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Recommendation: Current evidence suggest that integrity and biomechanical properties bone 

cement are negatively influenced by the addition of antibiotics into bone cement; and this impact 

is associated with the type and dose of the added antibiotics, type of the cement, and bone cement 

mixing techniques. 

 

Strength of recommendation: Strong 

 

Rationale: On January 2025, the existing literature was comprehensively reviewed to determine 

the available data about the biomechanical properties of bone cement and antibiotics impregnation. 

PubMed, Scopus and Cochrane were the used search engines; and the search terms included “bone 

cement”, “cement”, “antibiotics-impregnated”, “antibiotics-loaded”. Only the articles on English 

were reviewed; and case reports, editorial comments and opinion piecies were excluded. Following 

title and abstract evaluation, none of the retracted results were specifically confined to shoulder 

arthroplasty and the high majority of the available data were in vitro experimental studies. 

The available data is mainly consisted of in vitro experimental studies and no previous 

clinical reports confined to shoulder arthroplasty was found. The use of antibiotic-impregnated 

cement in total joint arthroplasty was initially described by Buchholz and Engelbrecht. 

Subsequently, they reported a 90% success rate for exchange arthroplasty in the context of 

infection using antibiotics-loaded bone cement (1). Three primary concerns must be addressed 

before including an antibiotic into bone cement: physical attributes favorable for cement loading, 

antibacterial efficacy spectrum, and established effectiveness and safety profile (2). 

Numerous antibiotic agents have been evaluated as additions to bone cement, although 

aminoglycosides, especially gentamicin, remain the first and most frequently utilized due to its 

optimal bacteriological and physicochemical properties (3). Tobramycin is readily accessible as a 

pharmaceutical-grade powder suitable for human use for extemporaneous cement mixing, while 

gentamicin is provided as a liquid solution. Liquid gentamicin has been linked to inadequate 

cement mixing and hardening, with one study indicating an almost 50% decrease in cement 

biomechanical strength compared to powdered tobramycin, likely due to less homogeneous 

integration with the cement powder (4). Liquid antimicrobials should typically be avoided in long-

term weight-bearing antibiotics-loaded cement applications like fixation or arthroplasty, but may 

serve as a cost-effective alternative in situations where structural integrity is less critical (e.g., 

temporary spacers or beads) (4). 

Vancomycin is the most extensively researched glycopeptide and lipoglycopeptide 

antibiotic, considered the basis of antibiotics-loaded cement preparation in orthopedic surgery 

because of its broad spectrum of gram-positive antibacterial action and its availability as a 

thermostable powder formulation. The inclusion of an aminoglycoside has been demonstrated to 

markedly augment vancomycin elution, hence reinforcing the prevalence of this combination's 

usage (5). Increased dosages of vancomycin have been employed to compensate for restricted 



cement elution, however this may compromise mechanical integrity (6). In a previous study, the 

degree of strength decline following aging was contingent upon the dosage and type of antibiotic 

administered. Vancomycin-loaded bone cements exhibited reduced bending strengths compared 

to the control group, regardless of vancomycin concentration, following aging. Conversely, 

compressive strength was contingent upon the additional concentration and diminished as the 

concentration grew (7). The optimal concentration that preserves cement characteristics remains 

undefined; nonetheless, the consensus among most authors indicates that low antibiotic 

concentrations (ranging from 5 to 10% by weight) are unlikely to negatively impact these 

properties (8).  Attention must be paid to the mixing and manufacturing circumstances when 

including antibiotics into bone cement in clinical practice, particularly at concentrations over 2.5% 

per polymer powder (9). Lilikakis et al. indicated that Palamed G and Copal bone cements, along 

with their formulations including 2.5% and 5% vancomycin, are deemed safe; nevertheless, the 

incorporation of 10% vancomycin adversely affects their compressive mechanical properties, 

rendering them unsuitable for clinical application. Furthermore, particular attention must be paid 

to the mixing process when incorporating antibiotics into bone cement, as samples with identical 

antibiotic to polymer powder ratios, yet differing manufacturing methods, had markedly distinct 

mechanical properties (10).  

A prior in vitro investigation (11) revealed that both teicoplanin and ciprofloxacin 

markedly reduced the mean strength values in compression and four-point bending assessments 

on Days 1 and 15. Teicoplanin markedly reduced the mean strength values at higher doses in both 

assessments on Day 1 and Day 15, although ciprofloxacin did not produce a significant alteration 

in these values. A substantial difference was observed in the compression test on Day 1 when 

comparing the effects of the two antibiotics at the 3200 mg dose. Conversely, notable differences 

were observed at the 1600 and 3200 mg dosages on Day 15 in the compression test, and at the 

3200 mg dose on Day 15 in the four-point bending test.  

Amphotericin B, offered in a deoxycholate form and other lipid-associated formulations, 

is a broad-spectrum antifungal agent classified as a polyene. Amphotericin B is offered in a 

thermostable powder formulation and is a fairly large (924 Da) lipophilic molecule. An in vitro 

research indicated that amphotericin B is barely eluted from cement, and its inclusion may enhance 

cement strength, maybe due to robust covalent chemical interactions between the antifungal and 

the cement matrix (12). Liposomal amphotericin B may elute more easily than the deoxycholate 

formulation because of enhanced cement porosity; however, this also compromises the cement's 

structural integrity, warranting its avoidance in structural applications (13). 

 

References: 

1. Buchholz HW, Elson RA, Engelbrecht E, Lodenkämper H, Röttger J, Siegel A. Management 

of deep infection of total hip replacement. J Bone Joint Surg Br. 1981;63-B(3):342–53.  

2. Athans V, Veve MP, Davis SL. Trowels and Tribulations: Review of Antimicrobial-

Impregnated Bone Cements in Prosthetic Joint Surgery. Pharmacotherapy. 2017 

Dec;37(12):1565–77.  

3. van de Belt H, Neut D, Schenk W, van Horn JR, van der Mei HC, Busscher HJ. Infection of 

orthopedic implants and the use of antibiotic-loaded bone cements. A review. Acta Orthop 

Scand. 2001 Dec;72(6):557–71.  

4. Seldes RM, Winiarsky R, Jordan LC, Baldini T, Brause B, Zodda F, et al. Liquid gentamicin 

in bone cement: a laboratory study of a potentially more cost-effective cement spacer. J Bone 

Joint Surg Am. 2005 Feb;87(2):268–72.  



5. Penner MJ, Masri BA, Duncan CP. Elution characteristics of vancomycin and tobramycin 

combined in acrylic bone-cement. J Arthroplasty. 1996 Dec;11(8):939–44.  

6. Baleani M, Persson C, Zolezzi C, Andollina A, Borrelli AM, Tigani D. Biological and 

biomechanical effects of vancomycin and meropenem in acrylic bone cement. J Arthroplasty. 

2008 Dec;23(8):1232–8.  

7. Paz E, Sanz-Ruiz P, Abenojar J, Vaquero-Martín J, Forriol F, Del Real JC. Evaluation of 

Elution and Mechanical Properties of High-Dose Antibiotic-Loaded Bone Cement: 

Comparative “In Vitro” Study of the Influence of Vancomycin and Cefazolin. J Arthroplasty. 

2015 Aug;30(8):1423–9.  

8. He Y, Trotignon JP, Loty B, Tcharkhtchi A, Verdu J. Effect of antibiotics on the properties of 

poly(methylmethacrylate)-based bone cement. J Biomed Mater Res. 2002;63(6):800–6.  

9. Buchholz HW, Elson RA, Heinert K. Antibiotic-loaded acrylic cement: current concepts. Clin 

Orthop Relat Res. 1984 Nov;(190):96–108.  

10. Lilikakis A, Sutcliffe MPF. The effect of vancomycin addition to the compression strength of 

antibiotic-loaded bone cements. Int Orthop. 2009 Jun;33(3):815–9.  

11. Gölge UH, Oztemur Z, Parlak M, Tezeren G, Oztürk H, Bulut O. Investigation of mechanical 

strength of teicoplanin and ciprofloxacin impregnated bone cement on Day 1 and Day 15. Acta 

Orthop Traumatol Turc. 2014;48(3):333–8.  

12. Goss B, Lutton C, Weinrauch P, Jabur M, Gillett G, Crawford R. Elution and mechanical 

properties of antifungal bone cement. J Arthroplasty. 2007 Sep;22(6):902–8.  

13. Cunningham B, McLaren AC, Pauken C, McLemore R. Liposomal formulation increases local 

delivery of amphotericin from bone cement: a pilot study. Clin Orthop Relat Res. 2012 

Oct;470(10):2671–6.  

 

 

 

 


