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of antibiotic-loaded calcium sulphate and bone marrow aspirate
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Abstract
Purpose To report our experience with one-stage treatment of chronic osteomyelitis using a prospective protocol involving the
concomitant use of the antibiotic-loaded calcium sulphate pellets with addition of bone marrow aspirate after bony debridement.
Patients andmethods A total of 30 patients with the mean age of 26.2 years were treated according to a protocol that included (1)
surgical debridement of bone and infected tissues, (2) local antibiotic therapy including vancomycin and garamycin loaded on
calcium sulphate space filling biodegradable pellets, (3) bone marrow aspirate added to the biocomposite, (4) primary closure
with external fixation (when needed) and (5) intravenous antibiotics according to culture and sensitivity results.
Results After a minimum of one year follow-up, infection was eradicated in 23 (76.7%) patients, the average rate of filling of the
bony defect was 70.47%, complete filling of defect in 15 patients (50%) and pathological fracture in one patient.
Conclusion The technique proved safety and efficacy in eradicating the infection and bony healing of the defects after debride-
ment. Simple bone marrow aspiration is cheap, reproducible, safe and not exhausting the scanty autograft resources.
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Introduction

Chronic osteomyelitis (chronic OM) is one of the oldest
known diseases. Despite of the recent technologies and ad-
vances in microbiology and surgery, there is no general agree-
ment on a single treatment strategy in the present time. This
may be explained by the great variability of the offending
organisms, clinical presentation, patients’ health status and
the extent of bone/soft tissue involvement [1].

However, the role of surgical debridement is not a matter of
debate. The major concern is the reliable safe antibiotic erad-
ication method of the residual germs [2]. The desired minimal
inhibitory concentrations (MIC) when intravenous antibiotics
are used may reach out toxic levels putting the hosts’ health at

risk [3]. The principle of using locally acting antibiotics was
developed as a solution that keeps desirable tissue antibiotic
levels without threatening the hosts. Those antibiotics need a
local carrier that is needed to maintain early and lengthy elu-
tion levels enough for bacterial elimination and prevention of
biofilm formation [4–6].

Different kinds of carriers were tested both in vitro and in
vivo. A widely used example is the polymethylmethacrylate
(PMMA) that was used in different forms of eluting antibi-
otics. The major disadvantages were the late start of antibiotic
release, low local concentrations of eluted antibiotics, the need
for at least one additional surgery for its removal and bone
grafting and the absence of any osteo-conductive potentials [7,
8].

More recently, biodegradable ceramic carriers were used to
fill the bony voids and provide an osteo-conductive potential
for subsequent healing of the osseous defect as they dissolve
away [9]. Currently, many manufacturers provide these
biocomposites commercially with encouraging results pub-
lished in the literatures. However, there is still a risk of post-
operative fractures ranging from 5 to 14% specially when
larger bone voids remained after debridement [10] . The inci-
dence of these fractures could be partly explained by the initial
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instability as a result of the radical excision of infected bony
segments, but the absence of any osteo-inductive or osteogen-
ic properties of these biocomposites is another issue that may
have an impact [9].

We hypothesized that the controlled addition of bone mar-
row aspirate to the antibiotic-loaded carrier in the first surgery
may provide some osteo-inductive and osteogenic capabilities
and decrease the chance of the secondary procedures. As a
result, there will be a decrease in the patients’ withdrawal
before the secondary surgery and in the overall costs. Even
if union cannot be achieved, the patients’ autogenous bone
graft stock will be available for open grafting when the infec-
tion is controlled.

Materials and methods

Between January 2014 and February 2016, a prospective
study including 30 cases of long bone chronic OM was per-
formed in our institute. Power analysis was carried out in
advance and the study protocol was reviewed and approved
by our institutional review board. All patients provided their
written informed consents to participate in this study.

The mean age of the study population was 26.2 years
(range 17–53). Twenty-five patients were males, 26 living in
rural areas and almost 50% of the patients were smokers (16
out of 30). Nineteen of our patients had infection lasting for
more than one year. The affected bones included ulna in one
patient, radius in two patients, humerus in two patients, femur
in 11 patients, and tibia in 14 patients.

For all patients, we used dissolvable antibiotic-loaded cal-
cium sulphate (CaSo4) hemihydrate beads that is known com-
mercially as Stimulan Rapid Cure®, a product of
Biocomposites, Ltd., Keele, UK. The antibiotic-loaded beads
were used along with fresh bone marrow aspirate from the
iliac bone to fill the resultant bony defect after debridement.
We aimed for a single procedure for all patients.

Eligibility criteria

We included adult patients of both genders suffering from
chronic OM. Chronic OM was defined as having symptoms
for a minimum of six months with clinical and radiological
features accompanied by at least one of the following: the
presence of a sinus, an abscess or intra-operative pus, positive
histopathology or two or more positive microbiological
cultures.

The cause of infection was maltreated acute hematogenous
OM in 17 (56.7%), infected internal fixation in six (20%),
open fracture in five (16.7%) and internal fixation of open
fracture in two (6.7%).

We excluded patients with segmented OM (Cierny-Mader
class IV), infected non-unions, diabetic foot infection and un-
fit patients (Cierny-Mader class C hosts) [11].

All those patients were planned for debridement,
saucerization and sequestrectomy (±metal removal, soft tissue
coverage). The resultant bone voids were presumed as stable
(Cierny-Mader class I–II–III).

Pre-operative assessment

In all patients, full detailed history stresses on the risk factors
that accompany or affect chronic infection such as the nature
of previous interventions, smoking and malnutrition. Culture
and sensitivity were obtained before surgery. One half of the
study population had Staphylococcus aureus. The cause of
infection and the bacterial culture of the study groups are
shown in (Table 1).

Laboratory markers of infection were obtained in each
follow-up visits to monitor the patients’ recovery.
Radiologically, we performed rays and CT scans for all pa-
tients to localize the unhealthy bone segment(s) in need for
excision.

Operative procedure

1. The area of osteomyelitis is approached surgically with a
longitudinal incision. Standard surgical approaches were
made down to the bone. The area of the osteomyelitis was
completely exposed by either removal of a cortical win-
dow with an osteotome after multiple drill holes or saw-
ing. Multiple deep intra-operative samples were taken

2. Surgical debridement excising all the dead bone till
reaching bleeding surfaces, carefully avoiding excessive
excision compromising the stability. Irrigation with nor-
mal saline was done copiously

3. Changing of all the drapes and gloves was done next to
saline wash

4. Preparation of Stimulan Rapid Cure beads:

We utilized pure, synthetic neutral pH balanced CaSo4
hemihydrate. The used kit included 10 cc (20 g) of calcium
sulfate, two mixing solution bulbs, one syringe, one pellet
mold and one spatula. Firstly, 2 g of vancomycin powder
was added to 10 cc (20 g) of calcium sulfate and the two
powders were well mixed. Secondly, the mixture was then
added to three of liquid garamycin (80 mg each) in the plastic
mixing bowl provided with the kit. Then, the ingredients were
mixed for 30 seconds until becoming Bdoughy .̂ The paste
was then applied with a spatula into a silicone bead mold
and left to set for ten to 15 minutes. Once set, the beads were
harvested and kept in a sterile container until used. Properties
of CaSo4 allow rapid elution of antibiotics in parallel to creat-
ing rapidly resorbing osteo-conductive scaffold
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5. Bone marrow aspiration using a wide-pore needle or epi-
dural needle into heparinized syringe. It was either poured
by the syringe over the beads or mixed with the beads in a
sterile container.

6. Fill the bony void just before closure
7. Soft tissue coverage: in all of our cases except three cases

of debriding tibial osteomyelitis, flap coverage was done
with the help of plastic surgery colleagues

8. External fixation (when needed)
9. Closed suction drain was left for 48 hours to minimize the

incidence of haematoma or seroma formation
10. Antibiotics were stopped two weeks before surgery.

Intravenous antibiotics were initiated immediately be-
fore surgery according to culture and sensitivity result,
continued for six weeks postoperatively if there is no
contraindication (Fig. 1a–g)

Post-operative follow-up

All patients were followed up for 12months at least. Failure of
the procedure was recognized as the need for debridement due
to non-resolving infection and/or post-operative fracture with
the need of bone grafting.

Patients were monitored by clinical examination, X-rays,
erythrocyte sedimentation rate (ESR) and C-reactive protein
(CRP) every three months for one year. In cases of lower limb
OM, The limb is appropriately protected with crutches for six
to 12 weeks until adequate bone repair is evident in follow-up
X-rays.

The bony defect size was measured on the immediate post-
operative radiographs in the standard anteroposterior and lat-
eral views (Fig. 2). The residual defect was measured from
edge to edge, and maximum dimensions were estimated. The
defect volume, in cubic centimetres, was calculated and re-
corded in each follow-up visit by a single observer (MSA) as a
measure of osseous repair [12].

Outcome measures

The primary outcome was eradication of infection at a mini-
mum of one year after surgery. The criteria for infection erad-
ication were clinical, radiological and laboratory. At least
one year absence of any signs of recurrent infection (pain,
redness, hotness and sinus formation) in conjunction with
normalization of ESR and absence of any radiological signs
of osteomyelitis was considered as Bcured^.

Failure of treatment was defined as recurrent infection
proved by positive markers or cultures, recurrent sinus forma-
tion or further surgery performed for debridement. Secondary
outcomes were the osseous repair rate, the need for bone
grafting procedure and the incidence of pathological fractures.

Data management

Regarding sample size declaration, power analysis using the
infection recurrence rate as a parameter revealed that a mini-
mum of 30 patients would be required to reach significance,
given an expected recurrence rate of 5%, a confidence level of
95%, an alpha level of 0.05 and a power set at 80% [13].

Data were collated using Microsoft Excel spreadsheet
(Redmond, Washington) and analysed with SPSS v16 (SSPS
Inc., Chicago, IL). Patient data were regarded as non-
parametric and groups were compared using the chi-square
test for low frequency variables. Odds ratio was calculated
for all categorical predictors examined as a measure of asso-
ciation. A p value of < 0.05 was considered significant.

Results

In our series, after a minimum follow-up of one year, there
was no recurrence of infection (clinically and laboratory) in
23 patients (76.7%) with complete wound closure in 25 pa-
tients (83.4%). The two patients who have closed wounds
are considered infected as there was high ESR along with

Table 1 Causative organisms
versus aetiology in the study
group

Bacterial culture Haematogenous
OM

Open fracture Internal fixation
of open fracture

Infected internal
fixation

S. aureus 12 2 1

MRSA 2 1

Klebsiella spp. 2

E. coli 1 1

Proteus spp. 1 1

Salmonella spp. 1

Streptococcus spp. 1

Polymicrobial 1 1

No growth 1 1

MRSA methicillin-resistant Staphylococcus aureus
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pain. The surgical wounds oozed serous fluid for an average
of 10.6 days with one half of the patients oozing for more
than a week.

Regarding the risk factors related to the recurrence of the
infection, there were statistically significant relation with var-
ious factors (Table 2). Older age of patients and heavy
smoking were found non-significantly related to the recur-
rence of infection.

Complete bony void fillings were seen radiologically in 15
patients (50%) (Fig. 3), partial filling > 50% in seven patients
(23.3%) and partial filling < 50% in three patients (10%). No
filling was seen in five patients; all of them had recurrent
infection (16.7%). The overall percentage of bone repair as
evidenced by radiological defect filling was 70.47%. Mean

time for radiological resolution of CaSo4 was 10.3 weeks
(range 7–13 weeks).

We had one case of fracture in our series (Fig. 4a–f). In this
case, the debridement included removal of a long segment
along with excision of one third of the circumference of tibial
cortex and external fixator was not applied (the case was pre-
viously shown in Fig. 1).

Discussion

The priority in any strategy for treatment of chronic OM
should focus first on the eradication of infection. Osseous
repair comes next to this priority. During surgery, all surgeons

Fig. 1 a Clinical photo of a case of tibial chronic osteomyelitis with sinus
discharging pus. b Anatomical exposure of the site of infection. c
Multiple drill holes in the tibia. d Sequestrectomy with over-excision of

the affected bone. e Stimulan Rapid Cure kit. f Preparation of the pellets.
g Pellets inside the osseous defect after copious saline wash before adding
the bone marrow aspirate
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will be confronted with two major challenges: first is the man-
agement of the dead space that is created after bony debride-
ment and second is how to sterilize and decontaminate the
potentially infected surgical field. The dead space left after
surgery is an ideal environment suitable for biofilm formation;
it will be soon full of haematoma with decreased pH, oxygen
concentration and perfusion [9].

The idea of using CaSo4 as a bone substitute material dates
back to 1892 [14]. It is poorly soluble in water with compres-
sive strength comparable or even similar to spongy bone [15].
It dissolves rapidly in a period of six to 12 weeks inside bone

tissues and about one half of this duration when located in soft
tissue cover [16]. So, it provides an excellent carrier that de-
livers the preloaded antibiotics rapidly in high concentrations
that may reach 10–100 times higher than the MIC for organ-
isms during the whole dissolution time [17]. The rapid and
maintained delivery of antibiotics in sufficient concentrations
will prevent any attempt of biofilm formation. This may be the
explanation for the wide acceptance of CaSo4 usage in man-
aging the bone voids created after debriding cases of chronic
OM [18–22]. Our results of achieving 76.7% eradication of
infection without recurrence is consistent with the results of
many series that discussed the usage of CaSo4 loaded with
antibiotics. Those studies are listed in following table (Table 3).

Technically, we preferred to mix the CaSo4 with the anti-
biotics together during preparation of the pellets rather than
adding the antibiotics to the already prepared pellets. The val-
ue of this technical note is supported with the poor results
noticed in the studies that added the antibiotics after prepara-
tion of the pellets [25, 26]. The addition of the antibiotics to
the pre-formed pellets was reported to shorten the elution
times to lie between only six and ten days [26].

The first priority was achieved using a void filler capable of
delivering antibiotics throughout the whole dissolution period
in concentrations exceeding the MIC of the causative organ-
isms. There was no systemic toxicity to the host after using the
antibiotics locally.

Fig. 2 A clear example of
estimating the defect size

Table 2 Predictors for recurrent infection

OR 95% CI P value

Age 1.00 0.212–4.709 1.00

Multiple risk factors 13.7143 1.38–136.22 0.0254a

Male gender 0.375 0.053–2.68 0.33

Rural residence 0.051 0.003–1.059 0.045a

Previous debridement 13.00 0.659–56.306 0.032a

Previous internal fixation 1.429 0.316–6.461 0.643

Heavy smoking 1.00 0.212–4.709 1.00

Malnutrition 13.632 0.636–92.119 0.049a

OR odds ratio, CI confidence interval
a Significant
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The second priority is helping the osseous repair through
providing the scaffold needed for bone ingrowth. In this
aspect, calcium phosphates are superior to the CaSo4 as it
takes more time to dissolve [27–29]. Calcium phosphates
and PMMA-loaded antibiotics elute antibiotics over a long
time but in concentrations below the MIC of organisms
with the risk of biofilm reformation in such cases [9]. By
considering the eradication of infection as the first priority
before osseous repair, CaSo4 is still the best achieving the

first priority. Bony healing can be achieved later as a second
stage procedure involving bone grafting when infection
subsides.

Despite of this high value in achieving the first priority, it is
considered as a weak bone scaffold as it dissolves in three
months at maximum. This fact potentiates the probability of
having a second stage surgery for grafting with or without
internal fixation [28, 29]. However, Ferguson et al. reported
partial bone ingrowth in 59% of 195 cases when they used
tobramycin-loaded CaSo4 ceramic [21]. This finding was re-
ported also by other authors [10, 12, 23, 24]. More encourag-
ing finding was reported by Strocchi et al. who reported in
vitro increase of angiogenesis in rabbits with the use of CaSo4
in bone regeneration [30]. Based on these two research find-
ings that based on use of CaSo4 alone, we assumed that adding
bone marrow aspirate creates or enhances the proposed osteo-
inductive and osteogenic potentials to this biocomposite as a
simple method utilizing the principles of bone tissue engineer-
ing. Simplicity of the technique, concurrent use during the first
stage surgery and avoidance of exhaustion of the patients’
autogenous bone graft reserve are clear merits of bonemarrow
aspiration/injection. In addition, the patients still have their
opportunity for later bone grafting if marrow injection fails.

Bone tissue engineering, or tissue engineered bone grafts,
using bone substitutes with addition of bone marrow or its
concentrate was discussed in the literatures [31, 32]. Our study
was different in two aspects when compared to the research
methodology discussing this topic.

The first aspect is the application of autogenous graft
source in conjunction with managing chronic infection.
Although the use of allografts loaded with antibiotics was
discussed in the presence of infection [33, 34], first stage
surgery using autografts is a gamble that may sacrifice the
patients’ bone graft resources and cause morbidity.
Hernigou et al. described autogenous graft resorption rate
of 40% when autograft was used alone with debridement in
their control group. They supercharged the autograft with a
granulocyte precursor retrieved in vitro from bone marrow
as a prophylaxis to the graft avoiding recurrence of infec-
tion and graft resorption [35]. Autografts loaded with anti-
biotics were usually discussed as second stage procedures
after controlling infection [36, 37]. The idea of using bone
marrow aspirate allows utilizing the natural autogenous re-
source in the first stage surgery without morbidity, avoiding
the higher costs and adverse effects of allografts and keep-
ing the bone graft reserve available for any second stage
procedure.

The second aspect is using the faster dissolving CaSo4 at
the expense of other biocomposites used in bone tissue engi-
neering. Those biocomposites (calcium phosphates, hydroxy-
apatite) are not eluting antibiotics either rapidly or in high
local concentrations in comparison to CaSo4 that showed su-
perior track record as mentioned before [9].

Fig. 3 a AP view of a case of a 19-year-old male patient with chronic
osteomyelitis with sequestrum formation after healed open fracture. bAP
view 2 months post-operatively showing the pellets before dissolving. c
Lateral view 2 months post-operatively. d AP view after 1 year showing
defect filling after complete dissolution of the pellets. e The lateral view
after 1 year with the small cortical windows still visible
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The addition of the marrow aspirate did not affect the
first priority of eradicating the infection which is compara-
ble to the results achieved in the literature. It may even
protect against infection as a recent report emphasized that
the concentrated granulocyte precursor components in
bone marrow protect against infection after debridement
[35].

Results are encouraging in having radiological evidence of
70.47% void filling in our patients with complete filling in

50%. The average filling rate is slightly higher than the results
of using CaSo4 alone (Table 3).

Confirming the role of the bone marrow aspirate may need
experiments on animal models with induced chronic osteomy-
elitis. Factors such as the ability of the osteo-progenitor cells
to withstand the higher concentrations of the antibiotics and
the acidic medium created by dissolution of CaSo4 can only be
confirmed on animal models. Ideas to improve the principle of
using bone tissue engineering in conjunction with infection

Fig. 4 The same patient shown in the demonstration of operative
technique in Fig. 1. a The pre-operative X-rays that show previous bone
debridement with incomplete excision of the sequestrum resulted in fail-
ure with recurrent infection. b The immediate post-operative X-rays with
the pellets filling the defect. c Six months post-operative X-rays showing
tibial fracture with the whole CaSo4 pellets dissolved with minimal

decrease of the defect size, patient treated with cast. d–f The X-ray and
clinical photos after cast removal (9 months post-operative), sinus was
closed, patient full weight bearing and the void showed further decrease.
However, we prepared the patient for bone grafting as it is much safer to
him
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management can be built upon such studies. The use of in
vitro cultured bone marrow to improve the quantity of
cells or culturing inside muscle tissue to improve the
quality by adding angiogenesis was discussed. They
were successfully used in the absence of infection [31,
38]. More recently, the selective culturing of granulo-
cyte precursor concentrate as a single protective compo-
nent isolated from bone marrow was successfully used
in conjunction with OM [35].

There were few complications in our series. Serous dis-
charge from the surgical wound for an average of 10.6 days
was reported. It can be explained by the fact of increasing the
acidity of the environment with the use of CaSo4 that was
proved in many articles [39–41] and was noted in about 15–
33% of patients using such biocomposite to treat infection [10,
13, 21, 24]. It is just a universal notice rather than a compli-
cation and it was not affecting the results of elimination of
infection. Some authors described it as Bnot significant^ or
Bself-limiting^ [12].

We were still left with about one quarter of patients
who had recurrent infection with need to secondary pro-
cedures. We can correlate the recurrence in such cases to
the pre-operative risk factors, the multiplicity and viru-
lence of the organisms and the adequacy of the operative
debridement.

There was no bone filling in five cases (16.67%), which we
can refer as complication of the non-resolving infection. On
the other hand, in the patients who have partial filling with
eradication of infection, it can be considered Ba partial
success^. In upper limb and some lower limb cases, those
patients could manage well without further surgery.

The least prevalent complication was fracture tibia in one
patient (3.3%). This rate is lower than those reported in lit-
erature that ranges from 5 to 14% [10]. This patient was
treated conservatively for 12 weeks in a plaster of Paris cast.

No recurrence of infection with closure of the pre-operative
sinus was obtained. Slow, progressive incomplete void fill-
ing was also noticed with the patient capable of single limb
weight bearing nine months after surgery (Fig. 4d–f).
However, we are preparing him for open grafting as we
thought it will be safer for the patient. He is still refusing
another surgical procedure.

There are some limitations in our series: (1) the number
of patients is not that much to advice for generalization of
the technique, (2) the technique needs some justifications as
the amount of the aspirate and biocomposite needed for a
measured area of bone defect after debridement, (3) the
biomaterial is relatively expensive, (4) the inability to use
the antibiotic that is consistent with the preoperative culture
and sensitivity in all cases and (5) the technique is not ad-
equate in segmental bone loss where distraction osteogen-
esis and induced membrane formation are valid solutions
[28, 29].

Conclusion

The use of the antibiotic-loaded CaSo4 pellets allows fast
and prolonged delivery of antibiotic into bone voids after
debriding chronic OM. It provided both safety and effica-
cy in infection eradication. Addition of bone marrow as-
pirate is an easy, reproducible, cheap and less-invasive
procedure without complications. It may compensate for
the low osteo-inductive and osteogenic properties of the
CaSo4 lowering the chances of second stage procedure.
Even if a second stage graft is needed, the resources of
cancellous bone autograft are not exhausted. More re-
search should be focused on the justification and improv-
ing of the technique utilizing the more advanced bone
tissue engineering technology.

Table 3 The published in vivo studies emphasizing the result of using antibiotic-loaded calcium sulphate beads in management of dead space after the
debridement of chronic osteomyelitis

Article Number of
patients

Mean age
(years)

Recurrence
rate

Pathological
fracture

Filling rate Wound
leak %

Mean follow-up
(years)

Ferguson
et al. [21]

193 46.1 9% 4.7% 59.0% partial,
4.4% complete

15.5% 3.7

Humm
et al. [13]

21 49 5% N/A N/A 33.3% 1.3

Gitelis
et al. [12]

6 50 0% 0% 91% insignificant 2.3

Chang
et al. [23]

25 39.8 20% N/A 40% at 1 year N/A N/A

McKee
et al. [10]

14 44.1 14% 14% Average
consolidation
at 6 months

21% 3.2

McKee et al.
[24]

25 44.1 8% 12% 9 patients needed
bone graft

32% 2.3
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