, gentamicin sulfate 
itself has shown to have low rate of primarily resistant pathogens, in 
addition, to have good thermostability [22]. This is definitely important, 
especially when mixed with the exothermic-producing PMMA beads.

The issue of safety of high concentration of local delivery of gentamicin, 
however, is still inconclusive and may require more studies. Although 
the concentration used in this study is generally low (135 mg per one 
collagen sponge and 135  mg per one PMMA beads chain), there are 
studies that highlight concerns regarding the adverse effects of local 
delivery of highly concentrated antibiotics. A recent animal study found 
that the usage of antibiotic-impregnated collagen sponge led to the 
development of renal failure in dogs [23]. Whereas the usage of topical 
gentamicin-impregnated collagen sponge in diabetic foot ulcers showed 
that 28.6% of sample developed adverse effects, namely elevated serum 
creatinine level, infected skin ulcers, and tinea pedis infection [24].

Due to the differences in form and requirements, in vitro comparative 
studies between antibiotic-impregnated PMMA beads and collagen 
sponge have been conducted and found that the bacterial colony was 
significantly reduced in rats treated with gentamicin with collagen 
sponge, while both significantly better than only parenteral cefazolin. 
Gentamicin-impregnated collagen sponge was also shown to produce 
higher minimal inhibitory concentration (MIC) as compared to PMMA 
beads (almost 600 times MIC for the collagen sponge vs. 300 times MIC 
for cement beads). Therefore, the relation of release of large amounts of 
gentamicin, the flexible gentamicin-contained collagen sponge proved 
to be superior to the rigid PMMA beads [25].

Studies comparing the clinical outcomes in patients diagnosed with 
osteomyelitis and managed with antibiotic PMMA beads and collagen 
sponge, however, are still small in number. The previous study found 
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studies, the inability to control variable biases, especially in regard to 
patients’ factors, may influence the outcome of this study. As this may 
be considered as a pilot study, the limited numbers of published studies 
comparing the two groups of gentamicin-impregnated collagen sponge 
and PMMA beads provide limited exposure and references to ensure the 
suitability of the clinical outcomes tested. A  randomized, prospective 
study with greater number of sample size using similar points for 
comparison would be a good follow-up to ascertain the accuracy of the 
findings in this study.

CONCLUSIONS

This study reinforces previous studies’ findings that the usage 
of gentamicin-impregnated collagen sponge will result in lower 
reoperative rate as compared to conventional gentamicin-impregnated 
PMMA beads. The significant reduction of TWC count, however, may 
need further comprehensive studies, especially the ones that would 
focus on assessing the reduction of inflammatory parameters as an 
indicator for the response of treatment in patients with osteomyelitis 
who undergoes debridement with application of gentamicin-
impregnated collagen sponge. The study also reiterates the efficacy 
of usage of gentamicin-impregnated sponge as adjunct of treatment 
in osteomyelitis, in relative comparison to the usage of PMMA beads 
which is considered as the gold standard for local antibiotic delivery in 
osteomyelitis treatment.
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