
The Results of Synthetic Pure Calcium Sulfate Impregnated 
with Antibiotic in the Management of Bone Infections and 

Non-unions

Background: The problems in treating bone infections and non-unions of the bone continue to plague orthopedic practice. The 
authors present a retrospective analysis with the purpose of evaluating the outcome of infections and non-unions treated with 
antibiotic-impregnatedcalcium sulfate (AICS).
Materials and Methods: We assessed the outcomes of 25 patients who were operated between May 2014 and May 2017 for 
osteomyelitis (9) and long bone non-union (16). Each patient underwent a standard surgical procedure as the situation demanded, 
along with instillation of AICS into the defect. The outcomes measured were the presence of infection and union.
Results: At 1-year follow-up, 8 (88.89%) of the osteomyelitis patients showed good radiographic healing and no recurrence, while 
one had a relapse of osteomyelitis. Fourteen (87.5%) of the non-union patients had successful union, while persistent non-union 
developed in twopatients. Twenty-three (92%) patients had returned to full independent activities of daily living, including 19 who 
had returned to unrestricted leisure activities and pre-operative employment status.
Conclusions: We report the results of the use of AICS in our series, which showed high union rates and eradication of infection. 
Our experience shows that the use of AICS offers numerous advantages and promises in treating these conditions, which merit 
further study.
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Introduction
Despite recent advances, the difficulties 
involved in the management of bone 
infections and non-unions continue to 
plague the practice of orthopedics. 
Numerous studies have shown that 
5–10% of all long bone fractures develop 
delayed union or non-union [1]. This 
imposes an economic burden on the 
patient as well as society due to the 
disability that it entails. This disability 
may be due to pain,  st i f fness,  or 

instability of the limb [2, 3]. The 
importance of mechanical stability and 
biological environment at the fracture 
site has been extensively studied, and 
inadequacies in either or both of these 
aspects predisposes to non-union [1]. To 
a certain extent, the mechanical stability 
of the fracture is a modifiable variable, 
depending on the competence of the 
operating surgeon and hardware used. 
However, the biology at the fracture site 
cannot be influenced as easily, especially 

in the case of open fractures. 
The issues with open fractures 
are loss of fracture hematoma, 
p o o r  b l o o d  su p p l y,  l o c a l 
infect ion,  and bone loss , 
leading to osseous defects. 
While the latter influences both 
m e c h a n i c a l  s t ab i l i t y  a n d 

biology, the former three primarily 
affects the biological environment at the 
fracture site. Of notable importance in 
managing non-unions, especially those 
with osseous defects, is the use of 
autograft. This, however, is limited by the 
quantity and donor site morbidity [4]. 
This led to the development and use of 
medical-grade calcium sulfate (CS). CS 
fac i l i tates  osseous  heal ing  in  an 
osteoconductive fashion by filling the 
bone void and preventing fibrous tissue 
ingrowth. With time as the CS is 
absorbed, fibrovascular tissue takes its 
p l a c e  a n d  e v e n t u a l l y  a l l o w s 
neovascularization and bone formation 
within the area [1]. Besides, this CS has 
a l s o  b e e n  s h o w n  t o  e x h i b i t 
osteoinductive properties [5, 6].
Another interesting property of CS 



delivery systems is its ability to combine 
with most antibiotics. There is little 
temperature increase during setting, so 
they have the capacity to accommodate a 
wide range of antibiotics. As they slowly 
dissolve, there is a sustained release of 
antibiotics over a period. CS beads do not 
require a second surgery for removal, as 
they get absorbed overtime. This 
contrasts with the use of polymethyl 
methacr ylate (PMMA) beads and 
spacers, which necessitates removal. On 
occasion, the PMMA system may even 
serve as a nidus of infection once the 
antibiotic is completely eluted [7, 8, 9]. 
These advantages of CS make it a better 
alternative to PMMA-based systems. 

Dead space management, so pivotal in 
the treatment of chronic osteomyelitis, 
can be af forded by an antibiotic-
impregnated (AI) CS carrier [10], 
making it amenable to use in the 
treatment of osteomyelitis [11].
The aim of our study was to evaluate our 
experience with AI synthetic pure CS 
(AICS). Our objectives were, first, to 
evaluate the eradication of infection in 
cases  of  infected non-union and 
osteomyelitis and, second, to evaluate 
union rates in cases of delayed unions and 
non-unions.
Materials and Methods
IIn this case series, 25 patients who had 
u n d e r g o n e  s u r g e r y  f o r  e i t h e r 
osteomyelitis or non-union with or 
without osseous defects, involving the 
use of AICS, between May 2014 and May 
2017 were selected retrospectively.
Written informed consent was obtained 
from each patient. Following this, the 
patient underwent a standard surgical 
procedure as the situation demanded, 
that is, osteomyelitis or non-union. A 
tourniquet was used where feasible. 
Patients with osteomyelitis underwent 
surgical debridement and lavage. Those 
w i t h  n o n - u n i o n  u n d e r w e n t 
debridement, correction of alignment, 
rotation, and length along with revision 
inter nal  or  ex ter nal  fi x at ion and 

autologous iliac crest bone grafting.
All the surgeries were supplemented by 
instillation of AICS beads (Stimulan® kit, 
Biocomposites Ltd., Staffordshire, 
England) into the defect. These beads 
were prepared using the standard 
technique described on the supplied kit. 
The antibiotics  used were either 
vancomycin (1 g) or gentamicin (240 
mg). The volume of AICS used (either 5 
or 10 cc) was determined by the size of 
the defect or area of the nonunion. Bone, 
for culture studies,  was col lected 
intraoperatively, before Stimulan® 
insertion.
Postoperatively, the patients with overt 
and suspected infect ion received 
empirical antibiotic therapy until culture 
and sensitivity pattern was established, 
following which they received specific 
parenteral antibiotics for 3 weeks 
following surgery. Clean cases received a 
p a r e n t e r a l  s e c o n d - g e n e r a t i o n 
cephalosporin till post-operative day 5. 
Surgical site dressings were performed 
on post-operative days 2, 5, and 14. 
Sutures were removed on post-operative 
day 14. Wounds that had not healed in 
such time warranted delayed suture 
removal. The patients were followed up 
regularly after suture removal for the 
progress of bone healing and recurrence 
of infection, for up to a year.
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Figure 1: Pie chart depicting distribution 
of cases (Total=25).

Figure 2: Imaging in a case of acute osteomyelitis proximal tibia in 
a 33-year-old female: (a) Pre-operative magnetic resonance 
imaging showing an intramedullary collection in the proximal 
tibia. (b) Post-debridement and Stimulan® insertion (immediate 
post-operative). (c) Post-debridement and Stimulan® insertion (6-
monthpost-operative) showing absorption of Stimulan® and 
resolution of the defect.

b
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The outcomes measured were union and 
presence of infection. Union was defined 
as bridging of three of four cortices on 
two orthogonal radiographic views [12], 
while the infection was assessed clinically 
(discharge, er y thema, and wound 
c o m p l i c a t i o n s ) .  E r y t h r o c y t e 
sedimentation rate (ESR) (normal range 
as per the hospital protocol – 0–10 
mm/h) was used to monitor the response 
to treatment. These parameters were 
assessed at the time of follow-up in the 
clinic.
Results
Of the 25 patients, 20 were male while 
five were female. The mean age was 39.4 
years. The distribution of cases is 
depicted in Fig. 1. There were two cases 
of acute osteomyelitis while seven cases 
were chronic. Among the 16 patients 
with non-union, 12 (75%) patients had 
an infected non-union, whi le the 
remaining four had aseptic non-union.
The microorganism culture profile of the 
patients is depicted in Table 1. Among 
the 25 patients, 18 (72%) grew an 
organism on culture, while the remaining 
28% were culture negative. Methicillin-

resistant Staphylococcus aureus was the 
most common isolate overall.
Of the nine osteomyelitis cases, 8 
( 8 8 . 8 9 % )  pat i ent s  s h owed  go o d 
radiographic healing of the bony defect 
and resolution of infection at a mean 
period of 4.1 months (range, 3–8 
months) after surgery (Fig. 2), with no 
recurrence at the end of 1 year. The mean 
ESR of these patients at the end of 1 year 
was 5.78 mm/h. However, one patient 
returned with relapse of osteomyelitis 
(ESR=20 mm/h at the end of 1 year) of 
the femur, for which sequestrectomy and 
Stimulan® insertion were repeated after a 
year.
There were 16 patients with non-union. 
The femur shaft was most commonly 
involved among these (Table 2). 
Fourteen (87.5%) patients had evidence 
of union at an average of 3.75 months 
(range, 2–8 months) after surgery (Fig. 
3). Persistent non-union developed in 
two patients at the end of 1 year, which 
needed further debridement and repeat 
Stimulan® insertion. Each of the 14 
patients who had successful union 
achieved healing with an acceptable 

alignment at the end of 1 year. Average 
knee range of motion (ROM) for 
patients with tibial and femoral non-
union was 100° (range 0–120°). Average 
ankle ROM of patients treated for a tibial 
non-union was 5° dorsiflexion and 35° 
plantar flexion. Average shoulder range of 
abduction was 80° and elbow ROM was 
85° for patients with humerus non-
union. The average wrist ROM was 20° 
extension and 50° flexion for the patient 
with distal radius non-union.
Twenty-three (92%) patients had 
returned to full independent activities of 
daily living, including 19 who had 
returned to unrestricted leisure activities 
and pre-operative employment status 
and four patients who sought vocational 
rehabilitation. Two patients remained 
unemployed.
Discussion
Infection and non-union are t wo 
complications that continue to persist in 
orthopedic practice worldwide and their 
management remains challenging. 
Through our case series, we attempted to 
study the effects of the use of AICS in 
bone infection and non-union.
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Figure 3: Healing of infected non-union tibia in a 66-year-old 
male: (a) Post-debridement and Stimulan® insertion (immediate 
post-operative). (b) Post-debridement and Stimulan®insertion 
(4-monthpost-operative)showing absorption of Stimulan® and 
healing at the fracture site. (c) Post-debridement and Stimulan® 
insertion (1-year post-operative)showing union.



  Journal of Karnataka Orthopaedic Association  Volume 7  Issue 2  May-Aug 2019  Page 22-2625| | | | |

In the case of chronic osteomyelitis, 
p e r s i s t e n c e  o f  i n f e c t i o n  a f t e r 
debridement is common due to poor 
dead space management and resistant 
organisms. The former is typically 
addressed by  mult iple  fol low-up 
procedures, including redebridement, 
myoplasty, antibiotic bead instillation, 
and bone grafting. It has been shown that 
local antibiotic instillation into the 
infected osseous defect is better than 
systemic antibiotics at 14 days after 
surgery [13]. However, PMMA-based 
carriers persist in the defect after 
complete elution of the antibiotic and 
hence may serve as a nidus for infection, 
with the possibility of turning into 
sequestrum [7, 8, 9, 14]. Thus, these 
require a second surgery for their 
removal. AICS offers a good option for 
one-stage treatment of infected dead 
space. In a prospective study by McNally 
et al. [10], 100 patients with Cierny-
Mader Type III and Type IV chronic 
o s te o my e l i t i s  w e re  t reate d  w i t h 

debridement and gentamicin-loaded 
CS/hydrox yapatite  biocomposite 
instillation into the defect as a single-
stage procedure. They reported 96% 
eradication of infection at 1-year follow-
up. This protocol also delivered low 
recurrence rates with few reoperations or 
complications over a 1–3-year follow-up 
period. McNally et al. used a composite 
of CS along with hydroxyapatite because 
bone formation in the defects caused 
after excision of infected bone is 
unreliable, with pathological fractures 
occurring in 5–8% of patients [15, 16]. 
Drampalos et al. [17] described the Silo 
technique, a novel procedure for the 
treatment of calcaneal osteomyelitis. 
They too used a composite of AICS and 
hydroxyapatite, with good results. In 
another study, Badie and Arafa [18] used 
AICS along with bone marrow aspirate 
into the defect, with good results. The 
supposed rationale of using bone marrow 
aspirate was to provide an osteoinductive 
and osteoconductive environment that 

might compensate for the relatively low 
o s t e o i n d u c t i v e  a n d  o s t e o g e n i c 
properties of CS. However, we did not 
report any pathological fractures in the 
patients with osteomyelitis. This is likely 
b e c a u s e  t h e  b o n e  d e f e c t s  a f t e r 
debridement in our patients were not as 
large as the ones described by McNally 
and Badie.
A predisposition to developing non-
union is the absence of a favorable 
mechanical and biological environment 
at the fracture site. Historically, the 
treatment of non-union has revolved 
around debridement of non-viable tissue, 
application of vascularized soft tissue, 
bone grafting, and skeletal stabilization 
[19, 20]. Autologous bone marrow 
stromal cells have also been used at the 
non-union site [21]. Borrelli et al. [1] 
described the success of a protocol 
involv ing operative stabi l izat ion, 
correction of deformity, and bone 
grafting using a mixture of iliac crest bone 
graft and medical-grade CS. With this 
protocol, 85% of their patients achieved 
healing after one surgery and two 
additional patients achieved union after a 
second surgery for an overall success rate 
of 92%. Using a similar protocol for 
treating non-unions, 87.5% of our 
patients achieved union at the end of 1 
year, with the rest requiring a second 
surgery. Masrouha et al. achieved union 
in their case series (13 cases of infected 
non-union) at an average of 5.5 months, 
without the use of systemic antibiotics 
[22]. The average time to union in our 
study was 3.75 months with a course of 
parenteral antibiotics for 3 weeks 
following surgery. Thus, we postulate 
that the protocol we described for non-
union leads to union in a shorter period.
There is no doubt that aggressive 
debridement for chronic osteomyelitis 
and infected non-union is the mainstay of 
treatment. However, AICS has proven to 
be an important adjunct. This is due to 
the osteoinductive, osteoconductive, and 
osteogenic properties of CS [16]. 
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Location

Femur	shaft

Tibia	shaft

Humerus	shaft

Distal	radius

Number	of	patients	(%)

9	(56.25)

3	(18.75)

3	(18.75)

1	(6.25)

Table 2: Anatomic distribution of non-union cases (16 

non-unions)

Organism
Number of patients 

(%)
Methicillin-resistant	Staphylococcus	aureus	

(MRSA)
6 (24)

Methicillin-sensitive	Staphylococcus	aureus	
(MSSA)

4 (16)

Pseudomonas	aeruginosa 3 (12)

Klebsiella 2 (8)

Coagulase-negative	Staphylococcus	aureus 1 (4)

Mycobacterium	tuberculosis 1 (4)

Skin	commensals 1 (4)

Table 1: Microorganism culture profile of patients in the study
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Addition of an antibiotic to the CS elutes 
a higher concentration of antibiotic 
locally, thus making AICS an important 
c o m p o n e n t  i n  t h e  a r s e n a l  o f  a n 
orthopedician against osteomyelitis and 
infected non-unions.
We appreciate the limitations of our 
study, including its retrospective nature, 
small heterogeneous sample size, and 
short-term follow-up. Despite these 
shortcomings, this protocol using CS as a 

bone graft extender and as an antibiotic 
d e l i v e r y  s y s t e m  s e e m s  s a f e  a n d 
efficacious in the treatment of infected 
non-unions, non-unions associated with 
osseous defects, as well bone infections. 
Randomized control trials with long-
term follow-up would be most reliable for 
drawing up evidence-based conclusions 
and recommendations for the use of 
AICS.

Conclusions
We report the results of the use of AICS in 
a series of 25 cases of bone infection and 
non-union. The results of our study 
showed high union rates and eradication 
of infection. Our experience shows that 
the use of AICS offers numerous 
advantages and promises in treating these 
conditions, which merits further study.
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