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Abstract 
Background: Open fractures, osteomyelitis, peri-prosthetic infections whether impending or established 
are challenging situations in orthopaedic practice. Prevention and eradication of infections is a difficult 
task and incomplete treatment can lead to devastating complications. Treatment protocol involves wound 
debridement in cases of osteomyelitis and peri-prosthetic infections, primary internal fixation of the open 
fracture and application of calcium sulphate augmented with antibiotics, is a line of treatment in most of 
the cases. 
Aim: To study and analyse the effect of calcium sulphate augmented with antibiotics in orthopaedic 
practice. 
Materials and Methods: Patients were admitted in Mallya Hospital, Bangalore in between June 2018 to 
December 2019. Sample size of 30 was calculated based on the formula. Patients with diagnosis of 
osteomyelitis, peri-prosthetic infection and open fracture were included in the study. The patients were 
recruited to the study after due consent. Clinical history was taken and patients were examined, 
laboratory parameters (TC, ESR, CRP) were taken preoperatively and radiological examination done. 
Patients were followed up with laboratory parameters (TC, ESR, CRP), radiographs for resorption of 
calcium sulphate and bone healing at 6 weeks, 3 months and 6 months postoperatively. 
Results: Minimum age of the patient was 15 years and maximum 83 years, 2 patients were lost to follow 
up, 21 males and 7 female patients. Cases were divided depending on the type. Postoperatively laboratory 
parameters with statistical significant P values in cases of osteomyelitis, peri-prosthetic infection, open 
fracture seen in TC, ESR and CRP are as follows, osteomyelitis (0.016,0.011, <0.001), Periprosthetic 
infection (<0.001, <0.001,<0.001) and in open fractures (<0.001, 0,003,<0.001). Calcium sulphate re-
sorption was assessed along with bone healing. Average Calcium sulphate re-sorption period was 6 
weeks and average bone healing time was 6 months in fracture and cases with the bone void formation. 
There was statistically significant difference between all the groups when compared pre and 
postoperatively. 
Conclusion: We concluded that antibiotic impregnated Calcium sulphate plays an important role in 
tackling the infection when used locally at the site of infection; it helps in wound healing and bone 
healing. 

 
Keywords: Calcium sulphate, orthopaedic practice, Open fractures, osteomyelitis, peri-prosthetic 
infections 

 
Introduction 
Orthopaedic trauma and infections are very common in Indian scenario. Open fractures and 
infections whether impending or established are challenging situations in orthopaedic practice. 
Acute or Chronic post traumatic and postoperative infections especially osteomyelitis, 
periprosthetic infections are conditions associated with increased morbidity to the patient [1-3]. 
In cases of severe bony infections, impending sepsis and mortality are the issues of concern in 
orthopaedic practice. 
Due to bony defects, soft tissue damage, dead space formation, severe contamination, poor 
vascularity, lowering the rate of infection is the main challenge. The current concept in the 
treatment of orthopaedic infections and open fractures include immediate aggressive 
debridement to remove suspicious things which can act as a potential risk for the infections. 
Early stabilization of the fracture, stabilization of the defect formed in cases in orthopaedic 
infections, osteomyelitis [4, 5]. 
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Stabilization of the open fracture or bony defect formed and 

bone loss in infections eg: osteomyelitis is essential for 

decreasing the pain, to decrease the chance of neurovascular 

injuries, soft tissue damage, wound healing and bone healing. It 

is difficult to eradicate/treat the osteomyelitis infection due to 

complexity of diagnosis, the nature of the condition, extent of 

the spread and line of management [6]. 

Recently treatment of open fracture primarily with internal 

fixation has shown encouraging results [7] but still there is 

controversy that internal fixation may increase the chance of 

infections due to bacterial adherence and biofilm formation on 

surface of metallic implants [8]. In peri-prosthetic infections there 

are difficulties in eradication of the infective focus, which is a 

concern whether to retain the implant or not. 

The current treatment of open fracture along with post traumatic 

or post-operative osteomyelitis /infections, contaminated wound 

requires thorough surgical debridement, elimination of dead 

space formed by bone loss & microbial infection , systemic 

antibiotics for longer duration in combination with local release 

of antibiotic obtained by implantation of the bio-absorbable 

materials like Calcium sulphate, bone graft substitutes [9-16] and 

non-absorbable materials like Polymethylmethacrylate (PMMA) 

cement impregnated with antibiotics [17-20]. 

Although the main line of treatment of open fracture and local 

infections is systemic antibiotic therapy but local antibiotic 

delivery has shown good results to tackle these situations very 

well [21-27]. In open fractures with bone loss, use of calcium 

sulphate with antibiotic impregnated PMMA is also used for 

primary stabilizations and to fill the defect [29, 30]. Calcium 

sulphate has several advantages over other local antibiotic 

delivery methods. 

It helps in new bone formation (osteoconduction) along with 

this, it also helps to fill the dead space formed due to bone loss 

occurred with trauma and surgical bone loss or infective 

conditions. With the increased number of complex trauma cases 

and chronic orthopaedic infections, patients have to undergo 

long term treatment (which may or may not benefit the patient). 

In long term treatment patients have to face other co-morbidities 

which hamper their moral and overall outcome also. 

In cases of established orthopaedic infections, osteomyelitis, 

complete eradication of the infection avoiding subsequent need 

for surgery so as to decrease the morbidity and provide a cost 

effective treatment plan without increasing the burden on the 

patient. 

 

Materials and Methods 

Patients were admitted in Mallya Hospital, Bangalore in 

between June 2018 to December 2019. Sample size of 30 was 

calculated based on the formula. Patients with diagnosis of 

osteomyelitis, peri-prosthetic infection and open fracture were 

included in the study. The patients were recruited to the study 

after due consent. Clinical history was taken and patients were 

examined, laboratory parameters (TC, ESR, CRP) were taken 

preoperatively, radiological examination was done. Patients 

were assessed with laboratory parameters (TC, ESR, CRP), 

radiographs in anteroposterior and lateral views for resorption of 

calcium sulphate and bone healing, which formed the base line 

of study patients were followed up-to 6 weeks, 3 months and 6 

months postoperatively. 

 

Surgical Procedure 

Depending upon the diagnosis of the conditions like 

1. For open fracture with bone loss with or without established 

infection. 

2. Established infections after primary fixation of the open 

fracture or closed fracture (periprosthetic postoperative 

infections) 

3. Acute or chronic osteomyelitis. 

 

Thorough preoperative evaluation/investigations were done in 

terms of hematological, microbiological and radiological 

examinations. 

The aim of the treatment protocol was to find the usefulness of 

local use of antibiotic (vancomycin) impregnated calcium 

sulphate beads to prevent, eradicate infection and to aid wound 

healing process, to help [in healing of bony defect and fracture 

union with the help of systemic or oral antibiotics in 

combination in the treatment of open contaminated fractures, 

established postoperative (periprosthetic) acute infections, acute 

or chronic osteomyelitis]. 

 

  
 

Calcium Sulphate Beads Preparation Kit 

 

The Treatment Protocol: We used Synthetic calcium sulphate 

available in market- 5 to 10 grams of calcium sulphate in 

addition to 1 gram of vancomycin powder mixed with the 

solvent and moulded into small pellets which were plaCED at 

the site of the infection, bone void formed at the fracture site and 

also in cases of osteomyelitis. 

1. Surgical debridement of the wound, includes resection of 

the soft tissues, thorough curettage, full wash, prevention of 

vascularity in open fracture, filling the defect formed due to 

bone loss with calcium sulphate with or without PMMA 

antibiotic loaded cement and internal fixation with plate and 

screws.  

2. In few cases of open wound with severe bone loss, primary 

stabilization of the fracture with external fixator and 

thorough surgical debridement, filling the defect formed 

with calcium sulphate augmented with 1 gm of vancomycin, 

covering the soft tissue defect with vascularized muscular 

flaps or split skin graft to aid in healing. 

3.  In cases with acute periprosthetic infections formed 

immediately after primary fixation, treatment with 
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debridement, retention or removal of implant depending on 

the radiological signs, excision of the infection tract, 

removal of potential causes for local infections in 

combination of systemic antibiotics for longer duration. 

4.  In cases of acute or chronic osteomyelitis, drainage of pus, 

debridement, curettage of the infected bone or soft tissue 

filling the defect formed with antibiotic loaded calcium 

sulphate beads and culture sensitive systemic antibiotics for 

longer duration.  

 

Post - Operative Protocol 

Postoperatively hematological investigations such as CBC, ESR, 

CRP at 3 weeks,6 weeks, 3 months and 6 months. Patient were 

again clinically evaluated to check the surgical wound and signs 

of infection. Local examination of the operated site to notice any 

discharging pus or fluid. Postoperatively regular wound 

inspection and dressings were done, parenteral antibiotics were 

given initially and then oral antibiotics as per the culture and 

sensitivity of the antibiotic to the particular organism with anti-

inflammatory analgesics for more symptomatic relief. 

Postoperative radiographs were taken to rule out any infection, 

resorption of calcium sulphate and radiological signs of bone 

healing reconstruction and stability at the operated site. Then 

mobilization started with the definitive fixation methods for 

fractures and supportive measures for other infections. 

 

Results 

 

  
 

Pus draining out  calcium sulfate + 1 g vancomycin applied 

 

  
 

6 months follow up  healed wound at 6 weeks followup 

 

28 cases were included in our study, all were classified into 

various types depending on the condition, there were 6 cases of 

osteomyelitis, 11 cases of periprosthetic fracture, 10 cases of 

open fracture and 1 case of de-gloving injury to the left leg. All 

the cases were evaluated preoperatively, underwent surgical 

procedure with application of 1 gm of vancomycin impregnated 

calcium sulphate pellets. All the cases were followed up for 6 

months except 1 case, who expired in the course of time due to 

medical co-morbidities. We achieved good result in 25 cases. 2 

cases went into failure.  

In 10 cases of open fractures we achieved 100% control in 

infection rate, in 8 cases we were able to notice good bone 

healing, 2 cases went for further reconstructive surgeries. In 1 

case of open fracture we used antibiotic loaded PMMA cement 

spacer to fill the bony defect formed at the time of trauma due to 

bone loss, along with calcium sulphate augmenting the internal 

fixation and primary closure at the primary stage, in 2nd stage we 

removed the cement spacer. And other case of compound 

fracture distal end of femur and proximal tibia which was fixed 

with external fixator, muscle pedicle graft and skin graft was re-

operated after total control of infection for realignment of the 

fracture fragment in further stage.  

In 11 cases of peri-prosthetic infection 9 cases were successfully 

recovered within the time period of 6 months in addition to the 

antibiotics given for longer duration. Wounds were completely 

healed with further signs of inflammation. 1 case of peri-
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prosthetic infection of postoperative Total Knee Arthroplasty 

went into failure due to resistant organism to antibiotics, which 

further require surgery implant removal+ antibiotic loaded 

PMMA cement spacer application and covering the soft tissue 

defect formed over the knee with rotational musculocutaneous 

flap. 1 case of periprosthetic infection has implant loosening due 

to accidental weight bearing few days after postoperatively, 

which was treated with cylinder cast for additional stability. 

1 case went into failure and expired in the course due to medical 

co-morbidities and septicemia developed in the patient. 

6 cases of osteomyelitis were followed, 1 case of tubercular 

osteomyelitis showed complete recovery after 6 months of AKT 

in adjunct to surgical debridement and vancomycin impregnated 

calcium sulphate application. 4 others cases of osteomyelitis 

showed good recovery till the time of their follow up. 1 case of 

osteomyelitis of calcaneum went into failure, due to 

uncontrolled diabetes and peripheral vascular disease which 

required amputation. 

laboratory parameters with statistical significant P values in 

cases of osteomyelitis, peri-prosthetic infection, open fracture 

was seen in TC, ESR and CRP are as follow, osteomyelitis 

(0.016, 0.011, <0.001) Peri-prosthetic infection (<0.001, 

<0.001,<0.001) and in open fractures(<0.001, 0,003,<0.001) 

were noted.  

Over all in most of the cases wound healing was good with no 

signs of inflammation and infection. Most of the cases of open 

fractures and postoperative peri-prosthetic infection showed 

good bone healing in average time period of 6 months (range 4- 

9 months). Re-sorption of calcium sulphate pellets was evident 

in average 6 weeks (range 3 weeks- 3 months). 3 cases had 

serous drainage following the implantation of the calcium 

sulphate pellets, in those cases wound healing was observed in 3 

weeks. 

 

  
 

Bar Graph Depicting the Total Count and Esr Count 

 

  
 

Bar Graph Depicting the CRP Count and Calcium Sulphate Resorption Time 
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Discussion 

Treatment of open fractures is challenging and, in few cases, it is 

difficult to salvage the limb also. The mode of fracture fixation 

has changed to internal fixation from external fixation which is 

quite evident in recent years, which as shown great results. 

However, infection is the most common thing associated with 

open fractures followed by nonunion and mal-union. These 

things should be tackled in such a way to reduce the risk at the 

time of primary surgery itself. The importance of antibiotics is 

very much evident in orthopaedic practice, initial doses of 

intravenous antibiotics play important role in controlling the 

infection. Antibiotics alone have been associated in decreasing 

the incidence of infection from 13.9 to 2.3% but high doses of 

systemic antibiotics and longer duration of treatment required to 

get sufficient local antibiotic level at the site of infestation for 

eradication of the infection. Local delivery system of antibiotics 

with the use of Calcium sulphate and other bone graft substitutes 

as a biodegradable and biocompatible material has shown great 

results in few of the studies done in the past. Use of Calcium 

sulphate could avoid the potential complication of infection and 

helps in new bone formation due to its osteo-conductive 

properties.  

Cai X et al. [23] studied on 28 patients of open fracture of long 

bone, which were treated with internal fixation evaluated bone 

healing and absorption of calcium sulphate. 26 of those patients 

followed successfully. There was no evidence of incidence in 26 

cases. Exudation was observed in 2 cases. Average resorption 

time of calcium sulphate was 1.4 months and average bone 

healing healing was 5.8 months (range 4-9 months). The study 

shows that combination of internal fixation with vancomycin 

impregnated Calcium sulphate decreases the incidence of deep 

infection. Helgeson et al. [7] reported in their study, where they 

treated 17 combat related open fractures along with antibiotic 

impregnated calcium sulphate in different bones, in 12 fractures 

with average 8.5(1-19 months) months of follow up 

demonstrated clinical and radiological evidence of fracture 

healing and consolidation.5 of the patients required amputation, 

3 for persistent infection, 2 for severe neurogenic pain. 

Zalvarus CG et al. [24] used local antibiotics in open fractures 

and osteomyelitis with bioabsorbable and nonabsorbable 

material, found local antibiotic therapy is safe technique, has 

high local concentration with minimal systemic levels and 

eliminate the need for reoperation and removal. Kelly CM et al. 
[36], in their study on 109 patients with bone defects occurred due 

to trauma, peri-prosthetic bone loss, tumor or fusion. Only 

Calcium sulphate alone was used. In their follow up of 12 

months, they noted 99% of the calcium sulphate was absorbed in 

6 months, 88% of the defect was filled with trabeculated bone. 4 

cases shown complications. 

In our study of open fractures where 10 cases were studied, 

which were treated with internal fixation and antibiotic loaded 

calcium sulphate application, all cases had complete calcium 

resorption by 3 months with average resorption time of 6 weeks, 

8 of the cases of open fracture showed complete union by 

average 6 months (range 5-9 months), where 2 cases were re-

operated for corrective surgeries, 1 case with realignment of the 

facture fragment. Other case was operated with vascularized 

fibular graft for bony defect in femur. All of the treated fracture 

cases showed complete wound healing. Thus our study 

simulated the above mentioned studies that antibiotic loaded 

Calcium sulphate helps in infection control and new bone 

reconstruction in open fracture cases when treated well. 

Peri-prosthetic joint infections are challenging in orthopaedic 

practice, eradication of complete infection is difficult, also 

requires long term follow up. It can be a potential threat to the 

limb or life of the patient. Edward J Mc Pherson et al. [35] in their 

study population of 250 patient where they studied on use of 

dissolvable antibiotic beads in treatment of periprosthetic joint 

infections and revision arthroplasty, used vancomycin and 

tobramycin, they found successful results in most of the cases, 

failure percentage in those cases where drainage from the 

surgical wound 3.2%, which was evident with use of higher 

volume of bead use. Heterotropic bone formation was seen in 

1.2% cases. Out of 250, only 9 has failure due to infection. They 

found antibiotic loaded synthetic calcium sulphate beads are 

acceptable delivery tool for local antibiotic in cases of revision 

joint cases. 

Fleiter N et al. [33] in their study in 20 posttraumatic/ 

postoperative bone infection where they used antibiotic loaded 

calcium sulphate after radicle debridement assessed wound 

healing, infection parameters (lab parameters), resorption of 

calcium sulphate beads and bone union found sufficient active 

local levels of antibiotic and simultaneous low systemic 

exposure showed that material used was safe and showed no 

recurrence of infection.  

Toms AD et al. [22], in 3 years of their study on 140 total hip 

arthroplasty patient, found infection rate in 7-16% who 

underwent revision found that increased level of 

ESR(erythrocyte sedimentation rate/hour)>30 and CRP(C 

reactive protein.)>10mg/l, have probability of infection rate in 

83%cases, and when both are negative infection may be reliably 

excluded. 

In our study of 11 cases of peri-prosthetic infections 9 cases 

were treated successfully which was evident with the lab 

parameters, TC, ESR, CRP, and clinical signs of infection for 

the period of 6 months, which is comparative with most of the 

above studies. 2 cases went into failure, 1 patient required 2 

stage 2nd revision surgery and 1 patient lost in the follow up due 

to death.  

Osteomyelitis remains as a challenge despite developmental 

advances in antibiotics and surgical techniques good cure can be 

achieved with antibiotic therapy in most of the cases of acute 

osteomyelitis but should be diagnosed early. The treatment of 

chronic osteomyelitis is surgical with antibiotic therapy in 

addition. Surgical debridement can give good results when 

treated in combination with local antibiotic when used with bio-

absorbable and non-absorbable material augmented with 

antibiotics. Bone graft substitutes can also aid in achieving good 

results. 

Mc Nally et al. [34], studied on 100 cases of osteomyelitis, 81 

cases following injury and surgery, cases were followed average 

19.5 months (range 12-34 months). In 96 patients infection was 

eradicated with single stage procedures, 4 cases had recurrence 

which were successfully managed in 2nd surgery, adverse effects 

were noticed as fractures in 3 cases, 6 wound leaks and 3 

unrelated deaths, concluded that single stage surgical protocol 

along with absorbable local antibiotics is effective and offers 

patient friendly treatment. 

Yan RJ et al. [28], in single stage compound grafting of antibiotic 

impregnated calcium sulphate and autologous cancellous bone 

for the treatment of chronic osteomyelitis in 52 cases in period 

of 2 years and followed them for average 2.8 years (2-3.8yrs) 

noticed primary healing was achieved in 52 cases, 2 cases went 

into recurrence. Bone repair was gained in 1.5-3.5 months (avg 

2.5 months), complete radiological absorption of calcium 

sulphate in 1.2 to 3 months (avg 2.2 months), persistence of 

drain was in 10 cases for 2 to3 months. Mean Maryland score 

was 88.15+/-7.70. There were excellent results in 32 case, good 
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in 14 and fair in 6 cases. 

Ferguson et al. [32], in their study population of 193 patient of 

osteomyelitis, who underwent surgical debridement and bio-

absorbable calcium sulphate antibiotic carrier, where they 

reviewed to determine rate of infection, filling of bone defects 

and wound healing. In the different study groups they found that 

infection was settled in almost all cases, prolonged oozing noted 

in 30 cases, there was no evidence of recurrent infection. Defect 

formed after debridement with no healing in 67(36.6%), partial 

healing in 108 (59%) and complete healing (4.4%) which shows 

variability in bone defect filling. 

In our study, 6 cases of osteomyelitis was included, 5 cases did 

show good results in terms of wound healing, average calcium 

sulphate re-sorption was 6 weeks (3weeks to 3 months), new 

bone formation was evident in average 6 months(5-9 months). 1 

patient underwent amputation due to uncontrolled diabetes and 

peripheral vascular disease comparable with above mentioned 

studies. 

 

Conclusion 

In the study we conducted, we found that Antibiotic 

impregnated Calcium sulphate plays an important role in 

tackling the infection when used locally at the site of infection, it 

helps in bone healing. The short term results are favourable but 

requires long term follow up to evaluate the effectiveness of the 

locally used Calcium sulphate in eradication of infection in long 

run. 

 

Recommendations 

We recommend the use of calcium sulphate impregnated with 

antibiotic for local delivery of the drug in cases such as peri-

prosthetic infections, osteomyelitis and open. 
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