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Here, we are proposing and testing the use of literature reviews as a method to identify essential competencies for specific fields.
This has implications in how educators develop and structure both traditional and competency based curricula. Our focus will
be on utilizing this method to identify the most relevant and commonly used techniques in the field of regenerative medicine.
This publication review method may be used to develop competency based education (CBE) programs that focus on commonly
utilized skills. CBE is an emerging trend in higher education that will greatly enhance student learning experiences. CBE works
by providing students with field specific skills and knowledge; thus, it is imperative for educators to identify the most essential
competencies in a given field. Therefore, we reason that a literature review of the techniques performed in studies published in
prevalent peer reviewed journals for a given field offers an ideal method to identify and rank competencies that should be delivered
to students by a respective curriculum. Here, we reviewed recent articles published on topics in the field of regenerative medicine
as a proof of concept for the use of literature reviews as a guide for the development of a regenerative medicine CBE curriculum.

1. Introduction

1.1. Competency Based versus Traditional Education. It has
long been perceived that CBE programs were an excellent
approach for enhancing student’s education experience and
future success [1, 2]. CBE is defined as a structured approach
to providing students with the necessary knowledge and skills
needed to perform a task to a certain standard [1, 3]. Although
many educational institutions and programs support the
utility of CBE strategies, a significant lag in deploying this
type of education has been observed [4, 5].

The practical benefits of traditional cohort based educa-
tion from a university’s standpoint are apparent since educa-
tors deal with groups of students moving at the same pace
rather than individual students moving at their own pace [6].

Traditional education can be easily fit into a semester based
and credit hour system. In a traditional setting instructors
know exactly whenmaterial must be available to students and
can prepare lectures accordingly. It may even be argued that
a traditional grading system is easier to implement than in
the setting of CBE. Although this may be true under current
models used to provide education, we anticipate that the
“inconveniences” associated with CBE can be addressed by
modifying our practices.

If appropriate methods are developed to deliver CBE pro-
grams, there is potential to increase the overall efficiency of
education. First, a CBE education system allows an institution
to take into account a student’s previous learning experience
if it proves beneficial to their understanding and performance
of a specific competency [6–10].This would decrease the time
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and cost of education which, in a traditional setting, does
not depend on the experiences students bring with them to
a program. Furthermore, since CBE will allow students to
obtain a competency at their own pace this could decrease
the amount of time students require to complete a program.

By definition a CBE course or program must have clearly
defined, concrete, and measurable objectives [1, 5, 7–9, 11].
This means assessment methods should be able to reflect
whether or not students have obtained a competency and can
move on to the next course. Also inherent to CBE programs
is an “individualized” learning experience.Methods that have
been identified to provide individualized learning include
multiple modes of learning activities and an online format
that allows students to complete courses at their own pace
with added flexibility compared to traditional settings [1].

1.2. Methods to Identify Competencies. With the methods
for development and delivery of general CBE programs
discussed in length in the literature and elsewhere [2, 3, 5, 6, 9,
11] a void remains in how to identify the specific competencies
or techniques students require in order to become proficient
in a specific field. One option is to start with what is already
available in the traditional course outlines, text books, and
laboratory manuals [12–15]. Using this method one could
first identify the traditional courses a student should take to
obtain a degree in a specific field, for example, regenerative
medicine, and extract the competencies covered in the course
outlines [13, 16]. To fit within the framework of CBE, the
text books and lab manuals associated with the traditional
courses may or may not be utilized but materials that reflect
their content would be developed in a manner that fits the
CBE model (online, multiple modes, etc.). This approach,
although convenient, may not be in the best interest of the
students, potential employers or the institutions since the
most recent competencies associated with a certain field may
not be covered in the currently available courses [17, 18].
Furthermore, additional content that may not be relevant to
a given field may be included in these materials making this
top down approach less than ideal.

Another method is to survey experts in the specific field
in which you wish to train students [7–9]. Identifying com-
petencies in this way is beneficial because the competencies
you identify are coming directly from the environment in
which your graduates will likely work and potentially the
individuals your graduates will work with. If, for example,
an institution wished to develop a regenerative medicine
curriculum, they could survey researchers at the Wake
Forest Institute of Regeneration Medicine or the Center for
Regenerative Medicine at the Mayo Clinic. A disadvantage to
this method would be its tediousness, reliance on potentially
unwilling participants, and potential response bias [9, 19–21].

The approach implemented here was the identification
of the most common and widely used techniques through
a literature review of articles published in highly regarded
peer reviewed journals. This approach is less tedious and
has the potential to be more objective and less biased than
other approaches, including surveying experts in the field.
Furthermore, this literature review will not be confined by
location orwillingness of researchers to respond.Theprimary

criteria for identifying articles used in this review will be the
relevance of the articles to the field of regenerative medicine
and the quality of journal where articles were published.
Recent relevant articles were identified by performing a
PubMed search for articles that contained the terms “regen-
erative medicine”, “stem cells”, “biomaterials”, and “tissue
engineering” and identifying original research articles that
were published in the last year. The journals were screened
and utilized in this review only if they had an impact factor
or were highly cited but not around long enough to have a
designated impact factor. This will allow the identification of
the most important and influential competencies utilized in
the field and since these articles have been peer reviewed we
can be more confident that these competencies are accepted
by the field. The focus of this paper is to identify a list of the
most relevant and commonly used competencies practiced
in the field of regenerative medicine which could be used
as a guide to develop a competency based curriculum for
regenerative medicine.

1.3. Competency Based Regenerative Medicine Curriculum.
Regenerative medicine is a branch of science that utilizes
various tools, such as stem cells, biomaterials, and tis-
sue engineering, to replace or regenerate damaged tissues
and ultimately restore normal function to patients [22–24].
This field will have a huge impact on human health as it
promises to cure diseases rather than treat the symptoms
of a disease which is one of the reasons that regenerative
medicine research is growing exponentially.Themajor topics
in regenerative medicine include stem cells, biomaterials,
cell therapies, tissue engineering, enabling technologies, and
translational research, to name a few [24]. For the purposes
of this review, to identify the most important techniques
used in regenerative medicine, we compiled a diverse list
of journals where articles in the regenerative medicine field
are published (Table 1). The corresponding impact factor
(IF) for each journal is provided, which is an important
indicator of howmuch a journal is read.The impact factors of
the journals reviewed here varied widely from 41.5 (Nature,
second highest impact factor of all journals) to 2.5 and
included a journal that had no impact factor due to its
recent inception but was highly cited. Only techniques from
articles in these journals related to regenerative medicine
were included in this review.

2. Results and Discussion

2.1. Identification of Techniques Used in Regenerative Medicine
Journal Articles Published in Top Journals in the Field. The
regenerative medicine publications we reviewed from the
journals listed in Table 1 produced 887 data points and
identified 169 distinct techniques used in the articles reviewed
(Supplemental Table 1 (see Supplementary Material available
online at http://dx.doi.org/10.1155/2016/9343716)). Many of
these techniques were only utilized in one of the studies
we reviewed ((Figure 1) light green indicates one study).
A few techniques were utilized in as many as 90 different
studies, indicating these techniques were commonly used in
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Mouse 44
Rabbit 3

Fish 5
Drosophila 1

Monkey 1
Chicken 1

Breeding 1
Genotyping 3
Stab lesion 1

Microinjection 2
Drosophila genetics 1

Xenopus 2
In vivo biodistribution 1

Homology modeling 1
Repopulation and culture of engineered human liver 1

Implantation of demineralized bone matrix 1
Teratoma formation 2

Cell isolation 26
Cell culture 64

Proliferation assay 7
CFU assay 5

Migration assay 2
Phagocytosis assays 1

Intracellular calcium measurements 1
Reactive oxygen species (ROS) determination 1

Glucose uptake and lactic acid production 1
Karyotype analysis 1

CFU 1
BrDU assay 11

Cell viability assay 17
Density-gradient centrifugation 1

Internalization assay 1
CFSE dilution assay 1

Adhesion assay 3
FITC-sinistrin decay 2

IRDye 800CW clearance 2
Cell conjugation assay 1

Cholesterol quantification 1
ATP and ADP measurement 1

ATP bead assay 1
EB formation and osteogenic differentiation 1

In vitro nuclear transport assay 1
Neurite length measurements 1

Lipid peroxidation 1
HGF depletion assay 1

GNP synthesis 1
GNP conjugation 1

Membrane binding study 1
GSK kinase assay 1

Explant culture 1
Conditioned media 1

Cloning 2
Cell differentiation 26

qPCR 31
RNA microarray 16

Lentiviral transfection 8
RNAseq 6

CHIP-seq 2
RNA synthesis (PCR) 4

DNA seq 1
Adenovirus transfection 4

Genome sequencing 1
SiRNA transfection 6

Plasmid transfection 3
Site directed mutagenesis 1

3C-seq 1
CRISPR/Cas9-mediated deletion 1

DNA quantification 2
RTPCR 6

IHC 38
Fluorescence (Epi) microscopy 2

IF 50
Western blot 25

FACS 32
MACS 3

CoIP 4
ChIP 2

Protein microarray 5
In situ biotinylation and protein identification 1

Protein binding assay 1
ELISA 8

SEM 13
In vivo bioluminescence 1

TEM 1
Luciferase reporter assay 3

MicroCt scan 2
TER measurement 1

AFM 2
Lumbosacral computed tomography (DynaCT) 1

Time lapse microscopy 1
Confocal 12

X-ray diffraction 1
Fourier-transformed infrared spectroscopy 1

Atomic emission spectrometry 1
Raman spectroscopy 1
Auditory physiology 1

Muscle tension 1
Force generation 3

Heart rate 1
Electrophysiology 5

Mechanical testing 4
ECG 2

Gel filtration chromatography 1
Surface plasmon resonance analysis 1

In situ hybridization 6
Affinity chromatography 2

Overexpression screen 1
Decellularization 2

ECM component quantification 1
Scaffold preparation 7

Nanoparticle synthesis 1
Mass spec 2

Deep reactive-ion etching 1
1,9-Dimethylmethylene blue assay 1

Magnesium-doped hydroxyapatite (MHA) synthesis 1
Peptide amphiphiles synthesis and purification 1

Diluent charge preference screening 1
Water content 1

Laser trephination 1
Microcontact printing 1

Flame gold analysis 1
1

Film fabrication 1
Perfusion protocol 1

Elastin quantification (FASTIN elastin assay) 1
Pulsed electromagnetic field (PEMF) 1

Equilibrium dialysis 1
Absorption spectroscopy 1

Compound screening 1
Synthesis of Pas 1

Preparation of PA coatings 1
Contraction assays 1

Film preparation (photolithography, wet, and dry etching) 1
Conduit preparation 1

Three-point bending test 1
ASC preparation 1

Skin reinnervation analysis 1
Plate patterning 1

Encapsulation in bulk PEG gels 1
Microfluidic encapsulation in microtissues 1

Acetaminophen treatment 1
Preparation and characterization of sulfated alginate 1

Cell isolation and hydrogel encapsulation 1
Hydrogel stiffness and cell spreading 1

Permeability assays 1
KIM-1 induction 1

Cas9/CRISPR mutagenesis 1
 Selection of anti-Met macrocycles 1

Chemical synthesis of macrocycles 1
C-terminal modification of macrocycles 1

SPR analysis of macrocycle 1
Analysis of  Met dimerization by cross-linking of live cells 1

DNA synthesis 1
Wound-healing assay 1

Branching morphogenesis assay 1
DNA fingerprinting analysis 1

Blood analysis 1
Zymography 1

FRET imaging and analysis 1
Behavioral analysis 1

Membrane voltage and calcium reporter assays 1
Alkaline phosphatase self-renewal assay 1

Small-molecule screen human embryonic stem cell culture 1
G9a lysine methyltransferase assays 1

LSD1 lysine demethylase assays 1
Cardiac phenotype-based small-molecule screen 1

Cardionogen synthesis 1
Wnt8-induced cardiac phenotype assays 1

Key: number of journal articles that utilized this technique

Animal
models

Cell
assays

Molecular
assays

Immuno-
assays

Fluorescence/
imaging

Physiological/
functional

Miscellaneous

# of uses (see key) Category

31+
21 to 30
11 to 20

2 to 10
1

Technique

X-ray and microcomputed tomography (𝜇CT)

Figure 1: Compiled list of techniques used in regenerative medicine publications. A total of 887 data points were collected from a review
of over 150 regenerative medicine articles which led to the identification of 169 distinct techniques. Techniques appeared in as many as 90
articles and as few as 1 article.The identified techniqueswere organized into 7 categories including animalmodels, cell assays,molecular assays,
immunoassays, fluorescence/imaging, and physiological/functional and miscellaneous. A comprehensive list of the techniques identified in
this literature review is available in Supplemental Materials.
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Table 1: Journals that publish regenerative medicine research articles used in this review.

Topic Journal name Impact factor

Stem cells

Cell Stem Cell 23.6
Cell Research 12.4
Developmental Cell 9.7
Stem Cell Translational Medicine 5.7
Stem Cell Reports 5.4

Biomaterials Biomaterials 8.6
Acta Biomaterialia 6.0

Tissue engineering Journal of Tissue Engineering and Regenerative Medicine 5.2
Tissue Engineering Part A 4.6

General

Nature 41.5
Science 33.6
Cell 32.2
Nature Communications 11.5
Molecular Therapy 6.8
Chemistry and Biology 6.7
Scientific Reports 5.6
Methods 3.6
Experimental and Molecular Medicine 3.5
International Journal of Oral Science 2.5
Molecular Therapy-Methods and Translational Development ∗

∗Newer journals that have not been assigned an impact factor.

the regenerative medicine field ((Figure 1) the darker green
correlates with use in more studies). The most commonly
used technique, observed in 90 different studies, was cell
culture. The next most commonly used techniques include
immunofluorescence followed closely by mouse studies,
histochemistry, fluorescence activated cell sorting (FACS),
and quantitative polymerase chain reaction (qPCR). This
comprehensive list of techniques was organized into seven
different categories, including animal studies, cell assays,
molecular techniques, immunoassays, fluorescence/imaging
techniques, physiological/functional assays, and miscella-
neous techniques.

2.2. Most Commonly Utilized Techniques in Regenerative
Medicine Articles Published in Top Journals in the Field.
Of the techniques we identified in this review of regen-
erative medicine articles the top 20 included, cell culture,
mouse studies, immunofluorescence, FACS, histochemistry,
cell transfection,Western blot, quantitative polymerase chain
reaction (qPCR), cell isolation, cell differentiation, ribonu-
cleic acid (RNA) microarray, physiological studies, confo-
cal microscopy, bromodeoxyuridine (BrDU) assay, scanning
electron microscopy (SEM), proliferation assays, scaffold
preparation, reverse transcriptase PCR (RTPCR), and RNA
sequencing (Figure 2). Of the 887 technique data points
identified in this literature review the top 20 accounted for 633
or greater than 70% of the data points, indicating that there
is a small group of techniques used commonly by labs in the
regenerative medicine field for publications.

2.3. Categorizing the Top Regenerative Medicine Techniques.
The top 20 techniques used in regenerative medicine articles
were categorized into four groups. These groups included
immunoassays, molecular techniques, cell/animal models,
and miscellaneous techniques which could not be classified
into a specific group (Figure 3). Immunoassays comprised
immunofluorescence, FACS, Western blot, and histochem-
istry which accounted for 217 of our technique data points.
The skills required to gain competence in the immunoassays
group include but are not limited to basic laboratory skills
(pipetting, measuring, etc.), antibody, and chemical staining
(immobilized and suspension). The molecular techniques
category includes transfection, qPCR, RNA microarray, and
RTPCR accounting for 123 of our technique data points. To
be competent in this category individuals would also need
basic laboratory skills alongwith PCR.The cell/animalmodel
group included cell culture, mouse studies, cell isolation,
and cell differentiation accounting for 246 data points.
Competency in the cell/animal model group requires more
advanced laboratory skills (cell culture, sterile technique, etc.)
as well as the ability to work with research animals. Those
techniques that did not fit into either of these categories
included confocal and BrDU assays which accounted for 76
data points in this study. An understanding of laboratory
practices, cell/tissue sample preparation, and microscopy
would be essential to becoming proficient at these techniques.

2.4. Moving Forward. CBE will improve the value and acces-
sibility of higher education for many students. In order to
provide students with quality CBE programs we must (1)
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Rank Technique # of uses
1 Cell culture 90
2 Immunofluorescence (IF) 66
3 Histochemistry (IHC) 57
4 Mouse studies 49
5 Flow cytometry (FACS) 42
6 Western blot 41
7 Quantitative PCR (qPCR) 40
8 Cell differentiation 39
9 Cell transfection 36
10 Cell isolation 31
11 RNA microarray 24
12 Physiological studies 21
13 Viability assay 21
14 RTPCR 17
15 Proliferation assay 16
16 SEM 15
17 BrDU assay 14
18 Confocal 14
19 Scaffold preparation 12
20 ELISA 11

0 20 40 60 80 100

Figure 2: Top 20 techniques utilized in the reviewed regenerative medicine publications. The top 20 most common techniques identified
through this literature review of regenerative medicine articles are listed in descending order. The most commonly used technique was cell
culture which was used in 90 of the studies we investigated in this review. Of the data points collected the top 20 techniques comprised greater
than 70% of the techniques used.

Immunoassays
Molecular techniques

Cell/animal models
Miscellaneous techniques

37.2%

32.8%

11.5%

18.6%

Figure 3: Categories represented by the top 15 regenerative
medicine techniques. Immunoassays and cell/animal models were
each used in 217 and 246 studies, respectively, compared to molec-
ular and miscellaneous techniques which were used in 123 and
76 studies, respectively. The percentages of studies these categories
represent are provided in the graph.

design programs that students can complete at their own
pace, (2) develop innovative methods to deliver content to
students, and perhaps most importantly (3) provide students
with the most relevant and pertinent knowledge and skills
associated with a given field. Additionally, CBE programs
need to have clearly defined, concrete, and measurable
objectives for each competency provided to students. Herewe

perform a literature review of the techniques used in studies
published in top journals for the regenerative medicine field
to provide proof of concept that this is an ideal method for
identifying the most relevant competencies in a given field.
By reviewing recent articles published in top journals in the
field of regenerative medicine we were able to identify a list
of techniques that are commonly used, thereby providing
a roadmap for developing a competency based regenerative
medicine curriculum. Identification of techniques through
a review of recent literature guarantees that the techniques
identified are currently used in regenerative medicine lab-
oratories. Furthermore, the fact that articles are published
in distinguished journals in the field ensures that these
techniques are performed in successful and productive labs.

This review led to the identification of a large list of
techniques utilized by regenerative medicine researchers. Of
this list many techniques were only observed in one journal
article, whereas the top 20 most commonly used techniques
accounted for over 75% of the data points identified in
this review. We interpret this as meaning a small set of
techniques are utilized very frequently by researchers in
the field of regenerative medicine. That being the case, we
consider the most frequently used techniques to be among
the most important ones for students to know and, therefore,
the techniques that should be provided by a competency
based regenerative medicine program. It would not benefit
students to learn techniques that were only used in one of
these studies since it would be unlikely that many employers
are looking for those particular skills. Furthermore, even the
labs that perform the uncommon techniques also performed
many of the commonly used techniques in the large majority
of articles reviewed here. This list of techniques will also
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help institutions prioritize the importance of specific com-
petencies that should be delivered to students. Based on this
data, we would emphasize the techniques identified in this
review as being the most commonly utilized regenerative
medicine techniques.This approach will have a better chance
of preparing students with the skills that most employers
currently need. In terms of how a competency based regen-
erative medicine curriculum could be developed based on
this data, institutions would include the top 20 techniques
in the required course materials and provide uncommon
regenerative medicine techniques as optional electives.

The list of techniques provided here serves as an excel-
lent guide for developing a competency based regenerative
medicine program. However, it is extremely important for
this list to be constantly updated through additional reviews,
since the biomedical research field is rapidly advancing and
new techniques are frequently developed. With the rapid
progress being made in the fields of genomics and gene
editing we do expect that these techniques will soon be
on the top 20 list of techniques. There are numerous other
techniques that are also advancing and becoming more
common; therefore updating this list will help in developing
programs that provide students with the most up to date and
relevant training in their field. Using the literature review
method we performed here will allow us to easily identify
trending techniques.

There are some limitations associated with this technique
including (1) potential selection bias depending on the
journals utilized in this review, (2) certain journals that may
publish more articles that utilize newer techniques thereby
skewing our results, and (3) laboratories utilizing techniques
based on availability of equipment or expertise rather than
relevance to the field. Perhaps the best approach to identifying
the most commonly utilized techniques in a field requires a
combination of literature reviews and surveying experts in
the field.

3. Conclusion

The educational landscape is constantly shifting and CBE
systems are one-way educators that can adapt to the needs
of students and provide efficient and effective programs to
train the diverse populations of students entering higher
education. Improving the delivery and optimizing the content
of CBE are essential to staying ahead of the curve and
using the literature review method identified here will be an
excellent tool on this front.
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