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Response/Recommendation: While in vitro, in silico, and limited in vivo animal studies have 

demonstrated the antimicrobial activity of several phytochemicals and their efficacy against biofilm 

formation, there is currently a lack of clinical studies supporting the use of phytochemicals in the 

management of patients with orthopedic implant associated infections. 
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Rationale 

 Owing to the increasing microbial resistance to conventional anti-infectives, there is a 

growing need for alternative antimicrobial strategies to effectively combat orthopedic implant 

associated infections. The rise of multidrug-resistant pathogens necessitates the exploration of novel 

therapeutic approaches that can circumvent the limitations of traditional evidence-based therapies. 

In this context, although known for centuries in traditional medicine, phytochemicals emerge as 

potentially valuable adjuncts or alternatives to conventional antimicrobial treatments. 

Phytochemicals are bioactive compounds derived from plants, showcasing a wide range of 

biological activities, including antibacterial, antifungal, and antiviral effects. Therefore, this 

assignment aimed to evaluate the evidence supporting the use of phytochemicals in management of 

patients with orthopedic implant associated infections. 

 The database search, which included PubMed, Scopus, and Web of Science, yielded a total 

of 612 results. After merging 19 duplicates, 593 records remained for screening based on titles and 

abstracts. Following the assessment of titles and abstracts for eligibility, 49 studies advanced to the 

full-text screening phase. However, the full-text review revealed substantial heterogeneity among 

the studies, rendering them ineligible for a pooled analysis. Furthermore, no clinical studies 

specifically addressing this topic were identified. As a result, the assignment necessitated a 

narrative approach.  

 Several phytochemicals have been experimentally demonstrated to possess efficacy against 

biofilm formation and exhibit antimicrobial activity in vitro or in silico. Examples of these agents 

include curcumin [1], Rosa canina L. extract [2], thymol [3], Moringa oleifera L. extract [4], 



 

 

Trifolium repens L. extract [5], Cissus quadrangularis L. extract [6], spectrum of essential oils [7], 

Manuka honey components [8], green tea extract [9], oregano oil [10], isoliquiritigenin [11], 

Posidonia oceanica L. [12], resveratrol [13], or variety of other flavonoids, triterpenoids, carboxylic 

acids and their derivates [14]. Nevertheless, examination of the existing literature revealed a 

markedly limited number of animal and human studies available to investigate the in vivo behavior 

of the aforementioned agents, as their pharmacokinetics and pharmacodynamics may differ 

compared to experimental laboratory settings. 

 Additionally, despite the extensive documentation of the antibacterial and antifungal 

properties of these phytochemicals, there remains a critical gap in evidence regarding their 

applicability in the context of orthopedic implant infections. This deficiency underscores the need 

for further research to validate the effectiveness and safety of these agents in clinical settings. 

Furthermore, the spectrum of targeted bacteria and fungi is restricted to specific species, raising 

concerns about the generalizability to less common pathogens. Another critical area that warrants 

investigation is the potential synergistic effects of phytochemicals when used in conjunction with 

conventional therapies to enhance treatment efficacy. While there exist experimental reports 

suggesting that combination of phytochemicals with antibiotics can promote bacterial eradication 

[15], comprehensive clinical trials are necessary to establish the validity of these findings. 

 Although phytochemicals seem to be a promising preventive and treatment option, they are 

limited to the preclinical setting and thus lack supporting clinical data, making them only promising 

candidates for further research. Conclusively, given the absence of the sufficient data, applicability 

of phytochemicals in management of patients with orthopedic implant associated infections remains 

unclear. 

 

 

References 

1. Saha S, Pramanik K, Biswas A. Antibacterial activity and biocompatibility of curcumin/TiO2 

nanotube array system on Ti6Al4V bone implants. Materials Technology, 2020;36(4),221–232. 

doi: 10.1080/10667857.2020.1742984. 

 

2. Ferlenda G, Cazzola M, Ferraris S, Cochis A, Kumar A, Prenesti E, Spriano S, Vernè E. Surface 

Functionalization of a Silica-Based Bioactive Glass with Compounds from Rosa canina Bud 

Extracts. ACS Biomater Sci Eng. 2021;7(1):96-104. doi: 10.1021/acsbiomaterials.0c01170. 

 



 

 

3. Priya A, Nivetha S, Pandian SK. Synergistic Interaction of Piperine and Thymol on Attenuation 

of the Biofilm Formation, Hyphal Morphogenesis and Phenotypic Switching in Candida 

albicans. Front Cell Infect Microbiol. 2022;11:780545. doi: 10.3389/fcimb.2021.780545. 

 

4. Menon L, Chouhan O, Walke R, Shah S, Damare S, Biswas S. Disruption of Staphylococcus 

aureus Biofilms with Purified Moringa oleifera Leaf Extract Protein. Protein Pept Lett. 

2023;30(2):116-125. doi: 10.2174/0929866530666230123113007. 

 

5. Ngangom L, Venugopal D, Pandey N, Kumar N. In-silico screening and identification of 

potential bioactive compounds of Trifolium repens against pathogenic bacterial target proteins. 

Materials Today: Proceedings 2023;73:142-150. doi: 10.1016/j.matpr.2022.09.501. 

 

6. Rajeshkumar S, Menon S, Kumar VS, Ponnanikajamideen M, Ali D, Arunachalam K. Anti-

inflamatory and Antimicrobial Potential of Cissus quadrangularis-Assisted Copper Oxide 

Nanoparticles. J Nanomater. 2021. doi: 0.1155/2021/5742981. 

 

7. Souza CM, Pereira Junior SA, Moraes Tda S, Damasceno JL, Amorim Mendes S, Dias HJ, 

Stefani R, Tavares DC, Martins CH, Crotti AE, Mendes-Giannini MJ, Pires RH. Antifungal 

activity of plant-derived essential oils on Candida tropicalis planktonic and biofilms cells. Med 

Mycol. 2016;54(5):515-23. doi: 10.1093/mmy/myw003. 

 

8. Udduttula A, Jakubovics N, Khan I, Pontiroli L, Rankin KS, Gentile P, Ferreira AM. Layer-by-

Layer Coatings of Collagen-Hyaluronic acid Loaded with an Antibacterial Manuka Honey 

Bioactive Compound to Fight Metallic Implant Infections. ACS Appl Mater Interfaces. 

2023;15(50):58119-58135. doi: 10.1021/acsami.3c11910. 

 

9. Park J, Chi L, Kwon HY, Lee J, Kim S, Hong S. Decaffeinated green tea extract as a nature-

derived antibiotic alternative: An application in antibacterial nano-thin coating on medical 

implants. Food Chem. 2022;383:132399. doi: 10.1016/j.foodchem.2022.132399. 

 

10. Lu M, Wong KI, Li X, Wang F, Wei L, Wang S, Wu MX. Oregano Oil and Harmless Blue 

Light to Synergistically Inactivate Multidrug-Resistant Pseudomonas aeruginosa. Front 

Microbiol. 2022;13:810746. doi: 10.3389/fmicb.2022.810746. 

 



 

 

11. Wang T, Cui X, Cai S, Zou X, Zheng S, Li Y, Zhang, Z. Multifunctional phytochemical 

nanoplatform for comprehensive treatment of all-stage MRSA biofilm associated infection and 

its accompanying inflammation. Chemical Engineering Journal 2024;480:147951. doi: 

10.1016/j.cej.2023.147951. 

 

12. Ozbil E, Ilktac M, Ogmen S, Isbilen O, Duran Ramirez JM, Gomez J, Walker JN, Volkan E. In 

vitro antibacterial, antibiofilm activities, and phytochemical properties of Posidonia oceanica 

(L.) Delile: An endemic Mediterranean seagrass. Heliyon. 2024;10(15):e35592. doi: 

10.1016/j.heliyon.2024.e35592. 

 

13. Bonadies I, Di Cristo F, Valentino A, Peluso G, Calarco A, Di Salle A. pH-Responsive 

Resveratrol-Loaded Electrospun Membranes for the Prevention of Implant-Associated 

Infections. Nanomaterials (Basel). 2020;10(6):1175. doi: 10.3390/nano10061175. 

 

14. Prabha S, Chauhan P, Warkare S, Pandey KM. A computational investigation of potential plant-

based bioactive compounds against drug-resistant Staphylococcus aureus of multiple target 

proteins. J Biomol Struct Dyn. 2023;22:1-19. doi: 10.1080/07391102.2023.2297009. 

 

15. Chen Y, Hu H, Huang F, Ling Z, Chen B, Tan B, Wang T, Liu X, Liu C, Zou X. Cocktail of 

isobavachalcone and curcumin enhance eradication of Staphylococcus aureus biofilm from 

orthopedic implants by gentamicin and alleviate inflammatory osteolysis. Front Microbiol. 

2022;13:958132. doi: 10.3389/fmicb.2022.958132. 


