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Abstract
Background: Despite the variety of available treatment options, including
surgical procedures and antimicrobial therapy, bone infections are still a
medical challenge as they are difficult to treat and cure. Aim of the work: The
goals of this treatment protocol are to eradicate infection, heal the
ulceration/abscess/wound, and reduce or eliminate the need for intravenous
antibiotics in the treatment of osteomyelitis and complex infections of the skin
and soft tissue structures. Patients and methods: From January 2011 to
October 2013 a series of 14 chronic osteomyelitis procedures were performed.
All patients underwent surgical debridement followed by application of
synthetic pure dissolvable calcium sulphate beads impregnated with antibiotics
were employed. Results and conclusion: The clinical outcome after six months
amounted to successful treatment assessed as eradication of infection in 14
patients over the time of observation.
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INTRODUCTION
Chronic osteomyelitis represents a major health problem due to its
significant morbidity and low mortality rate1. Despite the variety of available
treatment options, including surgical procedures and antimicrobial therapy, bone
infections are still a medical challenge as they are difficult to treat and cure2.
Systemic antibiotics are part of the standard therapy after debridement of
infected bone, but their efficacy may be limited due to impaired blood supply
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and a low penetration rate at the site of infection3. Furthermore, long-term
treatment and high doses are associated with severe side effects. The main
problem associated with chronic bone infection is the capacity of the
microorganisms to remain in necrotic bone tissue for long periods, especially in
tissues that has not undergone adequate surgical debridement4.
Traditionally, the management of chronic osteomyelitis emphasizes the
excision of necrotic and infected material (sequestrectomy/debridement)
followed by prolonged administration of antibiotics. The steps in the treatment
of chronic osteomyelitis consist of correct microbiological diagnosis;
improvement of the host’s defenses; stabilization of underlying diseases; correct
anatomical localization of bone involvement; adequate antimicrobial therapy;
surgical debridement of all devitalized tissue; repair of soft tissues; and bone
reconstruction and rehabilitation5.
The most important factor for a successful treatment of patients with bone
infection is the quality of debridement. The debridement must achieve a clean
and viable wound through anon-traumatic exposure. All devitalized tissues need
to be removed, and the surgical technique used will depend on the extent of the
bone lesion6&7.
Autogenous bone grafting in a second stage procedure has been the gold
standard for this type of treatment, but its quantity is limited. In addition the
autogenous bone graft will be absorbed or become sequestrum if the
inflammation control is not sufficient8&9. Allogeneic bone, although solving the
problem of limited supply, is likely to cause or increase the immune response
and infection10&11. In situations in which there is a dead space after the removal
of devitalized tissues, the use of polymethyl-methacrylate cement impregnated
with an antibiotic for local. Antibiotic-impregnated bone void fillers or cements
can act as local anti-infective drug release systems, which not only fill up the
dead space after surgical debridement but also deliver high antibiotic
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concentrations at the site of potential infection, without increasing serum
antibiotic levels12-16. Disadvantage of polymethyl-methacrylate (PMMA) is that
the material is non-biodegradable, making subsequent invasive procedures
necessary to remove the implant in many cases17. Additionally, PMMA has a
poor elution profile, characterized by an initial bolus release of relatively high
concentrations followed by a rapid decline to sub-inhibitory concentrations18.
However, antibiotic impregnated bone cements are non-absorbing, can support a
biofilm and become a foreign body and nidus for infection at the implant site.
They must be removed in a further surgical procedure if bone graft implantation
is required. Stimulan is a synthetic hemihydrate form of Calcium Sulfate. It is
produced using a synthetic process resulting in 100% purity with no traces of
potentially toxic impurities which has been associated with naturally occurring
mineral sources of Calcium Sulfate. Stimulan also has the advantage of
delivering a wider spectrum of antibiotic combinations into the joint. It cures at
a low temperature, thus allowing heat-sensitive antibiotics to be mixed with
Stimulan. This is in contrast to PMMA in which only heat-stable antibiotics can
be used. Even with these advantages, there has been concern with using
dissolvable antibiotic-loaded Calcium Sulfate19&20.
Calcium sulfate has several advantages over other local antibiotic delivery
systems: it is biodegradable; it has predicable elution characteristics; it is
osteoconductive; and it can fill dead space21&22. Synthetic calcium sulfate is a
pure, biocompatible bone graft material with the absence of any traces of
organic impurities. Such impurities have been associated with the complications
of mined and refined calcium sulfate23. The carrier was calcium sulphate
(Stimulan) commonly used as a bone graft to fill bone cavities resulting from
disease, trauma or surgery. Its main characteristics are 100% purity and its
ability for biodegradation24.
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MATERIAL AND METHOD
This study was a retrospective analysis of cases of chronic osteomyelitis over
a 2-year period. From January 2011 to October 2013 a series of 14 chronic
osteomylitis procedures were performed in Al-Azhar University hospital Assuit
and Alhelal insurance hospital. Patients referred for treatment of osteomyelitis
were pre-operatively imaged. The mean of the age is 28 (10-48), the eight of 14
patients were males and the six of 14 patients were females. The most common
bones affected were the tibia (8 patients, 66%) and radius (4 patients, 33%) and
femur (2 patients, 16%) (Fig. 1-7) & (table,1). All patients underwent surgical
debridement includes resection of soft tissue focus, removal of sequestrum,
fenestration drainage of bone lesions, lavaging and multiple drilling the surface
of sclerotic bone with a drill followed by application of synthetic pure
dissolvable calcium sulphate beads impregnated with antibiotics were
employed. The calcium sulfate powder was mixed with 1g of vancomycin
powder with 240 mg of tobramycin in all cases. Calcium sulfate bone graft
substitute impregnated with antibiotics (1 gram of vancomycin and 240 mg of
gentamycin) to fill in the residual gap.
Resorption of implanted beads and bony reconstruction were evaluated by
means of radiographs obtained at immediately postoperative, two weeks, one,
three and six months after implantation.
The aim of this treatment protocol are to eradicate infection, heal the
ulceration/abscess/wound, and reduce or eliminate the need for intravenous
antibiotics in the treatment of osteomyelitis and complex infections of the skin
and soft tissue structures.
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Table 1: Cases of Chronic Osteomyelitis
Case no.

Age

Sex

Site of infection

1

10

Male

Right distal tibia

2

13

Female

Left lower third
radius

3

19

Female

Right mid shaft
femur

4

16

Male

Right tibia
lower third

5

22

Male

Left upper third
of tibia

6

27

Female

Left mid shaft
of tibia

7

30

Male

Left lower third
radius

8

33

Female

Right mid shaft
femur

9

23

Male

Left upper third
of tibia

10

40

Female

Left upper third
of tibia

11

37

Male

Left mid shaft
of tibia

12

42

Male

Right upper
third of tibia

13

48

Female

Left mid shaft
of tibia

14

19

Male

Right lower
third radius

(Table, 1)
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Previous
treatment
Multiple
drainage and
curettage
Multiple
drainage and
curettage
Multiple
drainage and
curettage
Multiple
drainage and
curettage
Multiple
drainage and
curettage
Multiple
drainage and
curettage
Multiple
drainage and
curettage
Multiple
drainage and
curettage
Multiple
drainage and
curettage
Multiple
drainage and
curettage
Multiple
drainage and
curettage
Multiple
drainage and
curettage
Multiple
drainage and
curettage
Multiple
drainage and
curettage

AAMJ, VOL (12), NO (4), OCT 2014 SUPLL

Ibrahim E. Abdellatif

Ethical approval
Approval to conduct this research has been provided by the University
hospital of Al-Azhar, Assuit and Alhelal insurance hospital, Sohag , in
accordance with its ethics review and approval procedures. Any person
considering participation in this research project, or agreeing to participate, may
raise any questions or issues with the researcher at any time.
RESULT
A radiological implant evaluation after approximately six months showed
that bony integration of the beads. Most of the calcium sulphate had completely
absorbed within 3 months post surgery. No foreign body reactions or infection
were found in all 14 patients. Primary wound healing occurred in 9 patients and
secondary wound healing in 4 patients. The clinical outcome after six months
(or at the time of early termination) amounted to successful treatment assessed
as eradication of infection in 14 patients over the time of observation.
DISCUSSION
Chronic osteomyelitis is an infection difficult to treat due both to multidrug
resistance of common pathogens and to poor penetration of antibiotics into
bone25. Insufficient release of the antibacterial agent to the site of infected bone
is a frequent problem associated with systemic antibiotic therapy and sometimes
even with local drug delivery systems26.
Disadvantage of PMMA is that the material is non-biodegradable, making
subsequent

invasive

procedures

necessary

to

remove

the

implant17.

Additionally, PMMA has a poor elution profile, characterized by an initial bolus
release of relatively high concentrations followed by a rapid decline to subinhibitory concentrations18. They must be removed in a further surgical
procedure if bone graft implantation is required. Stimulan is a synthetic
hemihydrate form of Calcium Sulfate. It is produced using a synthetic process
resulting in 100% purity with no traces of potentially toxic impurities which has
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been associated with naturally occurring mineral sources of Calcium
Sulfate19&20. Stimulan also has the advantage of delivering a wider spectrum of
antibiotic combinations into the joint. It cures at a low temperature, thus
allowing heat-sensitive antibiotics to be mixed with Stimulan.
Synthetic calcium sulfate offers the advantages of predictability in the
elution of antibiotic agents over a three to four-week period, buffering the local
wound pH (towards physiologic), elimination/reduction of dead-space and
compatibility with a number of antimicrobial agents. Subsequent procedures to
remove implanted material and the recreation of dead space are avoided due to
the ability of the beads to resorb.
Surgical debridement, obliteration of dead space resulting from
debridement and a long course of antibiotics remain the mainstay in the
management of osteomyelitis. Many studies have demonstrated that combining
debridement with the use of antibiotic impregnated material achieve better
eradication of infection and possibly decrease the duration of systemic
antibiotics needed27&28.

(Fig. 1): Plain x-ray of male child 11 years old has severe chronic
osteomyelits distal third of tibia.
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(Fig.2): Intra operative photo showed that sequestrectomy and
debridement.

(Fig. 3): Intra operative photo showed that preparation of calcium sulfate
with antibiotic.

(Fig. 4): Intra operative x-ray showed that calcium sulfate beads.
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(Fig. 5): Plain x-ray two weeks postoperative showed that partially absorbed calcium
sulfate beads.

(Fig. 6): Plain x-ray evaluation after six months showed that bony integration of the
beads and the calcium sulphate had completely absorbed post surgery.

(Fig. 7): Photo evaluation after showed that completely skin healing with no sinus
post surgery.

104

AAMJ, VOL (12), NO (4), OCT 2014 SUPLL

Ibrahim E. Abdellatif

ACKNOWLEDGEMENTS
I would like to express my sincere gratitude and heartfelt thanks to all staff
members of the orthopaedic department in Al-Azhar University hospital, Assuit
and Alhelal insurance hospital, Sohag for their help and support.

105

AAMJ, VOL (12), NO (4), OCT 2014 SUPLL

AL-AZHAR ASSIUT MEDICAL JOURNAL

REFERENCES
1.

Lima ALLM, Zumiotti AV. Aspectos atuais do diagnóstico etratamento
das osteomielites. Acta Ortop Bras. 1999;7: 135–42.

2.

Trampuz A, Zimmerli W. Diagnosis and treatment of implant-associated
septic arthritis and osteomyelitis. Curr Infect Dis Rep 2008;10: 394–403.

3.

Zilberman M, Elsner JJ. Antibiotic-eluting medical devices for various
applications. J Control Release 2008;130: 202–215.

4.

Ana Lucia L. Limaa, Priscila R. Oliveiraa, Vladimir C. Carvalhoa, Sergio
Cimermanb, Eduardo Savioc, on behalf of the Diretrizes Panamericanas
para el Tratamiento de las Osteomielitis e Infecciones de Tejidos Blandos
Group. Recommendations for the treatment of osteomyelitis. Brazjinfecdis
20014; 18(5):526-534.

5.

Norden C, Gillespie WJ, Nade S. Clinical syndromes. In:Norden C,
editor. Infections in bone and joints, vol. 3; 1994.USA, Pennsylvania,
Blackwell. p. 137–387.

6.

Tetsworth K, Cierny 3rd G. Osteomyelitis debridement techniques. Clin
Orthop Relat Res. 1999:87–96.58.

7.

Forsberg JA, Potter BK, Cierny 3rd G, Webb L. Diagnosis and
management of chronic infection. J Am Acad Orthop Surg.2011; 19 Suppl.
1:S8–19.

8.

Malinin TL & Brown MD. Bone allografts in spinal surgery. Clin.
Orthop, 1981, 154: 68-73

9.

Lane JM & Sandhu HS. Current approaches to experimental bone
grafting. Orthop Clin North Am, 1987, 18:213-25.

10. Song HP & Wang Zh Q. The interference factors of clinical results with
allogeneic bone graft. Chinese Journal of Bone Tumor and Bone Disease,
2005, 4:245-248

106

AAMJ, VOL (12), NO (4), OCT 2014 SUPLL

Ibrahim E. Abdellatif

11. Sun Sh Q & Li BX. Disease Transmission of allogeneic bone graft.
Chinese Journal of Bone Tumor and Bone Disease，2003，2:333-335
12. Wahlig H, Dingeldein E, Bergmann R, Reuss K. The release of
gentamicin from polymethylmethacrylate beads: an experimental and
pharmacokinetic study. J Bone Joint Surg [Br] 1978; 60-B: 270–275.
13. Henry SL, Galloway KP. Local antibacterial therapy for the management
of

orthopaedic

infections.

Pharmacokinetic

considerations.

Clin

Pharmacokinet 1995; 29: 36–45.
14. Härle A, Ritzerfeld W. The release of gentamycin into the wound
secretions from polymethylmethacrylate beads. A study with reference to
the animal experiment. Arch Orthop Trauma Surg 1979;95 : 65–70.
15. Winkler H. Rationale for one stage exchange of infected hip replacement
using uncemented implants and antibiotic impregnated bone graft. Int J
Med Sci 2009;6: 247–252.
16. Zalavras CG, Patzakis MJ, Holtom P. Local antibiotic therapy in the
treatment of open fractures and osteomyelitis. Clin Orthop Relat Res 2004;
427: 86–93.
17. McKee MD, Li-Bland EA, Wild LM, Schemitsch EH. A prospective,
randomized

clinical

trial

comparing

an

antibiotic-impregnated

bioabsorbable bone substitute with standard antibiotic-impregnated cement
beads in the treatment of chronic osteomyelitis and infected nonunion. J
Orthop Trauma 2010;24: 483–490.
18. Zalavras CG, Patzakis MJ, Thordarson DB. Infected fractures of the
distal tibial metaphysis and plafond: achievement of limb salvage with free
muscle flaps, bone grafting, and ankle fusion. Clin Orthopaed Relat Res.
2004; 427:57–62.
19. Ciemy G. Comparing OsteoSet and Stimulan as antibiotic-loaded,
Calcium sulfate beads in the management of musculoskeletal infection.
107

AAMJ, VOL (12), NO (4), OCT 2014 SUPLL

AL-AZHAR ASSIUT MEDICAL JOURNAL

Paper presented at: Annual Open Scientific Meeting of the Musculoskeletal
Infection Society 2009. Proceedings of the 19th Meeting of the
Musculoskeletal Infection Society; 2009 Aug 7-8; San Diego, California.
20. Lee GH, Khoury JG, Bell JE. Adverse Reactions to Osteoset Bone Graft
Substitute, the Incidence in a consecutive series. The Iowa Orthopaedic
Journal. 2002; 22: 35-8.
21. Yung A, Steinberg J. Can antibiotic beads have an impact on
osteomyelitis cases? Podiatry Today 16(10):14-18, 2003.
22. Heldgeson M, Potter B, Tucker C, Frisch HM. Antibiotic-impregnated
calcium sulfate use in combat related open fractures. Orthopedics 32:323,
2009.
23. Panagopoulos P, Tsaganos T, Plachouras D, Carrer D, Papadopoulos
A, Giamarellou H, Kanellakopoulou K. In vitro elusion of moxifloxacin
and fusidic acid by synthetic crystallic semihydrate form of calcium sulfate
(Stimulan). Int J Antimicrob Agents 32(6):485-487, 2009.
24.

Zilberman M, Elsner JJ. Antibiotic-eluting medical devices for various
applications. J Control Release 2008;130: 202–215.

25. Dajcs JJ, Thibodeaux BA, Marquart ME, Girgis DO, Traidej M,
O’Callaghan RJ. Effectiveness of ciprofloxacin, levofloxacin, or
moxifloxacin for treatment of experimental Staphylococcus aureus
keratitis. Antimicrob Agents Chemother 2004;48: 1948–52.
26. Gerhart TN, Renshaw AA, Miller RL. In vivo histologic and
biomechanical characterization of abiodegradable particulate composite
bone cement. J Biomed Mater Res 1989;23: 1–6.
27. Patzakis MJ, Mazur K, Wilkins J. Septopal beads and autogenous bone
grafting for bone defects in patients with chronic osteomyelitis. Clin
Orthop 1993; 295: 112–118.

108

AAMJ, VOL (12), NO (4), OCT 2014 SUPLL

Ibrahim E. Abdellatif

28. Yamashita, Y., A. Uchida, T. Yamakawa, Y. Shinto, N. Araki, and K.
calcium

using

osteomyelitis

chronic

of

Treatment

1998.

Kato.

hydroxyapatite ceramic implants impregnated with antibiotic. Int. Orthop.
22:247–251.

الملخص العربي
استخذام كبريتات الكلسيوم مع المضاد الحيوى في عالج تنكرز العظام
انبحذ حى إجزاؤِ نخقييى اسخخذاو كبزيخبث انكهسيٕو يع انًضبد انحيٕٖ فٗ عال ج حُكزاس انعظبو .في
ْذا انبحذ حى عالج  14حبنّ يًٍ يعبٌَٕ يٍ

حُكزاس انعظبو ٔحى أيضب ً اسخعزاض انطزق انًخبعت

حُكزاس انعظبو بذايت يٍ دراست خطت انعالج قبم انعًهيت ٔانطزق انجزاحيت انًخبعت ٔخطت انعالج فيًب بعذ
انعًهيت ٔكبٌ يخٕسط انعًز  28سُت ٔحًج يخببعخٓى نًذة يخٕسطٓب  24شٓز ٔانغزض يٍ انبحذ ْٕ
اسخئصبل انًكزٔة ٔانخئبو انعظبو ٔانجهذ
حى حقييى انُخبئج اإلكهيُيكيت ٔانٕظ يفيت نًخخهف انحبالث يع عزض انًضبعفبث انخي حذرج نبعط
انحبالث في أرُبء يزحهت انعالج

 .كًب حى أيضب ً يُبقشت َخبئج انبحذ ٔيقبرَخٓب ببألبحبد انًشببٓت أٔ

انًُشٕرة ببنذٔريبث انعهًيت يع إنقبء انضٕء عهٗ اإليكبَبث انكبيزة
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