
International Journal of Technology Assessment in Health Care, 33:4 (2017), 487–493.
c© Cambridge University Press 2017
doi:10.1017/S0266462317000708

OPEN-SOURCE SOFTWARE IN DENTISTRY:
A SYSTEMATIC REVIEW
Małgorzata Chruściel-Nogalska
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Objectives: Technological development and the need for electronic health records management resulted in the need for a computer with dedicated, commercial software in daily
dental practice. The alternative for commercial software may be open-source solutions. Therefore, this study reviewed the current literature on the availability and use of open-source
software (OSS) in dentistry.
Methods: A comprehensive database search was performed on February 1, 2017. Only articles published in peer-reviewed journals with a focus on the use or description of OSS
were retrieved. The level of evidence, according to Oxford EBM Centre Levels of Evidence Scale was classified for all studies. Experimental studies underwent additional quality
reporting assessment.
Results: The screening and evaluation process resulted in twenty-one studies from 1,940 articles found, with 10 of them being experimental studies. None of the articles provided
level 1 evidence, and only one study was considered high quality following quality assessment.
Twenty-six different OSS programs were described in the included studies of which ten were used for image visualization, five were used for healthcare records management, four
were used for educations processes, one was used for remote consultation and simulation, and six were used for general purposes.
Conclusions: Our analysis revealed that the dental literature on OSS consists of scarce, incomplete, and methodologically low quality information.
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Open-source projects are initiatives to develop software or
hardware ideas which are freely available solutions for use
and modification (1). For open-source hardware instructions,
knowledge and electromechanical parts or plans that allow the
construction of a specific device are provided (2), for exam-
ple, a self-replicating 3D printer (RepRap, http://reprap.org/).
Open-source software (OSS) is a computer program for which
the source code is freely published and available to the public,
enabling anyone to copy and modify it without paying royal-
ties or fees (1). The OSS community has existed for several
decades, but the popularity of OSS increased after the success
of the Linux operating system and the Apache Web server soft-
ware (3). The advantages of the use of open-source technology
in medicine (e.g., cost reduction and the ability for modifica-
tion) have been the subject of several reports (4–6). The disad-
vantages include difficulty in determining the costs associated
with software implementation for a specific solution and lack
of dedicated support online or by phone (7).

I confirm that all authors contributed significantly to this study and first two authors contributed
equally. All authors approved the final version of the submitted manuscript. This study or any part
of this study has not been published nor is being considered for publication elsewhere.

Open-source hardware is not applicable for FDA (U.S.
Food and Drug Administration), European Union, or CE (Con-
formité Européenne) certification for general medical devices
because it provides neither a well-documented workflow for
production nor proper documentation. In contrast, OSS may
receive FDA and CE approval and serve as an alternative to
commercially available solutions, such as Osirix software (8;9).
This study is a systematic review of the current literature on the
use of OSS in dentistry, designed to answer the following re-
search questions: (i) Which OSS packages for dental purposes
are described in the literature? (ii) In which areas of dentistry is
OSS used? (iii) How many OSS solutions are described in the
dental literature? (iv) What is the reporting quality of studies
on the subject of OSS?

MATERIALS AND METHODS
A single observer performed a comprehensive database search
of PubMed (Medline), Web of Science, Science Direct, and
Scopus on February 1, 2017. No time or language frame was
applied. Only articles published in peer-reviewed journals were
considered. Table 1 lists the combination of search terms which
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Table 1. Search Output with Different Search Term Combinations

Search equation PubMed Scopus ISI Web of Science Science Direct Total

Open-sourcea 31 47 28 307 413
Open-source AND dental 42 50 25 305 422
Open-source AND dentistry 46 20 4 195 265
Open-source AND dental medicine 15 8 4 194 221
Open-source AND orthodontic b 8 7 3 75 93
Open-source AND prostheticb 9 33 6 124 172
Open-source AND prosthodontic b 2 1 0 22 25
Open-source AND dental implants 3 5 6 100 114
Open-source AND ([dental OR oral] AND surgery) 13 14 9 1 37
Open-source AND periodontic b 2 0 0 9 11
Open-source AND conservativ b 11 66 39 34 150
Open-source AND restorativb 6 4 2 5 17
Total 188 255 126 1371 1940

aThe results were limited to the dental journals only.
bTruncation character - searches for the first 150 variations of a truncated term.

were translated into the appropriate equation for each database.
A senior librarian was consulted to translate the equation cor-
rectly for other databases. The titles and abstracts obtained
from the electronic search were screened and evaluated by two
reviewers. Only articles that fell within the scope of the study
(i.e., use or description of OSS in any dentistry fields) were
retrieved. Studies related to open-source hardware, the use of
OSS in general medicine or maxillofacial surgery only, and
commercial software were excluded. Articles in the field of
electronic health records and practice management were in-
cluded because these topics are universal for all health care
facilities.

The same OSS solutions may be implemented in general
dental practice and hospitals. General overview articles de-
scribing radiological OSS created to work with DICOM (Dig-
ital Imaging and Communications in Medicine) files were also
included for the same reason. These studies do not perfectly
match to dentistry, but these articles cannot be omitted to
present this topic comprehensively. Radiology, health records
management, and education are considered equally important
as endodontics, prosthetics, and other branches of dentistry.

Discrepancies in the selection process were resolved by dis-
cussion. A PRISMA flow diagram illustrates the search and
evaluation process (Figure 1). Two reviewers independently an-
alyzed all of the included articles included using a data extrac-
tion form. The level of evidence of those articles was based
on the study type, using the levels of evidence as described
by the Oxford Centre for Evidence-Based Medicine (CEBM)
(10). The studies were classified as: 1a, systematic reviews of
randomized controlled trials (RCTs); 1b, RCTs; 2a, systematic
reviews of cohort studies; 2b, cohort studies; 3a, systematic

Table 2. Critical Appraisal Criteria

Internal validity
a) Is the study based on a clearly defined research question?
b) Are the selection criteria adequate for responding to the objectives of this study?
c) Are the conclusions responding to the objectives of the study?
External validity
a) Is the study group well defined?
b) Is the software version used in the study specified?
c) Is the experiment procedure description allow for repetition/reduplication?
d) Is there the software compared to gold standard or in vitro measurement?
e) Is used software available for research purposes?
f) Is there any comparison software used?
g) Was the independent analysis of data carried by more than one researcher?
Reliability
a) Do the researchers have a local ethics committee consent and number if study may
include ethical considerations?

b) Are the inclusion criteria indicated?
c) Are all of the planned outcomes reported?
d) Are the results of all participants included?
e) Are there any losses from expected material? Are the causes indicated?
Objectivity
a) Do any conflicts of interest may affect the results or conclusions of the test?

reviews of case-control studies; 3b, case-control studies; 4, case
series; and 5, expert opinions.

To assess the reporting quality of studies, the CASP Check-
list was adopted and modified (11) (Table 2). Main as well as
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Figure 1. A PRISMA flow diagram illustrating search and evaluation process.

ancillary questions were retrieved and divided into four do-
mains: internal and external validity, reliability, and objectiv-
ity. Also, three questions concerning software version, the use
of comparison software, and availability of software for re-
search purposes were added. When one or more of the key
domains did not meet the criteria or was unclear, the overall
study was judged as not high-quality or unclear quality. Con-
versely, the study was considered high-quality when all of the
key domains met the requirements. Only articles of experimen-
tal studies were submitted to the reporting quality assessment.
In the analysis of all the other studies, only the first three re-
search questions were used.

This review was registered in PROSPERO, the Interna-
tional Prospective Register of Systematic Reviews, under num-
ber CRD42014010024.

RESULTS
A total of 1,940 articles were found, and following removal of
duplicates by EndNote X5 reference manager software (Thom-
son Reuters, Philadelphia, PA) the search yielded 738 articles.
The screening process based on exclusion criteria removed 703
articles, and a further fourteen records were excluded after full-
text assessment of eligibility: in eight articles, the software
described were for maxillofacial surgery applications, com-
mercial software was used in three records, and open-source
hardware was presented in three articles. The remaining
twenty-one studies were included for data extraction (Supple-
mentary Table 1) using the Patient-Intervention-Comparison-
Outcome (PICO) algorithm (30).

The twenty-one articles included ten experimental studies,
three general overview articles, two survey studies, three de-
scriptive reviews, one letter to the editor, one editorial, and one
news article.

Twenty-six different OSS programs were described in
the analyzed studies and ten of these programs were used
for image visualization (Visualization Toolkit, ITK-Snap,
Seg3D, 3DSlicer, Fiji, ImageJ, OsiriX, Xebra, 64-Bit MeshLab,
3DMeshMetric). Five OSS programs were used for healthcare
records management (VistA, OSCAR, GEHR, OpenEMed,
GALEN), four were used for educational processed (Super-
course, DentCPD, Moodle, Anki), one was used for remote
consultation (Artma Virtual Patient) and simulation, and six
were used for general purposes (Mozilla Thunderbird, GIMP,
Open-office, InfranView, Wordpress, Piwik).

GENERAL OVERVIEW ARTICLES
Three articles were classified as overview studies: one article
examined open-source solutions in medical information tech-
nology (17), and two articles described the general aspects
of software used in medical imaging (4;29), McDonald et al.
briefly described the history of open-source solutions, their
licensing policy, and its role in medical (information tech-
nology), particularly patient health records (17). An editorial
for the Medical Image Analysis Journal written by Yoo and
Metaxas focused on the potential outcomes, benefits, and co-
founders of Insight software (29). Another article provided an
overview of the architecture and workflow of some available
image-analysis OSS packages (4).

489 INTL. J. OF TECHNOLOGY ASSESSMENT IN HEALTH CARE 33:4, 2017

https://doi.org/10.1017/S0266462317000708 Published online by Cambridge University Press

https://doi.org/10.1017/S0266462317000708
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Education and Communication
Five articles described the usefulness of open-source solutions
in education and communication. Wurche et al. evaluated the
readership of a dedicated student blog-based online magazine
using Wordpress technology (28). A Letter to the Editor by
Sa et al. mentioned an online lecture repository in epidemiol-
ogy and prevention known as Supercourse (19). This project
attracted approximately 10,000 participants from 138 coun-
tries who collaborated as users or reviewers. Importantly, El
Tantawi et al. analyzed the experience of a limited-resources
dental school with e-assessments (15). The authors used an on-
line survey to monitor students’ attitude and problems related
to e-assessments provided by the OSS system.

Another study evaluated students’ perception and use of
an electronic-spaced repetition oral pathology-radiology sys-
tem in dental hygiene education and predoctoral dental edu-
cation (12). Kossioni et al. reported on the design and testing
processes of an online module created for continued profes-
sional development (16). The primary area of interest of the
tested e-module was “Sterilization and cross-infection control
in the dental practice.”

Oral Implantology
Two studies presented OSS application to oral implantology.
Chen et al. described the modification processes of Insight
ToolKit and Visualization ToolKit as one of the steps in their
experiment on the accuracy of a stereolithographic surgical
guide (13). The second study presented “telenavigation client”
software that allowed multiple users to participate on-line dur-
ing implant surgery by means of real-time tracking of surgical
device position with an attached tracking sensor (24).

Radiology
The principal area of interest of three articles was dental ra-
diology. One article appraised postprocessing image protocols
available as OSS to identify the best method to search and
measure additional mental foramen within cone-beam com-
puted tomography (20). A second study briefly reviewed the
possible use of OSS with the use of Really Simple Syn-
dication (RSS) technology and offered examples of some
applications for e-mail management, word processing, spread-
sheets, database, presentation creation, and image editing (5).
A study by Erickson et al. provided an overview of the ba-
sics of OSS and discussed its potential impact on radiology
development (7).

Orthodontics
Three studies addressed OSS in orthodontics. One study com-
paratively analyzed the accuracy of two open-source and four
commercial software solutions (27). This comparison was per-
formed in three-dimensional (3D) measurements of upper air-
way volume in growing patients. Sicurezza et al. measured the

orbital volume in patients treated with rapid maxillary expan-
sion using Osirix software (21). The third study by Ruellas
et al. presented and evaluated a 3D coordinate system for as-
sessments of directional changes (18). This study was based on
the 3D computed tomography reconstructions of facial skele-
tons prepared in ITK-Snap and transferred and re-oriented in a
3D Slicer.

Health Records and Practice Management
One of the articles examined the use of OSS for electronic
health records (26). Webster briefly described the advantages
of open-source health record systems and provided three ex-
amples (the Veteran Health Informatics System and Technol-
ogy Architecture, the Canadian open-source electronic medi-
cal record system OSCAR and a District Health Information
System).

Endodontics
Four studies described the use of OSS in endodontics. DeDeus
performed an experimental study which was the only arti-
cle to meet all of the quality appraisal criteria (14). The au-
thors assessed the accumulation of hard-tissue debris inside the
root canal after biomechanical instrumentation. Two studies by
Silva et al. compared the use of Fiji OSS in canal transporta-
tion after instrumentation with different rotary root canal in-
struments (22;23). Another article, by Villoria et al., assessed
the use of OSS in monitoring of the periapical lesion healing
after endodontic treatment (25).

No reports about the use of OSS in periodontics, prosthet-
ics, and conservative dentistry were found.

An analysis of the level of evidence revealed that no arti-
cles had level 1 evidence, and five studies were level 2b (Sup-
plementary Table 1) (18;21–23;27). After the quality reporting
assessment (Table 3), only one of the articles was considered
high quality, fulfilling all of the criteria (14). Sicurezza et al.
was graded “unclear” because of lack of information about a
possible conflict of interest (21).

DISCUSSION
During our research, we found only a small number of studies
on the use of OSS in dentistry. Although the conclusions drawn
from studies support the use of OSS, most of the articles pre-
sented a low level of evidence (3b-5) and poor quality of report-
ing, which makes it difficult to recommend OSS as a clinically
useful software. The only study with high-quality reporting was
a case-controlled study but the conclusions were based on very
small research group, three teeth, in what way does it not make
it possible to say that the results are representative.

Four of five studies with the highest level of evidence
(2b) examined clinical changes in orthodontics (influence of
head orientation on directional changes in 3D space; orbital
volume and aperture width changes after rapid maxillary
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Table 3. Critical Appraisal of Experimental Studies

Study Internal validity External validity Reliability Objectivity Overall judgment

Chen et al. [13] + −/a −/a,b ?/a −
De-Deus et al. [14] + + + + +
Ruellas et al. [18] + −/f + + −
Santos et al. [20] + + −/a + −
Sicurezza et al. [21] + + + ?/a ?
Silva et al. [22] + −/d,f,g + + −
Silva et al. [23] + −/d,f,g + + −
Truppe et al. [24] −/c −/a −/a,b ?/a −
Villoria et al.[25] −/a −/d,f,g −/a,b ?/a −
Weissheimer et al. [27] + + −/b + −
Note. +, high-quality note; −, non high-quality note; ?, unclear quality note. The lowercase letters indicate
questions from Table 2 with negative or unclear note.

expansion) (18;21) and endodontics (canal transportation)
(22;23), but none of the identified studies included a compar-
ison between OSS and any other software. The only level-2b
study that included a comparative analysis of a commercial and
open-source software was assessing software precision in air-
way volume measurement (27). The study was based on 33
participants and lead to the conclusion that the use of Osirix
and ITK-Snap OSS presented clinical value.

The usability of OSS was evaluated only in a few ar-
eas: mental foramen localization, upper airway calculation in
growing patients, an experimental assessment of hard debris
in the root canal system after root canal treatment, informa-
tion gathering (RSS), practice management, and use for educa-
tional purposes. None of the studies revealed the use of OSS
in prosthodontics which is currently the most intensively devel-
oping area of digital dentistry. Virtual planning and design of
prosthetic reconstructions provide many opportunities for OSS
solutions.

Another aspect of the use of OSS in dentistry is education:
10,000 participants from 138 countries used the Supercourse
e-module entitled, “Sterilization and cross-infection control in
a dental practice”, which makes this software one of the most
popular e-lectures on this topic (31). Supercourse is a network
of 56,000 scientists from 174 countries who share a free library
of 5,802 lectures in thirty-three languages, but it contains only
eleven lectures on dental topics. These numbers are impressive,
but several issues regarding the use of open intellectual prop-
erty, a unified rating system and a standard citation system may
require proper regulation (19;32).

Free on-line distribution and the bypassing of intermedi-
ary vendors suggests that OSS is observed as an alternative to
commercial software which should be considered with caution.
This fear is a misinterpretation because the distribution of OSS
lessens the potential for financial gain, but more clearly defines

the role of vendors as providing professional services, such as
implementation and maintenance. With no possibility for ben-
efit from the sale of a particular solution, a reduction in the
number of potential sponsors from national institutions and po-
tential user communities is common (29). Donations or grants
for OSS could produce substantial savings for national or inter-
national institutions, such as the European Commission or the
U.S. Veterans Health Administration. For example, the imple-
mentation cost of the VistA hospital management software is
40-fold less than any commercial solution, but it still requires
20,000 hours of programming (26). However, OSS should not
be considered a panacea for any problem. Open-source code
allows a wider audience for reviews, but free access makes it
susceptible to hacking and data theft (33). Therefore, OSS is
discouraged for the management of a confidential database.

The evaluation of OSS in medicine should not be over-
looked. Professional medical certification (FDA and CE) of-
ten cannot be applied to OSS because it requires a legal com-
mercial entity for distribution liability and support availabil-
ity. It is also important that FDA and CE certification confirm
that the software and its provider ensure an error-free work-
flow, but not the accuracy of software actions/calculations, and
provide appropriate documentation and support. Therefore, ex-
perimental studies and algorithm evaluations should be con-
ducted and published. The establishment of a dedicated sec-
tion in peer-reviewed journals in which the medical and tech-
nical aspects of specific software packages and their applica-
tions could be presented simultaneously is one possible solu-
tion, and this would also provide a standard citation system for
OSS creators and developers. Medical ratings, such as the im-
pact factor and the number of citations, may provide sufficient
credit for software creators and could encourage the next gen-
eration of researchers to join open-source projects. The Review
App Series in the Journal of Digital Imaging, which started in
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September 2014 (34), provides an interesting example of such
a solution. In brief reports, authors subjectively assess the pros,
cons, usability and proposed potential improvements of mobile
apps for digital imaging.

It should also be emphasized that our research was limited
to the articles that clearly stated that the presented software was
OSS. Studies without such information in their text, abstract,
title, or keywords were not included. We believe that the in-
clusion of information that the technology used in a particular
study was open-source could be important for future analyses.

CONCLUSIONS
Our review results showed that the medical literature on the
topic of OSS in dentistry is limited and includes mostly ex-
pert opinion and case-control studies. The authors of the cur-
rent study suggest that OSS should be added to the MeSH key-
word tree to facilitate classification of studies including open-
source software. It will also make it easier to find appropriate
OSS solutions for specific indications, which can play an im-
portant role in the implementation of digital solutions in some
rare fields where strong financial efforts would be economically
unjustified.

The second suggestion is to include OSS as a control group
in experimental studies on software validation. Such compara-
tive analysis can have positive effects for the commercial pro-
gramming vendors by showing them the most advantageous
OSS solutions that can be deployed into commercial software
packages.

It may also be beneficial for customers who, apart from
obtaining detailed information on the performance of software
packages, might be able to decide if the risk of using OSS with-
out technical support and requiring greater computer skills is
justified in specific cases.

SUPPLEMENTARY MATERIAL
Supplementary Table 1:
https://doi.org/10.1017/S0266462317000708
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