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Abstract
The musculoskeletal system involves multiple tissues which are constantly 
exposed to being exposed to various biological and mechanical stimuli. As such, 
isolating and studying a particular system from a complex human clinical 
environment is not always a realistic expectation. On top of that, recruitment 
limitations, in addition to the nature of orthopaedic interventions and their 
associated cost, sometimes preclude consideration of human trials to answer a 
clinical question. Therefore, in this mini review, we sought to rationalize the rapid 
evolution of biomedical research at a basic scientific level and explain why the 
perception of orthopaedic conditions has fundamentally changed over the last 
decades. In more detail, we highlight that the number of orthopaedic in vitro 
publications has soared since 1990. Last but not least, we elaborated on the 
minimum requirements for conducting a scientifically sound infection-related 
laboratory experiment to offer valuable information to clinical practitioners. We 
also explained the rationale behind implementing molecular biology techniques, 
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ex vivo experiments, and artificial intelligence in this type of laboratory research.

Key Words: Biofilm; In vitro; Laboratory research; Methodology

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This paper highlights some major orthopaedic research advances at a basic science level. On top of that, it is 
highlighted that the perception of orthopaedic conditions has fundamentally changed recently, reflecting on clinical practice. 
We also described the basic aspects of a successful in vitro infection laboratory experiment and expanded on recent evidence 
relating to molecular biology, ex vivo investigations, and artificial intelligence in orthopaedics.

Citation: Tsikopoulos K, Drago L, Meroni G, Kitridis D, Chalidis B, Papageorgiou F, Papaioannidou P. In vitro laboratory infection 
research in orthopaedics: Why, when, and how. World J Orthop 2023; 14(8): 598-603
URL: https://www.wjgnet.com/2218-5836/full/v14/i8/598.htm
DOI: https://dx.doi.org/10.5312/wjo.v14.i8.598

INTRODUCTION
Why and when to proceed with basic science orthopaedic research?
Barriers to orthopaedic research: It is widely recognized that high-quality randomized evidence is lacking in 
orthopaedics. The main reasons behind that include the increased cost of conducting a trial, the lack of funding and 
resources, the limited availability of time from the clinicians[1], and the overall recruitment limitations. Although 
significant musculoskeletal concerns are fraught with ambiguity in the scientific community, it has been demonstrated 
that many surgeons are insufficiently motivated to discuss trial participation with their patients[2]. On top of that, 
orthopaedic trainees may show limited interest in conducting research, feel unsupported, and lack mentorship and/or 
opportunities to get involved in experimental projects[3]. According to the above, when assessing the feasibility of 
orthopaedic projects, researchers should have realistic expectations and carefully select the appropriate study design.

Is in vitro research the appropriate remedy? It should be noted that in vitro models are laboratory-based experiments 
that imitate biological processes outside a real organism. In vitro models are frequently utilized in orthopaedic research to 
investigate many aspects of musculoskeletal diseases, tissue engineering, and medication development[4]. Conducting in 
vitro laboratory research enables researchers to overcome the complexity of multiple organ interactions in human beings
[4]. Furthermore, funding for clinical and translational animal research is usually insufficient to address the unanswered 
orthopaedic research questions. Therefore, opting for basic science projects appears beneficial, particularly when invest-
igating topics that have not been dealt with before. Nevertheless, we should underline that although basic science 
orthopaedic research intends to bridge the gap between the absence of knowledge on a given topic and clinical practice, 
we advocate that the results of in vitro trials must be interpreted cautiously and should not be exclusively extrapolated in 
human setting.

How to properly conduct infection orthopeadic research at a basic science level?
Infection outcomes and administration/training requirements: First, it must be pointed out that the standard strain of a 
given microorganism is investigated for reproducibility and transparency reasons. Initial testing should include 
planktonic growth evaluation not only in the presence of antimicrobial agents as well as untreated control, in order for 
the researcher to reliably evaluate the antimicrobial capacity of a potential antimicrobial agent. Subsequently, biofilm 
studies should include intervention(s) group(s) and an untreated biofilm control.

When assessing the results of the exposure of microorganisms to potential anti-bacterial agents, there are plenty of 
options to investigate their effectiveness in the lab. The most common method features a colorimetric evaluation of cell 
viability with the 2-bis(2-methoxy-4-nitro-5-sulfophenyl)-2H-tetrazolium-5-carboxanilide reduction assay, which is a 
highly reliable method and particularly useful for investigating multiple technical replications in the lab[5,6].

Regarding the infection prevention experiments, attention should be paid to the difference in cell viability between the 
intervention and control groups. The minimum inhibition threshold of 80% must be surpassed for this difference to be 
clinically meaningful[7].

From an administrative perspective, attaining Institutional Review Board Approval before performing a formal 
microbiological experiment is advisable to ensure Good Laboratory Practice. According to our experience and literature, 
substantial up-front investment in infrastructure and lab consumables is suggested to ensure an uninterrupted flow of 
experiments. From a scientific point of view, collaboration with well-established infection labs as well as ongoing lab 
training of the personnel are essential steps for the successful execution of experiments.

Guidelines, statistical considerations, pictorial presentations and extrapolation of results: Similar to other types of 
research, reporting guidelines should be provided along with the experimental studies[8]. More specifically, the primary 
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and secondary outcomes of a given in vitro experiment should be clearly reported in the methods sections.
From a statistical point of view, researchers should bear in mind that achieving sufficient study power applies to 

clinical papers and basic science research. In other words, implementing a sufficient sample size based on the primary 
outcomes of an in vitro study enables the authors to reach consistent and clinically meaningful conclusions. Moreover, 
authors are encouraged to comment on any potential biases which may compromise the reliability of their findings[8].

Pictorial and graphical presentation of the results is essential: Regarding infection-related in vitro pre-clinical research, 
it is proposed that the authors produce a graphical representation of microbial development that will serve as the basis 
for their future tests[9] (Figure 1).

In doing so, the credibility of the work and the establishment of future, more advanced and sophisticated investig-
ations can be improved. Furthermore, in case of comparisons with control groups, implementation of a dedicated piece of 
software such as Prism (GraphPad Software, Inc, La Jolla, CA, United States) is advocated to generate scientifically sound 
figures[9] (Figure 2).

Furthermore, considering that in vitro research is the first step of the evidence-based procedure, researchers and 
clinicians alike should adopt a stepwise approach when validating the results of an in vitro laboratory experiment. More 
specifically, a proper animal model study should be generated following a successful in vitro experiment[10], so that the 
authors can assess their primary findings against in vivo conditions. As a last step, human testing should be performed for 
confirmation purposes[4].

Recently introduced techniques: Do they merit consideration?
Molecular biology techniques: Molecular-biology-based techniques have rapidly evolved in the last years in orthopedic 
infections and other fields, such as in diagnosing severe acute respiratory syndrome coronavirus 2[11] and water 
surveillance industry. In particular, more sophisticated molecular methods, including but not limited to clustered 
regularly interspaced short palindromic repeats, next-generation sequencing and droplet-digital polymerase chain 
reaction (PCR) are currently being investigated to contribute to the detection of the above mentioned virus. Moreover, 
rapid detection of harmful bacteria in wastewater is achievable when utilising DNA microarray and sequencing-based 
methods[12].

Similar progression has been recorded over the past years in orthopedic infections, not only in experimental laboratory 
settings but also in clinical practice. To illustrate, utilisation of PCR-based techniques, including but not limited to DNA 
microarrays and multiplex PCR, has been one of the most important advances in periprosthetic joint infections (PJI) 
diagnosis during the last decades[13]. The readily available multiplex polymerase chain reaction techniques (i.e., 
commercial and bespoke ones) feature satisfactory diagnostic accuracy, with a specificity approaching 100% and 
sensitivity varying between 70% to 80%[13]. In addition, newer diagnostic modalities such as metagenomic next-
generation sequencing enable DNA sequencing directly from synovial fluid[14]. It has been claimed that metagenomic 
next-generation sequencing may revolutionise PJI diagnosis as it demonstrates increased sensitivity relative to PCR, while 
maintaining specificity at the same ultimate levels[13].

Is artificial intelligence applicable to in vitro models? Artificial intelligence (AI) may be implemented into orthopaedic 
in vitro models. For example, AI may aid in evaluating massive volumes of information from in vitro studies, such as gene 
expression data, protein profiles, and biomechanical data, to detect trends and make predictions. Another example would 
be application of AI to tumor models to monitor tumorigenesis progression in addition to real-time modelling[15]. 
Furthermore, AI could also aid in controlling the quality of organoids in the field of organogenesis and bioprinting 
technology[16]. In general, in vitro models frequently generate enormous volumes of data, including pictures and signals 
from several imaging modalities such as microscopy, radiography, and biomechanical sensors. AI enables assessing those 
data, extracting relevant information, and spotting small changes that human eyes may miss. This can facilitate 
measuring cellular activity, tissue shape, and mechanical characteristics, thus resulting in a more complete knowledge of 
the underlying biology[17,18]. Therefore, researchers may better understand the underlying process of orthopaedic 
illness, predict disease development, and consider prospective therapy efficacy[19]. In addition, AI can optimize experi-
mental research designs by finetuning experimental settings, addressing sample size issues, and recommending the most 
important experiment variables that should be prioritised during analysis. Therefore, researchers may become more 
effective and productive, eliminate trial-and-error and save time and money at the same time[17]. Another example of AI 
application is referred to personalized/individualised medicine. AI may utilise patient-specific data, such as genetic 
information and medical history and construct tailored in vitro models that simulate the patient’s clinical condition. 
Researchers can monitor illness development and explore individualized treatment strategies, leading to more effective 
and targeted therapeutic approaches.

Additionally, AI can enhance the potential of medication research by evaluating enormous databases of chemical 
substances and predicting their possible effects on orthopaedic diseases. This can further identify interesting drug 
candidates and optimize their chemical structures, improving effectiveness and safety. Moreover, AI can generate virtual 
simulations of in vitro models, thus allowing researchers to test various scenarios and treatments in a controlled and cost-
effective setting[20]. As a result, it could potentially refine experimental methods, minimise the requirement for physical 
experiments, and reduce the need to implement animal models.

Overall, AI has the potential to significantly improve orthopaedic in vitro models by enhancing predictive modeling, 
optimizing experimental design, assisting in image and signal analysis. Therefore, it improves customized therapy, 
expedites drug development, and facilitates virtual simulations. According to the above, orthopaedic researchers may 
obtain deeper insights into disease causes, devise more effective therapies, and ultimately enhance patient outcomes by 
utilizing the potential of AI.
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Figure 1 Image of a two-dimensional representation of Cutibacterium acnes growth on titanium alloy (Ti6Al4V) disk using Confocal laser 
microscopy (Leica model TCS SP5; Leica Microsystems CMS GmbH, Mannheim, Germany) following 72 h of anaerobic incubation. Live 
bacteria are represented in green and dead cells are in red.

Figure 2 Graphical illustration enables visual comparison between the intervention groups. Variant absorption among the included radial 
extracorporeal shock wave treatment study groups following spectrophotometric evaluation is depicted. rESWT: Radial extracorporeal shock wave treatment; XTT: 2-
bis(2-methoxy-4-nitro-5-sulfophenyl)-2H-tetrazolium-5-carboxanilide.

Are in vitro “ex-vivo” infection models viable options? Ex vivo orthopaedic models allow using bone or muscle tissue as 
a substrate to form biofilm infections such as osteomyelitis[21]. These models appear particularly advantageous relative 
to their in vitro counterparts as they maintain important biological factors from the hosts[22]. Ex vivo experiments are 
cheaper than animal models and can spare animal lives[23]. However, careful consideration prior to selecting this type of 
laboratory research is advisable since no immune system interactions occur, and therefore the results may be suboptimal 
compared to in vivo settings[24].

CONCLUSION
Over the last years, the perception of orthopaedic conditions has shifted towards a more basic science-oriented approach. 
Therefore, the value of conducting high-quality basic science research tends to be increasingly appreciated by the 
orthopaedic community. In addition, when appropriate, favouring basic science over clinical investigations could 
mitigate the clinical research obstacles to some extent. However, it is important to highlight that unwarranted extrapol-
ations of basic science research to human biology should be avoided.
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