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Abstract 
Open-Source Software has been increasingly implemented in the healthcare industry, 
providing advantages such as interoperability, cost-efficiency and adaptability. This 
study conducts a systematic literature review (SLR) to identify Open-Source Projects and 
Foundations in healthcare. It provides an overview of research trends, projects and 
foundations related to Open-Source Software in the healthcare sector from 2016 to 2023. 
The review examines 217 papers collected from IEEE Xplore, ACM Digital Library, 
Scopus and Springer. The findings show that while Open-Source Projects like 
“OpenMRS”, “3D Slicer” and “VistA” are well researched, Open-Source Foundations 
remain mainly unexplored. Key topics of the investigated literature include “Health Data 
Management”, “Medical Imaging” and “Digital Health”. There is a gap of research on 
niche topics like “Genomic Medicine” and “Diabetes Care”. The study provides a general 
understanding of the current landscape, showing directions for future research.  
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1. Introduction 
Open-Source Software (OSS) has existed since the 1950s, primarily used for software and 
computer applications and has grown in popularity ever since (Waring & Maddocks, 2005). In 
the late 1990s, when healthcare providers began focusing on creating integrated-care delivery 
systems, conventional software failed to meet these demands. OSS posed as an alternative, 
offering system compatibility and cost reduction (Goulde & Brown, 2006; Bagayoko et al., 
2010; Syzdykova et al., 2017).  

The growing significance of open-source software projects in the healthcare industry led to 
increased academic research in diverse areas including electronic health records (EHR), 
medical 3D printing and data management tools (Iribarren et al., 2017; Mohamad et al., 2022; 
Sobral et al., 2021; Van Biesen et al., 2022). Despite the increased research and growing 
number of OSS projects in the healthcare sector, there is a lack of literature reviews or 
systematic mapping studies that analyze the scope of existing research in this domain. 

This article reviews the current state of research on OSS in healthcare. Our research questions 
are: 

● RQ1: What are the research trends about open-source foundations and projects in 
healthcare between 2016 and 2023? 

● RQ2: Which open-source foundations are investigated in the literature between 2016 
and 2023? 

● RQ3: Which open-source projects are investigated in the literature between 2016 and 
2023? 

To address these research questions, a systematic literature review was conducted across four 
databases, covering the period from 2016 to 2023. This review aims to provide a 
comprehensive overview of the current state of the literature, offering valuable insights to guide 
researchers in identifying promising areas for future investigation. Furthermore, medical 
professionals may utilize this review to explore available tools and projects that could be 
integrated into their clinical practice. 

The rest of this paper is organized as follows: Section 2 provides an overview of related work. 
Section 3 explains the research questions that guided our study. Section 4 outlines the 
methodology used for the systematic literature review and Section 5 presents the results of our 
research. In Section 6, we discuss the implications of these findings and in Section 7 the 
limitations of this review are discussed. Finally, Section 8 concludes the paper.  
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2. Related Work 
This section provides an overview of prior research relevant to the topic. Subsection 2.1 focuses 
on open-source software (OSS) projects in the healthcare sector and section 2.2 examines open-
source foundations and their role in supporting OSS development within healthcare. 

2.1 Open-Source Software Projects in Healthcare 
One of the earliest open-source software (OSS) projects in healthcare was COSTAR, 
introduced in the late 1970s when Octo Barnett freely distributed the source code for the 
COSTAR ambulatory medical record. This groundbreaking initiative marked the beginning of 
a series of OSS projects in the healthcare sector (McDonald et al., 2003). Open-source projects 
have since significantly contributed to the healthcare field by enabling different systems to 
connect seamlessly, fostering an online community of informaticians, and advancing the 
development of interoperable and standardized electronic health records (Frade et al., 2013; 
Nagy, 2007; Oyri & Murray, 2005). 
 
Researchers have mostly been focusing on open-source electronic health records (OS-EHR). 
Purkayastha et al. (2019) compared five OS-EHR systems with each other. These five systems 
were GNUHealth, OpenEMR, OpenEHR-based EHR, OpenMRS and VistA EHR. The authors 
evaluated these systems based on 32 criteria, including interoperability, privacy and security, 
and whether they meet essential healthcare standards outlined by the Institute of Medicine, 
such as ensuring patient safety and providing effective care. OpenEMR performed the best, 
meeting all 32 criteria, followed by VistA EHR meeting 28 criteria. OpenMRS met 12 criteria 
fully and 11 partially, OpenEHR-based EHR met 10 fully and 3 partially, and GNUHealth met 
the least with only 10 criteria fully and 2 partially. Despite this, OpenMRS stood out for its 
better user performance, such as faster patient searches and navigation. Additionally, the study 
identified geographic trends, with OpenEHR gaining popularity in Northern Europe and 
Australia, OpenMRS in Africa and South Asia, and OpenEMR in the United States and Brazil 
(Purkayastha et al., 2019). 
 
Aminpour et al. (2014) conducted a systematic review to examine the utilization of open-source 
electronic health records (OS-EHR) worldwide. The study identified 13 OS-EHR systems: 
AMRS, Androbase, Hospital OS, iSante, iTrust, OpenEHR, OpenMRS, OpenVistA, OSCAR, 
OSCC, PING, PropeRweb, and WorldVistA. They evaluated the countries where these systems 
were utilized, such as AMRS in Kenya and the USA, OpenMRS across 19 countries primarily 
in Africa and South Asia, and OpenEHR in Australia, Sweden, and Uruguay. The primary 
reasons for their adoption varied, including cost-efficiency (e.g., Hospital OS, iSante), 
flexibility to modify and improve (e.g., OpenEHR, OpenVistA), improving workflows and 
usability (e.g., Androbase), and enhancing data integration and communication (e.g., OSCC). 
These findings highlight how OS-EHR systems address diverse needs, particularly in resource-
limited regions (Aminpour et al., 2014). 
 
Syzdykova et al. (2017) conducted a systematic review of open-source electronic health record 
(OS-EHR) systems, focusing on their implementation in low-resource settings. The study 
evaluated five OS-EHR systems—GNU Health, OpenEMR, FreeMED, OpenMRS, and 
Bahmni—using 21 key features such as interoperability, modularity, development activity, and 
community support. Bahmni stood out for its comprehensive integration of different systems, 
while OpenMRS excelled in modularity and customization for resource-constrained 
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environments. OpenEMR offered strong interoperability and multilingual support, making it 
suitable for diverse settings. FreeMED was praised for its simplicity but lacked offline support, 
and GNU Health emphasized social determinants of health with its patient and health center 
management features. Despite their benefits, the study highlighted common challenges such as 
lack of offline functionality and limited training resources. This study’s findings aim to guide 
the selection and implementation of OS-EHR solutions in resource-constrained environments 
(Syzdykova et al., 2017).  
 
Iribarren et al. (2017) conducted a scoping review to evaluate SMS/text messaging platforms 
for mobile health (mHealth) interventions. The study initially identified 27 platforms but 
included only 22 in the final evaluation, focusing on features such as interoperability, ease of 
setup, data security, and suitability for low-resource settings. Of these platforms, 14 were open 
source, 10 were healthcare-specific, and 16 targeted low-resource environments. 15 platforms 
supported a do-it-yourself setup, while the remainder required programming or customization 
by vendors. Frequently described features included data security and access via cloud-based 
systems. Notable platforms included CommCare, FrontlineSMS, and RapidSMS. Challenges 
included limited offline functionality, high costs for scaling, and insufficient documentation on 
platform-specific strengths and weaknesses. This review offers valuable insights for 
researchers and healthcare professionals aiming to integrate SMS-based interventions into 
healthcare programs effectively (Iribarren et al., 2017). 
 
The OSS community in the healthcare sector is thriving, contributing to diverse research areas. 
However, the adoption and implementation of OSS in healthcare still face challenges, including 
ensuring interoperability between systems, compliance with healthcare standards, and 
integration into clinical workflows (Janamanchi et al., 2009). Despite these obstacles, OSS 
shows significant potential for addressing key healthcare needs and continues to be a focus of 
research and innovation. Nonetheless, the limited availability of systematic literature reviews 
in this field underlines the need for a comprehensive overview of existing research. 

2.2 Open-Source Foundations in Healthcare 
Open-source software foundations (OSSFs) are non-profit organizations that provide 
governance structures, financial resources, and legal frameworks for open-source projects. 
Their responsibilities include organizing the developer community, managing intellectual 
property rights, setting strategic directions, and ensuring the long-term viability of their 
projects. These structures ensure their sustainability and independence from individual 
contributors or single companies (Riehle, 2010; Riehle & Berschneider, 2012; Prattico, 2012). 
 
Despite their widespread application in technology sectors, the role of OSSFs in healthcare 
remains underexplored. Further exploration of OSSFs in healthcare could reveal new 
opportunities for innovation, collaboration, and accessibility.  
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3. Research Questions 
This review aims to evaluate the current state of research of open-source software in the 
healthcare sector. To achieve this, the review is guided by the following three research 
questions. 
 
RQ1: What are the research trends regarding open-source foundations and projects in 
healthcare between 2016 and 2023? 
This question aims to reveal key research topics. By analyzing these trends, we aimed to 
provide insights into the development of open-source healthcare research, highlighting trends 
and identifying areas that have not been researched yet. 
 
RQ2: Which open-source foundations have been explored in the literature between 2016 and 
2023? 
Examining the foundations that support open-source projects is key to understanding the 
support structure behind those projects. This evaluation seeks to assess the role of open-source 
foundations in fostering healthcare innovation and explore their impact on research. 
 
RQ3: Which open-source projects have been studied in the literature between 2016 and 2023? 
Identifying the open-source projects evaluated in the literature provides insights into the 
available technology. By addressing this question, we aimed to show medical professionals 
available open-source solutions for specific needs and to provide an understanding about the 
state of research to researchers which projects have been investigated in the literature.  
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4. Research Design 
We followed the guideline of Kitchenham (2004) for our systematic literature review (SLR). 
The systematic review by Kitchenham (2004) consists of three main stages: Planning, 
Conducting and Reporting the study. Each stage is structured with specific steps to ensure rigor 
and transparency (Table 1). 

Table 1 SLR Stages and Specific Steps 

SLR Stages Specific Steps 

Planning 
➔ Justifying the need for the review 
➔ Developing a protocol, including research questions 

and search strategies 

Conducting 
➔ Identifying and selecting relevant studies using 

defined inclusion and exclusion criteria 
➔ Reviewing the relevance of selected studies and 

extracting data systematically 
➔ Synthesizing data to answer research questions 

Reporting 
➔ Presenting the methodology and findings 

transparently in a structured format. 

4.1 Planning the Review 
The planning phase began with identifying the need for the review, as detailed in Section 1: 
Introduction and Section 2: Related Work. Given the growing application of open-source 
software in healthcare, this review aimed to address gaps in understanding research trends, 
projects, and foundations in this domain. 

A review protocol was developed to guide the process. This included Research Questions 
(Section 3: Research Questions) and a search strategy with the specific terms “open source 
software” AND “healthcare”. The full protocol can be found in Appendix C. 

4.2 Conducting the Review 
This phase includes identifying and selecting the primary studies, applying inclusion and 
exclusion criteria, and systematically extracting and synthesizing data to address the research 
questions. 
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4.2.1 Identification of Research 
The identification of primary studies was conducted in two stages. In May 2024, we performed 
the first search in the databases ACM Digital Library, IEEE Xplore, and Scopus using the 
search string “open source software” AND “healthcare”. This search was applied to titles, 
keywords, and abstracts, but conference papers were excluded at this stage to focus on journal 
articles. This search resulted in a total of 968 papers.  

In October 2024, a second search was conducted to expand the scope of the review. This search 
included the Springer database and incorporated conference proceedings that were previously 
excluded. By broadening the sources and including additional publication types, this stage 
ensured a more comprehensive coverage of the literature. 

The overall search covered publications from 2016 to 2023, a time frame chosen to reflect the 
most current state of research while maintaining a manageable scope. Across both searches, a 
total of 2,202 papers were identified (Table 2).  

Table 2 Search Engine Results 

Database Number of Primary 
Search Results 

ACM Digital Library 557 

IEEE Xplore 157 

Scopus  256  

Springer 1232 

total 2202 

 4.2.2 Selection of Studies 
To identify the publications relevant to our research questions, firstly we defined our inclusion 
and exclusion selection criteria. 

Our inclusion criteria are:  

● Papers that are written in English 
● Papers that are peer-reviewed 
● Papers that focus on open-source software in the healthcare sector 

Our exclusion criteria are: 

● Papers that are duplicate 
● Papers that are inaccessible 
● Paper that are flagged as “not reliable” by the database 
● Studies that are not peer-reviewed research papers 

Articles that did not meet the inclusion criteria or met the exclusion criteria were excluded.  
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The filtering process was conducted in three systematic steps to ensure a transparent selection 
of relevant studies (Figure 1). In Step 1, duplicate entries (273) and papers not written in 
English (7) were excluded. In Step 2, further exclusions were applied. Papers that were 
inaccessible or flagged as "unreliable" by the database (20), papers that did not meet the type 
criteria (199), and papers with mismatching keywords (1,437) were removed. This step resulted 
in a reduced dataset of 266 papers. In Step 3, a full-text review was performed on the selected 
papers to evaluate their relevance in greater detail. During this step, papers not focusing on 
OSS (49) were excluded, leaving 217 papers for inclusion in the data extraction process. 

 

Figure 1 Search and Filtering Process for Research Papers 
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4.2.3 Data Extraction 

We extracted key information from each paper. These information are the 

● Search Venue (one of the four databases) 
● Number of citations 
● Author(s) 
● Title of the paper 
● Type of content (conference paper or article) 
● Year of publication 
● Article URL 

For each paper, the status (excluded or included) was documented. For excluded papers, the 
specific reason for exclusion was noted to ensure transparency of the selection process. For 
included papers, the following information was systematically extracted: 

● Short summary of the paper 
● Publication Venue 
● Key healthcare area researched 
● (If mentioned) open-source project investigated 
● (If mentioned) open-source foundation evaluated 

To ensure clarity and reproducibility, “query date” was recorded. The extracted data was 
organized in a data extraction table using Google Sheets, providing a clear and structured 
overview of the included studies. This approach facilitated the systematic documentation of 
findings and supported the synthesis process. 

4.3 Reporting the Review 

The reporting is presented in this thesis, with further detailed documentation available in 
Appendix A-1, A-2, and B. The full list of reviewed papers is divided into two appendices: 
Appendix A-1, which presents the Search Venue, Query Date, Author, Title, Type, Status, 
Journal, and Year of Publication of the included papers; and Appendix A-2, which provides 
the Title, Topic (a short summary of the paper), Topic Keywords, and Article URL of the 
included publications. Appendix B contains the full list of excluded papers.  
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5. Research Results 
By extracting and analyzing the data, we addressed our research questions. In Section 5.1, we 
present the research trends observed in the literature and provide answers to RQ1. In Section 
5.2, we present the open-source foundations to answer RQ2. Finally, in Section 5.3, we evaluate 
the identified open-source projects and address RQ3. 

5.1 Research Trends Regarding Open-Source Foundations and Projects 
in Healthcare Between 2016 and 2023 
Figure 2 illustrates the annual distribution of academic papers included in this literature review 
from 2016 to 2023. The number of included papers started at 17 in 2016 and increased to 19 in 
2017, followed by a further rise to 22 in 2018. In 2019, the number reached 28 papers and 
slightly decreased to 27 in 2020. 

The highest number of included papers was observed in 2021, with 35 publications. In the 
following years, the number of included papers decreased to 29 in 2022 and 23 in 2023. 

 
Figure 2 Annual Distribution of Included Papers 

Table 3 shows the distribution of included papers across various journals and conferences. The 
venues are listed alongside the number of papers published in each. The most frequent 
publication venue is the Journal of the American Medical Informatics Association, with 7 
relevant articles, followed by the Conference on Human Factors in Computing Systems, which 
accounts for 6 papers. Other notable venues include the Journal of Digital Imaging with 4 
papers and Human-Computer Interaction, IEEE Access, International Journal of Medical 
Informatics, Lecture Notes in Computer Science and BMC Medical Informatics and Decision 
Making, each with 3 publications. Journals and conferences with only one relevant article were 
excluded from this table. In total, 157 different journals and conferences were included in our 
research which published papers related to OSS in healthcare. Out of the 217 collected papers, 
98 are research articles and 119 conference papers. 
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Table 3 Distribution of Journals and Conferences 

 

We also analyzed the different research topics to discover trends. Figure 3 presents the research 
topics of the included papers with the counts of published papers about this topic. Health Data 
Management is the most researched topic with 30 papers, followed by Medical Imaging with 
24 and Digital Health with 23 papers. Other significant topics are IT Infrastructure with 22 
published papers and EHR with 16 papers. In total, 20 different topics are investigated in our 
research scope. 

 

Figure 3 Research Topic Distribution in Relevant Papers 
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We analyzed the distribution of research topics across two time periods: 2016–2019 and 2020–
2023 and presented it in Figure 4. The charts on the left display the topics studied between 
2016 and 2019, with "Health Data Management" leading at 16 papers, followed by "IT 
Infrastructure" (13 papers) and "Electronic Health Records" (12 papers). During this period, a 
total of 19 distinct research areas were explored. In the subsequent period, 2020–2023, 
"Medical Imaging" emerged as a key focus with 15 research papers, closely followed by 
"Health Data Management" (14 papers) and "Digital Health" (13 papers). Additional 
prominent topics included "COVID-19" and "Public Health." Overall, 20 unique topics were 
examined during the second time frame. 

 
Figure 4 Comparison of Open-Source Topics in Healthcare (2016-2019 and 2020-2023) 

5.2 Open-Source Foundations Explored in the Literature Between 2016 
and 2023 
We observed six open-source foundations explored in the literature. These are: openEHR 
Foundation, Open Health Imaging Foundation, LibreHealth, OpenHIE, IMIA Open Source 
Working Group and HL7 FHIR Foundation. 

Figure 5 showcases the different open-source foundations in healthcare that were evaluated in 
the included papers and Table 4 provides an overview of the literature mentioning each of these 
foundations. 

 

 
Figure 5 Open-Source Foundations in Included Papers 
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Table 4 Overview of Related Studies for Open-Source Foundations 

Foundation Name Related studies found in the literature 

openEHR Foundation Hak et al. (2020), Min et al. (2018), Oliveira et al. (2016), Paton & 
Karopka (2017) 

Open Health Imaging 
Foundation (OHIF) 

Chang et al. (2016), Escudero Sanchez et al. (2023), Wadali et al. 
(2020) 

LibreHealth Merine et al. (2022), Purkayastha et al. (2020) 

OpenHIE Nguyen et al. (2017), Nguyen et al. (2019) 

IMIA Open Source 
Working Group 

Warner et al. (2016) 

HL7 FHIR Foundation Paton et al. (2022) 

The “openEHR Foundation” was mentioned the most, with four mentions. The “openEHR” 
Foundation is an international, non-profit community aiming to improve and help build re-
usable and interoperable electronic health records of high quality, supporting the needs of 
patients and clinicians all around the world (Ingram, 2002). Oliveira et al. (2016) discussed the 
use of openEHR compositions, supported by the openEHR Foundation, to improve the 
interoperability of healthcare data. The study focused on the project “Clinical Document 
Online Translator (CDOT)”. CDOT converts HL7v2.X messages, which are standardized 
formats used to exchange healthcare information between systems like hospital records and 
laboratory systems, into openEHR compositions. This project emphasized the importance of 
open standards, like the OpenEHR standard provided by the openEHR foundation, in 
addressing fragmented hospital information systems and improving data interoperability 
(Oliveira et al., 2016). Hak et al. (2020) highlighted the role of the openEHR Foundation in 
providing a framework to support interoperability and standardized clinical data management. 
The authors emphasized the openEHR Clinical Knowledge Manager (CKM), an open 
repository provided by the foundation. CKM facilitates the creation, management, and sharing 
of archetypes and templates. This infrastructure supports healthcare facilities in achieving data 
consistency, improving clinical decision-making, and fostering collaboration among healthcare 
professionals (Hak et al., 2020). Min et al. (2018) conducted a study on the feasibility of using 
the openEHR approach to model complete electronic health records (EHRs) in a Chinese 
hospital. The paper focused on creating archetypes and templates to represent clinical data 
requirements. Most archetypes were reused from the openEHR Clinical Knowledge Manager 
(CKM), with some modified or newly developed to meet local needs. The study emphasized 
the role of the openEHR Foundation in enabling standardized and interoperable EHRs while 
highlighting challenges like localization, tool support, and governance in implementing 
openEHR solutions in emerging markets like China (Min et al., 2018). Paton and Karopka 
(2017) explored the role of OSS in building Learning Health Systems (LHSs), focusing on its 
potential to improve data sharing and decision-making in healthcare. They briefly mentioned 
the openEHR foundation as an international community that has also developed open source 
tools for modeling clinical data, supporting interoperability and secondary data use (Paton & 
Karopka, 2017). 
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The “Open Health Imaging Foundation (OHIF)” follows with three mentions. OHIF was 
launched in 2015 through a partnership between a Hospital’s Department of Radiology and 
Radical Imaging. It is a non-profit organization that focuses on a web-based open-source 
medical imaging platform for the global community (Open Health Imaging Foundation, 2015). 
Wadali et al. (2020) evaluated several free, open-source, web-based DICOM viewers for their 
integration into the Indian National Telemedicine Service, eSanjeevani. A DICOM viewer is a 
software application that enables healthcare professionals to view, analyze, and manipulate 
medical images stored in the DICOM format, which is the global standard for medical imaging. 
Among these, the OHIF DICOM Viewer was mentioned as a solution for displaying medical 
images in web browsers. The study noted that OHIF provides general-purpose and specialized 
tools, such as the Lesion Tracker for oncology, showcasing its flexibility in supporting clinical 
imaging workflows. However, the need for a DICOM server for its full functionality posed a 
challenge for the targeted use case (Wadali et al., 2020). Chang et al. (2016) explained how 
image informatics can be used in personalized medicine and introduced open-source tools for 
working with medical images. They mention OHIF as a nonprofit organization focused on 
developing open-source clinical radiology tools, including a web-based viewer that supports 
displaying medical images on various platforms (Chang et al., 2016). Escudero Sanchez et al. 
(2023) presented a prototype pipeline for integrating artificial intelligence (AI) tools into 
clinical research settings, focusing on ovarian cancer as a use case. They utilized the OHIF 
Viewer, a web-based tool for visualizing and interacting with medical images, as part of their 
workflow. The OHIF Viewer was integrated with XNAT, providing a zero-footprint, user-
friendly interface that enables radiologists to view and edit AI-generated image segmentations 
directly in their browser (Escudero Sanchez et al., 2023). 

“LibreHealth” was mentioned twice in our included papers. It is a collaborative community 
supporting free and open-source software projects in Health IT. All discussion, project plans, 
and designs are open to everyone, giving the same opportunity to all. Main focuses of projects 
include EHR and Radiology Information Systems (RIS) (LibreHealth, n.d.). The paper by 
Merine et al. (2022) describes the development of the LibreHealth Cost-of-Care Explorer, a 
mobile application aimed at improving price transparency in healthcare. This app helps 
patients access hospital chargemasters in a consumer-friendly format, enabling comparison of 
medical procedure costs across hospitals to promote informed decision-making and 
affordability (Merine et al., 2022). Purkayastha et al. (2020) described the integration of the 
CheXNet deep learning algorithm into the LibreHealth Radiology Information System (RIS) to 
facilitate the detection of thoracic diseases from chest X-rays. The study highlighted how 
LibreHealth enables the use of advanced AI tools within clinical workflows, emphasizing its 
modular architecture and open-source accessibility. The integration of AI into LibreHealth 
highlights its potential to enhance diagnostics and address radiologist shortages in resource-
limited settings (Purkayastha et al., 2020). 

“OpenHIE” was also mentioned twice. It is a community, formed in 2013, that builds an open 
framework to support nations with the development of health information exchanges (HIEs). 
This enables data to be shared between databases, facilities and across countries (OpenHIE, 
n.d.). Nguyen et al. (2019) examined the role of OpenHIE in promoting interoperability and 
reducing fragmentation in health information systems in Tanzania and the Philippines. In 
Tanzania, it guided the development of a national Health Information Exchange (HIE), 
integrating shared records and facility registries. In the Philippines, OpenHIE inspired the 
design of the Philippine Health Information Exchange (PHIE), influencing foundational 
registries and governance (Nguyen et al., 2019). Nguyen et al. (2017) explored how OpenHIE 
helps improve national health information systems in developing countries. The study 
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highlighted OpenHIE’s work in addressing fragmented health systems by creating a reusable 
framework based on international health data standards. This framework includes components 
like shared health records and facility registries, connected through an interoperability layer. 
OpenHIE also provides advisory services and advocates for underserved regions, promoting 
better integration and person-focused healthcare systems (Nguyen et al., 2017). 

The “HL7 FHIR Foundation” has one mention and is a non-profit open-source community 
that supports global adoption and implementation of the FHIR platform standard. The 
foundation provides information, tools, websites and project support. The aim is to improve 
interoperability of health data and quality, efficiency and effectiveness of the healthcare sector 
(HL7 FHIR Foundation, n.d.). Warner et al. (2016) described the development of an application 
called SMART Precision Cancer Medicine (SMART PCM), which uses the HL7 FHIR standard 
to integrate genomic data into clinical workflows. They highlighted how the HL7 FHIR 
Foundation supports interoperability by providing a framework to standardize genomic data. 
The app extends FHIR resources to help oncologists visualize and use genomic information in 
real time, demonstrating how FHIR can advance precision medicine by connecting genomic 
data with electronic health records (Warner et al., 2016). 

“IMIA Open Source Working Group (IMIA OS WG)” was evaluated once. The “IMIA OS 
WG” was founded in 2002 as a working group of the International Medical Informatics 
Association. The objective of the group is raising awareness of open-source software in 
healthcare. They disseminate knowledge, provide a neutral collaboration platform, foster 
collaborations between open-source healthcare projects and lower the perceived barriers to the 
adoption of OSS in healthcare (IMIA, n.d.). Paton et al. (2022) provided an overview of the 
contributions of the IMIA OS WG to improving healthcare systems through open-source digital 
health tools. The study highlighted key projects like DHIS2, OpenMRS, and openIMIS, 
showcasing their role in making healthcare more resilient, accessible, and equitable. The IMIA 
OSWG was described as a collaborative global community promoting the adoption of open-
source solutions to enhance interoperability, usability, and health equity in diverse contexts 
(Paton et al., 2022). 

5.3 Open-Source Projects Explored in the Literature Between 2016 
and 2023 
A total of 86 open-source projects were analyzed in the collected papers, with the top 10 most 
frequently mentioned projects displayed in Figure 6. "3D Slicer" leads with mentions in 10 
papers, followed by "OpenMRS" with 8 mentions. "VistA" ranks third with 4 mentions, while 
"Synthea," "Open Data Kit (ODK)," "Apache Hadoop," "Blender," "Dicoogle," and "XNAT" 
each appear in 3 papers. Additionally, 10 other projects were examined in 2 papers each. 
Notably, 96 of the collected papers did not reference any specific open-source project. 
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Figure 6 Open-Source Projects in Included Papers 

Table 5 provides a summary of the literature that analyzed the projects 3DSlicer, OpenMRS, 
and VistA. 

Table 5 Overview of Related Studies for Open-Source Healthcare Projects 

Project Name Related studies found in the literature 

3D Slicer Bianchi et al. (2020), Fichtinger et al. (2021), Geerlings-Batt et al. 
(2022), Lemarteleur et al. (2020), Mandolini et al. (2022), Pakvasa et al. 
(2022), Quiñones Rodríguez et al. (2023), Ruiz-Alzola et al. (2018), 
Sharma, Vilarrubias, and Verschure (2023), Syamlan et al. (2022) 

OpenMRS Eapen et al. (2019), Goel et al. (2017), Hossain et al. (2019), Jawhari et 
al. (2016), Martsenyuk et al. (2019), Paton et al. (2022), Paton and 
Karopka (2017), Shaikh et al. (2022) 

VistA Inoue and Zhou (2016), Jones, Smith, and Patel (2020), Rajeevan et al. 
(2017), Shaikh et al. (2022) 

 
“3D Slicer” is an open-source desktop software used to solve advanced image computing 
challenges and focuses on clinical and biomedical applications. It provides users tools for 
visualizing, processing and analyzing medical images and encourages collaboration among 
developers and users worldwide (Pieper et al., 2004; Slicer, n.d.). 3D Slicer was mentioned in 
four different research areas in our collected papers (Figure 7). These are: medical imaging, 
3D printing, education and training, and cancer care. 
 
“Medical Imaging” makes up nearly half of the research regarding “3D Slicer” with 4 papers 
[Ruiz-Alzola et al., 2018; Bianchi et al., 2020; Sharma, Vilarrubias, and Verschure, 2023; 
Mandolini et al., 2022]. Ruiz-Alzola et al. (2018) examined the use of "3D Slicer" for 
developing advanced segmentation techniques in radiology. The study highlighted the 
platform's ability to integrate different imaging modalities, such as CT and MRI, into a single 
workflow, enabling detailed anatomical modeling. However, challenges such as the steep 
learning curve and the need for user training were noted as areas for improvement, especially 
for non-technical users (Ruiz-Alzola et al., 2018). Bianchi et al. (2020) explored 3DSlicer for 
healthcare in dental and craniofacial research. 3DSlicer was used to support decision-making 
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by integrating and visualizing multimodal imaging data. Notable applications included 
treatment evaluations and surgical planning. Challenges such as ensuring user-friendly 
interfaces and optimizing workflows for clinical translation were identified as areas for 
improvement (Bianchi et al., 2020). Sharma, Vilarrubias, and Verschure (2023) researched the 
use of 3D Slicer in neuroimaging data. Specifically, the software was used to visualize and 
analyze structural brain data, such as MRI and CT scans. While 3D Slicer provided essential 
tools for visualization and segmentation, the study noted the challenges of managing data 
across multiple modalities and integrating them into unified workflows (Sharma, Vilarrubias, 
and Verschure, 2023). Mandolini et al. (2022) examined the application of 3D Slicer in hip 
surgical planning. The study highlighted 3D Slicer’s capabilities in reconstructing 3D 
anatomical models of femoral heads from CT images. It demonstrated the platform's 
effectiveness in achieving dimensional accuracy and geometric precision. Challenges 
mentioned were in usability and longer segmentation times compared to Syngo.via Frontier, a 
more user-friendly alternative (Mandolini et al., 2022). 
 
It is followed by “3D Printing”, investigated in 3 different papers [Geerlings-Batt et al., 2022; 
Quiñones Rodríguez et al., 2023; Pakvasa et al., 2022], accounting for 27.3% of research. 
Geerlings-Batt et al. (2022) investigated the use of 3D Slicer for segmenting and reconstructing 
MRI datasets to create 3D-printed anatomical models. It specifically focuses on the foot and 
ankle. While the models were detailed, the process was time-intensive and required manual 
effort due to a lack of automated tools (Geerlings-Batt et al., 2022). Quiñones Rodríguez et al. 
(2023) describes the use of 3D Slicer in designing 3D-printed moulds for personalized cancer 
treatment, specifically brachytherapy. The software was used to process CT images of patients, 
generating files to create customized molds for these patients. While the approach proved 
effective in providing tailored treatment solutions, the researchers noted that it required 
significant time and expertise due to the need for extensive manual adjustments and 
refinements (Quiñones Rodríguez et al., 2023). Pakvasa et al. (2022) developed a protocol for 
using 3D Slicer to segment CT images and create 3D-printed-models. The protocol aims to 
make 3D printing accessible to users without prior experience. It was successfully tested by 
inexperienced users, who were able to create accurate models comparable to commercial 
alternatives (Pakvasa et al., 2022). 
 
3D Slicer is mentioned twice [Syamlan et al., 2022; Lemarteleur et al., 2020] in the research 
topic “Education and Training”. Syamlan et al. (2022) evaluated the use of 3D Slicer to 
construct virtual spine models in a surgical simulator. 3D Slicer helped segment CT images. 
The data then was refined with other tools and algorithms and exported as 3D files. The 3D 
models were used in a virtual reality simulator to help surgeons practice placing pedicle screws 
(Syamlan et al., 2022). Lemarteleur et al. (2020) used 3D Slicer to segment CT images and 
create 3D models of the kidney and ureter for surgical training. While effective in replicating 
surgical sensations such as needle penetration and cutting strength, the elasticity of the 
materials differed from biological tissues, highlighting an area for improvement (Lemarteleur 
et al., 2020). 
 
Fichtinger et al. (2021) researched 3D Slicer in “Cancer Care” by developing “NaviPBx”, a 
prostate biopsy system. 3D Slicer was incorporated for image analysis and visualization. The 
modular design of 3D Slicer allowed integration of spatial tracking and real-time guidance, 
enhancing biopsy accuracy (Fichtinger et al., 2021). 
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Figure 7 Research Topics within 3D Slicer Projects 

“OpenMRS” project started in 2004 to facilitate the development of electronic medical record 
(EMR) systems in developing countries.  It is the world's leading open source EMR platform 
as of 2024 being used in more than 80 countries and has helped over 22 million patients so far 
(Mamlin et al., 2006; OpenMRS, n.d.). The system was designed for a limited-resource 
installation, using tools that are mostly freely available and open-source, ensuring a low-cost 
and easily updatable system (Wolfe et al., 2006). Figure 8 displays the distribution of research 
topics within OpenMRS projects in our included papers.  
 
“Electronic Health Records” is one of the most common topics, accounting for 25% of the 
research analyzing OpenMRS projects with 2 papers [Shaikh et al., 2022; Martsenyuk et al., 
2019]. Shaikh et al. (2022) assess the alignment of OpenMRS with healthcare standards. The 
findings highlight that OpenMRS provides a comprehensive framework for customization, 
supports multiple clients within intranet and internet architectures, and demonstrates strong 
potential for integration with third-party modules, such as Clinical Decision Support (CDS) 
and Computerized Practitioner Order Entry (CPOE). However, the challenges identified 
include the need for improved architecture and layout in the pharmacy, laboratory, and 
radiology modules, as well as the absence of a Picture Archiving and Communication System 
(PACS). The authors suggest enhancing advanced CDS functionalities, integrating AI and data 
analytics tools, and extending interoperability with external data sources and FHIR standards 
to address these limitations and advance the system's capabilities (Shaikh et al., 2022). 
Martsenyuk et al. (2019) focus on the integration of EHR, specifically OpenMRS, into machine 
learning workflows for medical research. It explores how OpenMRS is used to export 
structured datasets for tasks such as classification, regression, and prediction. The study 
highlights the challenges of data interoperability and the reliance on custom modules for HL7-
based data exchange. Despite these limitations, the authors demonstrate OpenMRS’s potential 
in facilitating predictive healthcare applications, such as fracture risk modeling, by providing 
accessible clinical data and supporting the development of machine learning models 
(Martsenyuk et al., 2019). 
 
“Digital Health” also contributes to 25% of the research on OpenMRS with two research 
papers [Paton et al., 2022; Goel et al., 2017]. Paton et al. (2022) researched open-source digital 
health software and evaluated the use of OpenMRS as a digital electronic health record (EHR) 
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system in low-resource settings. Their findings highlight that OpenMRS is deployed in at least 
44 countries to support care for HIV, tuberculosis and maternal-child health (Paton et al., 2022). 
The use of OpenMRS as the backend electronic health record (EHR) system for the Intelehealth 
telemedicine platform was researched by Goel et al. (2017). The platform is designed to 
improve healthcare access for underserved populations. OpenMRS facilitates the collection, 
storage, and management of patient data, enabling community health workers (CHWs) to 
connect with remote doctors for diagnosis and treatment (Goel et al., 2017). 
 
One paper [Paton and Karopka, 2017] focuses on the implementation of OpenMRS in the 
research area “Medical Education and Training”. OpenMRS was examined in the 
development of Learning Health Systems (LHS). Its modular and collaborative design makes it 
a key component in creating scalable healthcare infrastructures. However, the authors highlight 
challenges such as the need for broader standardization, improved data privacy, and enhanced 
scalability to fully realize its potential in supporting (Paton and Karopka, 2017). 

“Patient-Care” was researched once [Eapen et al., 2019)] with OpenMRS, focusing on its role 
in consolidating patient data from various sources. It was integrated into the Drishti 
framework. The system offers features like hGraph, providing visual summaries of patient 
health to assist clinicians in decision-making. However, limitations were noted in handling data 
types such as images and ECG recordings, as well as in privacy, security, and patient safety 
measures (Eapen et al., 2019). 

“Health IT Infrastructure” was examined in Jawhari et al. (2016), which evaluates the 
implementation of OpenMRS in two urban slum clinics in Nairobi, Kenya. The study focuses 
on how OpenMRS supports patient data management, care continuity, and system efficiency 
in resource-constrained environments. It highlights challenges such as unreliable infrastructure, 
limited interoperability with other health systems, and difficulties with staff training and 
resistance to unique personal identifiers. The authors emphasize the importance of tailored 
implementation strategies to address these barriers and ensure sustainable use of OpenMRS in 
such settings (Jawhari et al., 2016). 

Hossain et al. (2019) explored the application of OpenMRS in “Health Data Management”. 
The study evaluated OpenMRS as a tool for process modeling and improvement in clinical 
workflows. It highlighted the use of Petri Net diagrams to document workflow patterns, such 
as patient registration and vitals collection, and identified areas for optimization, including 
reducing bottlenecks and inefficiencies. OpenMRS was noted for its modular design, which 
enables customization for specific clinical settings. However, challenges such as the need for 
standardized workflows and data integration across systems were emphasized as areas for 
further development (Hossain et al., 2019). 
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Figure 8 Research Topics within OpenMRS Projects 

“VistA” (Veterans Health Information System and Technology Architecture) was first 
deployed under the name “Decentralized Hospital Computer Program (DHCP) in 1985 by the 
Veterans Health Administration (VA) of the U.S. Veterans Administration. In 1996 DHCP was 
revised and named “VistA” (West & O'Mahony, 2003). It is used to create a robust national 
healthcare information infrastructure to improve healthcare quality and patient safety. Figure 9 
illustrates the different research topics within “VistA”.  
 
“Electronic Health Records” is the leading topic with 3 papers [Jones, Smith, and Patel, 2020; 
Inoue and Zhou, 2016; Shaikh et al., 2022]. Jones, Smith, and Patel (2020) examined how 
VistA is used as an EHR system, highlighting its ability to improve patient care by organizing 
and managing medical data effectively. Key features included its flexible design, which can be 
adjusted to fit different healthcare settings, and tools like automated order entry and patient 
scheduling. However, the research also pointed out issues such as outdated technology and 
difficulties in connecting with other systems, suggesting a need for updates and better data 
sharing (Jones, Smith, and Patel, 2020). Inoue and Zhou (2016) examined "Electronic Health 
Record" systems in the United States. The study identified VistA as a cost-effective alternative 
to proprietary systems. However, challenges such as limited specialist availability and 
interoperability with modern systems were noted, underscoring the need for ongoing updates 
(Inoue and Zhou, 2016). Shaikh et al. (2022) examines the advancements in open-source EHR 
systems. The study highlights VistA as a robust and adaptable system widely used in healthcare 
facilities, particularly in the United States (Shaikh et al., 2022). 
 
“Decision Support” was examined in relation to VistA in one study [Rajeevan et al., 2017]. 
The paper explored the integration of web-based Clinical Decision Support (CDS) systems with 
VistA. The real-time patient data was provided by VistA and then used to deliver personalized 
recommendations and clinical insights. However, the study identified challenges related to data 
access and standardization within the VistA infrastructure (Rajeevan et al., 2017). 
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Figure 9 Research Topics within VistA Projects  
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6. Discussion 
In this discussion, we analyze and interpret our research results. Subsection 6.1 interprets 
Research Trends, section 6.2 reflects Open-Source Foundations and section 6.3 evaluates 
Open-Source Projects. 

6.1 Research Trends 
Figure 2 reveals the number of papers published per year in our research scope. 2016 starts 
with 17 publications rising steadily to 28 papers in 2019. This slow, but steady increase might 
indicate the growing interest and advancements in the research of open-source software in 
healthcare. In 2021, we witnessed a significant peak with 35 research papers published. This 
could be associated with the global COVID-19 pandemic. The pandemic urged for scalable and 
cost-effective solutions during the crisis, making open-source software research in this area 
very important. After the peak the number of research decreases in 2022 and 2023. This might 
indicate a shift from the high-intensive research driven by the pandemic to a more sustainable 
approach. Also, economic factors, such as inflation and supply-chain issues like shortages in 
the healthcare sector, might have impacted research.  
 
In Table 3, we can observe a wide variety of venues publishing papers in our research area. 
This indicates that open-source healthcare research is important for diverse facets of healthcare 
and spans across multiple fields, from clinical science to data analytics and decision support 
systems. However, there are core journals and conferences, such as the “Journal of the 
American Medical Informatics Association” and the “Conference on Human Factors in 
Computing Systems” that serve as key platforms in this research scope. 
 
Our review identified 20 different topics, showing the wide range of healthcare areas where 
open-source solutions can make an impact. Key areas like Health Data Management, Medical 
Imaging, Digital Health, and IT Infrastructure were the most studied, suggesting that open-
source software (OSS) is especially effective in these fields. In contrast, smaller topics like 
"Genomic Medicine" and "Rural Healthcare Access" received less attention, highlighting 
opportunities for further research. 
 
In Figure 4, we can see a shift of priorities in research. While the research on “Electronic Health 
Records” and “IT Infrastructure” diminished in 2020-2023, “Medical Imaging” gained 
significance, overtaking “Health Data Management”. “Digital Health” also was researched 
more, probably due to the pandemic's impact on remote healthcare. The pandemic also led to 
the new topic “COVID-19” and the interest in the areas “Public Health” and “Emergency 
Healthcare” grew, again reflecting the influence of the global health crisis on OSS research.  

6.2 Open-Source Foundations 
From 217 papers, only 13 evaluated an open-source healthcare foundation. The limited number 
of foundations could be implying a potential gap in the support structure of healthcare projects 
using open-source. This gap could also affect the ability to scale open-source solutions 
effectively. However, many papers mentioned projects supported by a foundation without 
mentioning or analyzing the foundation. To overcome this gap, future research could focus 
more on how foundations contribute and support open-source projects in healthcare. 
Understanding community structures, funding processes and governance strategies behind OSS 
projects could provide valuable insights. 
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6.3 Open-Source Projects 
In the collected papers, 86 different projects were mentioned. The diversity of projects 
underlines the broad applicability and impact of OSS in healthcare. 

Figure 7 illustrates the topics in which the leading project, "3D Slicer," has been utilized. 
Nearly half of the research papers focus on “Medical Imaging” (40%), followed by “3D 
Printing” (30%), reflecting its primary purpose as a medical imaging tool. Its use in “Education 
and Training” (20%) highlights its role as a learning resource for medical professionals. While 
research on “Cancer Care” (10%) is limited, it indicates potential for future exploration in this 
area. 

Figure 8 presents the topics in which "OpenMRS," has been applied. The focus on “Electronic 
Health Records” and “Digital Health” aligns with its core mission of delivering affordable, 
scalable, and digital EHR solutions. Mentions of "Health IT Infrastructure" and "Health Data 
Management" underline its technical capabilities in managing healthcare systems. Its mentions 
in “Patient Care” and “Education and Training” highlight its adaptability to diverse healthcare 
needs and contexts. 

“VistA” has been primarily researched in the context of “Electronic Health Records,” 
accounting for 75% of the studies. This highlights its foundational role in managing patient 
records securely. Its application in “Decision Support,” explored in one study (25%), further 
emphasizes its value in enhancing clinical decision-making.  
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7. Limitations 
To address the limitations of our research, we applied Guba’s (1981) trustworthiness criteria 
including credibility, transferability, confirmability and dependability. 
 
Credibility refers to the confidence in the truth of the findings. The credibility of this study 
was established by thoroughly selecting relevant studies. By using four databases, we aimed to 
capture a diverse and comprehensive set of studies relevant to our research questions. Each 
identified study was carefully reviewed twice to ensure its validity and alignment with the 
research scope. Additionally, we addressed the risk of including opinion-based articles by 
excluding non-research-based articles, non-peer-reviewed publications, and papers flagged as 
unreliable. 
 
Transferability addresses the applicability of findings to other contexts. The findings of this 
study reveal a high degree of diversity, with numerous projects being applied in varying 
contexts and for different purposes. Even the same projects were utilized in distinct areas, 
highlighting the flexibility and adaptability of open-source solutions in healthcare. This 
diversity indicates a broad applicability of the findings, suggesting their potential relevance 
across a wide range of contexts. This criterion was additionally addressed by providing detailed 
descriptions of the context and scope of the included studies, enabling readers to assess whether 
the findings could be applied to other contexts. 
 
Confirmability concerns the extent to which findings are shaped by the data rather than 
researcher bias. This was achieved by carefully documenting the selection process, exclusion 
criteria, and data extraction methods. The results are firmly rooted in the reviewed evidence. 
During the research period we further ensured accuracy by evaluating the relevance of each 
study at least twice and thoroughly reviewing the data analysis results. 
 
Dependability emphasizes the consistency and traceability of research processes. This was 
ensured through a systematic methodology following the guideline outlined by Kitchenham 
(2004). We present the data of included and excluded literature with details in Appendix A-1, 
Appendix A-2 and Appendix B.  
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8. Conclusion 
Open-source software plays an important role in healthcare, offering interoperability and cost-
reduction of implementation and maintenance. However, the current research on different 
projects and foundations is limited. To provide an overview of the state-of-the-art, we 
conducted a systematic literature review to investigate open-source projects and foundations in 
healthcare. The review covered the period from 2016 to 2023 and analyzed 217 papers 
collected from the venues ACM Digital Library, IEEE Xplore, Scopus and Springer. 

The findings reveal an increase in research activity, particularly during 2021 and 2022, 
coinciding with the COVID-19 pandemic, highlighting the growing importance of OSS in 
healthcare. The diversity of projects and publication venues further underscores the broad 
applicability and significance of OSS across various domains within the industry. Key research 
areas include "Health Data Management," "Medical Imaging," and "Digital Health," which 
dominate the literature. Conversely, niche fields such as "Genomic Medicine" and "Diabetes 
Care" remain largely underexplored, presenting opportunities for future investigation. 

Additionally, the review identified a relatively limited focus on open-source foundations, 
pointing to a significant research gap. Future studies could prioritize examining the role and 
impact of OSS foundations while exploring underrepresented areas of healthcare to fully 
leverage the potential of OSS in addressing emerging challenges and advancing the field. 
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Appendix C 

Open-Source Foundations and Open-Source Projects in 
Healthcare Literature Review Protocol V1 

(Guideline: Kitchenham, 2004) 

1. Purpose of the Review 

1.1 Research Objective 

The aim of this literature review is to provide an overview of the state of the art in open-source 
software (OSS) research within the healthcare sector. It seeks to identify and analyze examples 
of OSS foundations and projects, as well as to gather detailed information about their practical 
implementations and trends in the related literature. 

Expected outcomes are: 

● A comprehensive list of published research on OSS in healthcare, including details such 
as author, title, year, publication type (journal or conference paper), research topic, 
topic keywords, journal, and search venue 

● Identification and classification of open-source foundations relevant to the healthcare 
domain 

● Analysis of open-source projects, highlighting their roles, applications, and impacts in 
the healthcare sector 

1.2 Research Questions 

RQ1: What are the research trends regarding open-source foundations and projects in 
healthcare between 2016 and 2023? 

RQ2: Which open-source foundations have been explored in the literature? 

RQ3: Which open-source projects have been studied in the literature? 

 

2. Search Strategy 

2.1 Search Process 

The literature review will be conducted by searching the defined search term across selected 
electronic databases and libraries. The search will be restricted to papers published in English 
to ensure consistency and accessibility. 

● Search Term: “open source” AND “healthcare” 
● Databases: Google Scholar, ACM Digital Library, IEEE Xplore and Scopus 

The search will target titles, abstracts, and keywords within the specified databases. 
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2.2 Documenting the Search 

The following information will be gathered during the search process: 

● Name of the Search Venue 
● Name of the Authors 
● Title of the Paper 
● Year of Publication 
● Type of Publication (e.g., journal article, conference paper) 
● URL 

Table 1 is how our table is planned to be structured to document the key information from the 
literature search process. 

Table 1: Literature Search Documentation 

Search Venue Authors Title Year of Publication Type URL 

      

 

3. Selection Process 

After collecting the potentially relevant papers, we will evaluate these to determine if we should 
include them in the review. Papers that do not meet the defined criteria will be excluded, and 
the reasons for exclusion will be documented in a list of "excluded papers". The exclusion 
reason could be added to the list (Table 2). 

Potential Exclusion Criteria: 

● Papers not written in English 
● Duplicate papers 
● Studies that are not peer-reviewed research publications 
● Papers that do not focus on open-source software (OSS) in healthcare 

 

4. Data Extraction Process 

The data extraction process will focus on gathering detailed information from the selected 
studies to answer the research questions. The following information will be systematically 
extracted from each included paper: 

● Date of Query 
● A summary of the paper’s content 
● Key topics addressed in the study 
● Publication Venue 
● Mentioned open-source projects 
● Mentioned open-source foundations 
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The extracted data will be documented in a list of “included papers” (Table 2). 

Table 2: Example of Extracted Data from Selected Studies 

Search 
Venue 

Query 
Date 

Authors Title Type Publication 
Venue 

Year of 
Publication 

Sum
mary 

Topic 
keyword 

URL 
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Open-Source Foundations and Open-Source Projects in 
Healthcare Literature Review Protocol V2 

After conducting the initial search, we revised and improved our protocol to refine the process 
for the second search. 

Updated Search Strategy 

● Search Term: “open source software” AND “healthcare” 
● Databases: ACM Digital Library, IEEE Xplore, Scopus, Springer 

To improve the relevance of our results, we refined our search strategy by using the search 
term "open source software" AND "healthcare", as the broader term led to an overwhelming 
number of irrelevant results. 

Additionally, we decided to exclude Google Scholar from the list of databases, as it included 
too many irrelevant papers. Instead, we included Springer in our search to ensure a broader and 
more focused coverage of relevant publications. 


