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Abstract 

Introduction: The use of antibiotic impregnated biodegradable synthetic high purity calcium sulfate (SHPCS) beads is 
frequently reported as they offer increased concentration of antibiotics locally, without need for removal. However some 
wound discharge following their use has been noted. The purpose of this study was to determine any correlation between 
wound discharge and infection remission.  

Methodology: Retrospective study of 39 cases of Osteoarticular infections from April 2013 to November 2016 in whom 
SHPCS beads were used. All patients underwent the standard staged protocol of aggressive debridement, deep tissue biopsy, 
implant removal where indicated and early soft tissue cover. SHPCS beads were used locally in the second stage combined 
with appropriate antibiotics based on tissue culture. All patients received systemic antibiotics for a period of 6 weeks and 
followed up for a minimum period of six months. The study analysed the patient demographics, etiology, surgical procedures, 
culture patterns, local antibiotics used, radiological status of beads, incidence and characteristics of wound discharge and 
outcome. 

Results: There were 25 cases of chronic osteomyelitis, eight infected non unions, three peri prosthetic joint infections, two 
soft tissue infections and one case of acute osteomyelitis. 17 of these infections were following osteosynthesis. The cultures 
were negative on eight occasions in seven patients. A total of 40 organisms were isolated in the other patients; commonest 
being Staphylococcus aureus (n=16) and E coli (n=7). SHPCS beads were mixed with vancomycin in 17 cases, colistin in 11, 
vancomycin with colistin in eight and vancomycin with gentamicin in four. Voriconazole was used in one case with fungal 
infection. 

Eight cases (20.51 %) developed discharge from the wound at an average of 6 days after inserting the beads. The discharge 
was serous with no foul smell in six and purulent in two inflamed wounds. Four cases underwent re-debridement; two cases 
with purulent discharge and subsequent positive cultures; two with serous discharge early in the series and no evidence of 
infection on re-exploration with negative cultures. The remaining four patients with serous wound discharge were observed 
without any further surgical intervention, with the discharge stopping spontaneously between 15 to 36 days post operatively. 
There was no correlation between antibiotic used and wound discharge. Radiographic analysis showed dissolution of all the 
beads at an average of 36 days in the 39 cases. Heterotrophic ossification was not observed.  

Clinical and radiological remission of infection was observed in 37 cases (94.9%). Two patients died during the course of 
hospitalization, secondary to septicaemia and multi organ failure. Three patients had an infection recurrence within six 
months, managed successfully by re-debridement and appropriate antibiotics. Radiological union was achieved in seven of the 
eight infected non unions.  

Conclusions: With the encouraging rates of infection remission we have observed, we continue to use antibiotic loaded 
SHPCS as an alternative for local antibiotic delivery in the treatment of osteoarticular infections. However, wound discharge 
is a known potential observation following implantation of calcium sulfate beads, subsiding typically within four to six weeks.  

The appearance of wound discharge can vary, ranging from purulent discharges to non-purulent, serous/ sero sanguineous 
fluid wound discharges. The presence of a wound discharge alone does not necessarily imply a failure to treat the infection. 

It is important to be aware of this side effect and guard against unnecessary re- operations, by careful consideration and 
monitoring all of the available clinical signs of infection, in addition to blood test results and radiographic evidence. Further 
research is needed to determine the relationship between the implantation of antibiotic loaded calcium sulfates and the 
incidence and duration of drainage. 
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Introduction 
The development of osteoarticular infection can 

represent a significant challenge to the surgeon and 
distress to the patient, often resulting in multiple 
surgical procedures. It is commonly associated with 
both trauma and joint arthroplasty procedures[1], the 
latter of these alone representing a significant burden 
to health care systems[2, 3]. The incidence of 
osteomyelitis in trauma depends on the bone effected 
and the severity of the fracture, and can vary from 
1.8% to 27%[1]. 

A surgical strategy commonly used to treat 
osteoarticular infection is aggressive debridement, 
stabilization in selected cases, soft tissue cover & 
Systemic as well as local Antibiotics (the implantation 
of antibiotic loaded carrier material, in order to 
deliver antibiotics at high concentration directly at the 
site of the infection.) Whilst polymethylmethacrylate 
(PMMA) cement is long established as such a carrier 
[4, 5] it does have some drawbacks. Its non-absorbable 
nature necessitates surgical removal, and it typically 
delivers a high initial burst release followed by 
elution of sub therapeutic concentrations of antibiotic 
[6, 7]. Antibiotic loaded PMMA spacers are best suited 
for cases with infected gap non-union, followed by 
bone grafting at a later stage. 

A biodegradable alternative to PMMA is calcium 
sulfate, which has long been reported as an effective 
means of delivering antibiotic [8-10]. Its 
biodegradable nature eliminates the need for 
subsequent surgical removal, and recent studies have 
indicated it may be effective tool in preventing the 
formation of bacterial biofilms [11, 12]. Calcium 
sulfate also has the advantage of providing an 
effective osteoconductive scaffold[13], supporting 
new bone growth when implanted in a bone void[14]. 
However, when implanted in a soft tissue site, 
calcium sulfate is fully absorbed without inducing 
heterotopic ossification (HO)[15], unlike other 
biphasic ceramic materials[16]. The ability to manage 
dead space in soft tissue, and deliver antibiotics 
locally without inducing HO is advantageous when 
applied to cases of chronic osteomyelitis and joint 
revision surgery.  

In recent years, a synthetic high purity 
formulation of calcium sulfate has been available to 
clinicians, which may be effective when slow 
degradation and longer antibiotic elution times are 
required [17, 18]. Its use has been reported in trauma 
and joint revision surgery with encouraging outcomes 
[19-23]. 

A commonly reported observation associated 
with the use of calcium sulfate when used surgically is 
a fluid discharge from the wound/surgical site, 
occurring in 4% to 51% of cases [24-27]. The reported 

duration of fluid discharge is variable, ranging from 2 
to 24 weeks duration[24]. 

The purpose of this study was to analyse the 
correlation between fluid discharge and infection 
remission in patients who had been treated using 
antibiotic impregnated beads of this synthetic high 
purity calcium sulfate (SHPCS) (Stimulan, 
Biocomposites Ltd, UK). 

Methodology 
A retrospective review of 39 cases of 

Osteoarticular infections from April 2013 to 
November 2016 was performed, all treated by a single 
surgeon at a tertiary referral centre. All patients in the 
review underwent a standard staged protocol of 
aggressive debridement, deep tissue biopsy, implant 
removal where indicated and early soft tissue cover. 
SHPCS beads were used locally in the second stage 
combined with appropriate antibiotics based on 
antibiotic susceptibility in the culture positive group. 
Broad spectrum antibiotics were used in culture 
negative group.  

All patients received appropriate systemic 
antibiotics for a period of six weeks as advised by the 
infectious disease specialist and were followed up for 
a minimum period of six months. The study analysed 
the patient demographics, etiology, surgical proced-
ures, culture patterns, local antibiotics used, 
radiological status of beads, incidence and 
characteristics of fluid discharge and outcome. 

Results 
The average age was 51 years (Range 10- 79), 

with 28 males and 11 females. There was notable 
heterogeneity in the cases reviewed; 25 cases of 
chronic osteomyelitis, eight infected non-union, three 
periprosthetic joint infections, two soft tissue 
infections and one case of acute osteomyelitis. 17 of 
these infections presented following osteosynthesis, 
nine of the chronic osteomyelitis cases, and all eight of 
the infected non-unions. One patient in this series 
received two surgical treatments using SHPCS beads, 
for chronic osteomyelitis following failure of the first 
procedure. In the patients presenting with peripros-
thetic joint infection, the calcium sulphate was used as 
part of dead space management strategy in debrided 
soft tissue and to ensure local antibiotic delivery 
within the medullary canals of both the femur and 
tibia. This is in addition to using PMMA cement 
spacers. Of the 2 cases with infection following a total 
knee replacement, 1 underwent arthrodesis following 
infection remission and the 2nd died secondary to 
septicaemia. The 3rd case was an infection following 
bipolar hemi arthroplasty and subsequently 
underwent an excision arthroplasty.  
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The cultures were negative on eight occasions in 
seven patients. In culture positive patients, a total of 
40 organisms were isolated in the other patients 
(Table 1); commonest being Staphylococcus aureus (16) 
and Escherichia coli (7). Cultures from five patients 
indicated multiple organisms. 

 

Table 1. Tissue culture results 

Culture- Single organisms Number of patients 
Culture negative 7 
Staphylococcus aureus 16 
Escherichia coli 7 
Pseudomas aeruiginosa 5 
Enterobacter Sp. 3 
CoNS 2 
Culture- Multiple organisms  
Escherichia coli  
Proteus mirabilis 

2 

Enterococcus 
Pseodomonas aeruiginosa 

1 

Escherichia coli  
Proteus mirabilis 
Klebsiella pneumonia 

1 

Enterococcus Sp. 
Escherichia coli  
Pseudomonas aeruiginosa 
Acinetobacter baumannii 
Candida albicans 

1 

 
SHPCS beads were mixed with vancomycin in 17 

cases, colistin in 11, vancomycin with colistin in eight 
and vancomycin with gentamicin in four. 
Voriconazole was used in one case presenting with 
multiple organisms, including Candida albicans. The 
range of volume of SHPCS beads implanted was 5 cc 
to 30cc, with an average implanted volume of 8.1cc. 

Soft tissue cover was achieved primarily in 33 
cases. Negative pressure wound therapy followed by 
split thickness skin grafting, was carried out in four 
cases, while two cases underwent local rotation flap. 

Eight cases (20.51 %) developed discharge from 
the wound at an average of six days after the surgical 
procedure. The discharge was serous with no foul 
smell in six cases; two of these cases underwent 
re-debridement, in early part of the series but there 
was no evidence of infection on re-exploration nor 
were the cultures positive, suggesting that this second 
procedure was not necessary. The beads were taken 
out and the discharge stopped. The other four patients 
were observed without any further intervention. The 
discharge stopped spontaneously in these cases 
between 15 to 36 days post operatively. 

The discharge was purulent in two with wounds 
appearing inflamed; with raised Erythrocyte 
sedimentation rate (ESR), C- reactive protein (CRP). 
These cases underwent re-debridement, with pus at 
debridement with subsequent positive cultures; 
namely Proteus mirabilis and Staphylococcus aureus.  

Five of these had chronic osteomyelitis (two 

following osteosynthesis), two infected non unions 
following osteosynthesis and one acute osteomyelitis. 
Six of the eight had initially presented with culture 
positive results (Four Staphylococcus aureus and two 
Pseudomonas aeruginosa), with the remaining two 
being culture negative. Three had received 5cc of 
SHPCS, and five had received 10cc. Five had received 
SHPCS combined with vancomycin and three with 
colistin. All received six weeks of systemic antibiotics 
either based on the culture reports or broad spectrum 
in cases where the cultures were negative based on 
the recommendations of the infectious disease 
specialist. 

Radiographic analysis showed dissolution of all 
the beads at an average of 36 days. The discharge 
stopped in 15 to 36 days in the 39 cases. There were no 
cases of heterotrophic ossification in our series.  

The mean follow- up after treatment was 25.7 
months (range, 6- 49 months). Clinical and 
radiological remission was observed in 37 cases 
(94.9%). Two patients died during the course of 
hospitalization, secondary to septicaemia and multi 
organ failure. Three patients had a recurrence of 
infection within six months, managed successfully by 
re debridement and appropriate antibiotics. SHPCS 
beads were used again locally in one patient. 
Radiological union was achieved in seven of the eight 
infected non unions.  

 Discussion 
The results from our series of 39 patients of 

osteoarticular infections treated using antibiotic 
impregnated SHPCS found that there was no 
association between antibiotic used in combination 
with SHPCS, or the systemic antibiotics administered 
and the incidence of wound discharge. In addition, 
there was no correlation between wound discharge 
and the volume of SHPCs used, or the infecting 
pathogen. Of the eight cases presenting with wound 
discharge, two were clearly recurrent infection, as 
indicated by the clinical signs and symptoms, the 
purulent discharge, and confirmed by the positive 
cultures obtained on re-operation. One of these two 
cases presented with chronic osteomyelitis of the right 
femur (Figure 1). SPHCS beads with colistin were 
inserted based on the recommendation of the 
infectious disease specialist as the deep tissue cultures 
were negative (Figure 2). He developed foul smelling 
discharge with an inflamed surgical site 14 days after 
the debridement (Figure 3). ESR and CRP were 
persistently high; with frankly purulent discharge and 
necrotic tissue seen on re exploration. Deep tissue 
cultures showed growth of Proteus mirabilis which was 
treated with appropriate systemic antibiotics. The 
wound closed secondarily following application of 
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negative pressure wound therapy (Figures 4 and 5). 
This highlights that this specific patient required a re- 
operation to resolve the infection in spite of what 
appeared to be a prior aggressive debridement. In 
retrospect we feel that the debridement may not have 
been adequate. From evaluation of the six remaining 
cases of wound discharge, we believe a careful 
interpretation of the wound status is required when 
using antibiotic impregnated SHPCS. One of these 
cases had been treated for acute osteomyelitis of the 
right femur (Figure 6). At eight days post-op, there 
was wound discharge present, but the patient was not 
presenting with any other signs of worsening 
infection: no pain or fever were present with ESR and 
CRP values declining, and the patient was 
comfortable (Figure 7). On suspecting inadequate 
debridement, the patient underwent a secondary 
debridement procedure and the remaining beads 
were removed. However, no pus or necrotic tissue 
was found, and tissue cultures indicated that the 
wound was culture negative. The wound healed 
completely and there was no recurrence at 4 years, 
strongly suggesting that the discharge was as a result 
of the presence of the beads, and not infection (Figure 
8). We reviewed the radiograph after bead insertion 
and realised that a small proportion of the beads were 
present in subcutaneous tissue as opposed to the deep 
placement suggested in literature [21](Figure 9). The 
second was a case of periprosthetic joint infection 
following a total knee arthroplasty who underwent 
debridement followed by insertion of SPHCS beads. 
She developed discharge within 10 days of insertion, 
with no local signs of inflammation. There was no 
evidence of residual infection on re- exploration and 
the deep cultures were negative. Both the cases were 
done in early part of the series and we realized early 
on that discharge does not mean that there is 
persistent infection. So it helped us avoid unnecessary 
re exploration in remaining 4 cases.  

In four of the cases presenting with a 
non-purulent wound discharge, the fluid was serous/ 
sero sanguineous in nature, and once again, the 
patients were not presenting with any other signs of 
worsening infection. These patients were closely 
observed without additional surgery. The discharge 
stopped in 18 to 34 days in these four cases, which 
may be related to the complete radiographic 
absorption of the beads, as suggested by 
literature[27], but the contribution of the 6 weeks of 
systemic antibiotics treating residual infection 
therefore halting the discharge must be considered. 
Highlighting one such case; a 42 year old female 
presented with chronic osteomyelitis of the right 
femur with multiple discharging sinuses for 10 years 
and an antibiotic impregnated PMMA coated nail in 

situ (Figures 10 and 11). She presented after two failed 
attempts at nail removal elsewhere. At our institute, 
she underwent nail removal and aggressive 
debridement; medullary reaming samples showing 
growth of Methicillin resistant Staphylococcus aureus. 
She developed serous discharge from the surgical site 
ten days after the use of SHPCS beads with 
vancomycin (Figures 12 and 13). The patient was kept 
under observation as the wound was not inflamed 
and inflammatory markers were less than the 
preoperative levels. The discharge stopped in 24 days 
and patient had complete remission of infection at an 
eight month follow up (Figure 14). 

On consideration of reported occurrence of 
wound drainage in literature being a known 
observation on implantation of calcium sulfate[24-27], 
it was noted that improved soft tissue coverage with 
surgical techniques which encourage a water-tight 
deep soft tissue envelope may reduce its 
occurrence[21]. 

 

 
 Figure 1. MRI showing osteomyelitis right femur 

 

 
Figure 2. Post operative radiograph with SPHCS beads 
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Figure 3. Discharging sinus two weeks after 
debridement 

 

 
Figure 6. MRI showing osteomyelitis right femur 

 

 
Figure 9. Post operative radiograph with 
subcutaneous placement of SPHCS beads 

 
Figure 4. Wound after re- debridement 

 

 
Figure 7. Surgical site discharge 

 

 
Figure 10. Pre operative radiograph of femur with 
intra medullary cement coated nail 

 
Figure 5. Secondary healing following negative 
pressure wound therapy 

 

 
Figure 8. Healed surgical site 

 

 
Figure 11. Multiple discharging sinuses right thigh 
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Figure 12. Post operative radiograph with SPHCS beads 

 

 
Figure 13. Serous discharge from surgical site 

 

 
Figure 14. Healed surgical site without active intervention 

 
In cases where SHPCS or other calcium based 

carrier materials are used in combination with 
antibiotics, unless there is a strong clinical and haem-
atological suspicion of re-infection, re-exploration of 

the surgical site should not be undertaken where 
serous/sero sanguineous discharge is observed, 
without careful consideration. 

The causes of this wound drainage are unclear 
from the series presented here, but there is some 
speculation in literature regarding a link between the 
volumes of material implanted, and the potential for a 
hyper-osmotic effect as the beads dissolve in-vivo[21]. 
The use of negative pressure wound therapy and/ or 
indwelling drains for a longer period of time than 
would typically be indicated may help reduce the 
discharge; we have however not used this strategy in 
our series. Further studies using the same in such 
scenarios are needed to assess the outcomes. 

This study has limitations as it is a retrospective 
study, without a comparative control group of 
patients. In addition, the series of patients presented 
with a wide range of infection indications, further 
limiting the statistical significance and certainty of the 
conclusions that can be drawn. However, we feel the 
observations reported in this series add further to the 
wider clinical discussion of the incidence of wound 
drainage and the clinical decisions that are made as a 
result of its manifestation. 

The clinical and radiological rates of remission of 
infection in our series remain encouraging at 94.9%. 

Conclusions 
 With the encouraging rates of infection 

remission we have observed, we continue to use 
antibiotic loaded SHPCS as an alternative for local 
antibiotic delivery in the treatment of osteoarticular 
infections as we feel the potential to obviate the need 
for a second surgery (i.e. removal of PMMA antibiotic 
beads), is an important potential benefit to our 
patients and hospital. The possibilities of reduced 
surgical procedures, length of stay in hospital and 
overall costs associated with these infections must be 
considered. 

Wound discharge is a known potential 
observation following implantation of SHPCS beads 
and other calcium sulfate based carrier materials, 
which when observed, frequently subsides within 
four to six weeks. 

The nature of the discharge is worthy of note. 
The purulent discharges observed in our small series 
were very different in appearance to the 
non-purulent, serous/ sero sanguineous fluid wound 
discharges we observed. The presence of a wound 
discharge alone does not necessarily imply a failure to 
treat the infection. 

The cause for the discharge is often unclear, and 
in keeping with other published reports no conclusive 
contributing factors to its occurrence are suggested 
from this case series. It is important to be aware of this 
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potential side effect and guard against unnecessary 
re- exploration by careful consideration and 
monitoring all of the available clinical signs of 
infection, in addition to blood test results and 
radiographic evidence. 

Further research is needed to determine the 
relationship between the implantation of antibiotic 
loaded calcium sulfates and the incidence and 
duration of drainage. Whether there is a statistical 
association between the implantation of high volumes 
of calcium sulfate beads, the antibiotics used and 
wound discharge remains to be established and 
warrants further clinical investigation. 
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