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ABSTRACT Implementing medical devices into a clinical setting is a complex and lengthy process.
Existing models, such as Rogers’ Diffusion of Innovation, try to elucidate this process, however, need
to be updated to the evolving healthcare context as fewer than 7% of devices achieve implementation.
The aim of this systematic review was to describe the barriers to diffusion in relation to this model to
understand why so few technologies are implemented and how to address these challenges to mitigate
risk during the translation process. To do this, we searched PubMed, Medline, and Embase databases for
studies published between 01/01/1999 — 30/10/2019. Theoretical and application studies were included, and
thematic analysis was employed using the Braun and Clarke framework to generate broad themes from the
specific concepts described by included studies. A total of 33 articles were eligible for inclusion. Innovation
processes constituting an obstacle to diffusion included: technology-specific challenges (8/33), clinical
evidence/uncertainty (5/33), regulatory affairs (6/33), health technology assessment (7/33), reimbursement
(15/33), and adoption (6/33). The factors that contributed to these themes were identified as being associated
to the 11 tenets of Rogers’ Diffusion of Innovation. This allowed the discussion of the identified barriers
to medical device diffusion in relation with the Rogers’ model. This analysis enabled the development and
proposal of a framework that incorporates considerations within commercialization and translation strategies
for these barriers to ultimately facilitate medical technology implementation.

INDEX TERMS Medical technology, medical device, innovation, diffusion, implementation, challenges,

barriers, healthcare, strategy, adoption.

I. INTRODUCTION

Presently, the medical device industry globally is in a stage
of accelerated growth with a compounded annual growth rate
of 5.3% and is projected to be worth 674.5 billion USD by
2022 [1]. The industry is primarily composed of small and
medium size enterprises [80% (SMEs)] which historically
have had a strong commitment to research and develop-
ment (R&D) [2]. As the industry develops, there appears
to be a disconnect between new product development and
the diffusion and implementation of innovations in clinical
settings [3]-[7]. Understandably, this disconnect affects the
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sustainability of SMEs since there is a complex and invisible
process which they must navigate to achieve a sustained
clinical presence, impact, and commercial success.
However, this challenge goes beyond the MedTech indus-
try as it is heavily influenced by the healthcare industry.
A notoriously conservative and risk-averse industry, health-
care has a tendency to favor the status quo [8], [9]. This
behavior is similar to the technology management concept
of a ‘dominant design’ [10]. In this paradigm, once an inno-
vation (such as a technology, drug, surgical intervention,
or procedure, etc.) is widely accepted, it establishes its dom-
inance over competing innovations to set the standard upon
which further innovations and processes are based [11]-[13].
This dominance is often observed by the reduced probability
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of success of subsequent innovations that offer a different
solution to the same problem [14]. This does not mean that
innovating novel solutions has limited value. In fact, novel
solutions are sometimes required to inspire change and elimi-
nate outdated designs [15], [16]. However, considerable effort
is required to divert the markets’ preferences away from the
dominant design, and towards the solution the innovator is
proposing. This is especially true for novel innovations that
require significant changes during implementation to become
the new dominant design [15], [17].

According to the US Food and Drugs Administration
(FDA), ~22,000 premarket submissions are made per
year [18]. However, fewer than 7-9% of these products reach
the market — a lengthy process that can take up to 17 years
for innovations including devices [19]-[24]. Whilst the ‘dom-
inant design’ of the existing healthcare practices certainly
plays a role in the low proportion of innovations being imple-
mented, it is likely that other factors are also responsible.
However, without achieving diffusion, it is unlikely for any
of these products to have a chance at becoming the new
dominant design [25].

A. DIFFUSION OF INNOVATION

The process of diffusion can be characterized as the spread-
ing and accepting of an idea/technology in a system. In the
healthcare setting, the diffusion and implementation of a tech-
nology is one that is influenced heavily by multiple factors
such as the nature of the intervention, the healthcare system
and local context, and the views and characteristics of the
adopters [19], [26], [27]. The extent to which an innovation
is diffused is associated with its ability to challenge the domi-
nant design, build upon it, or create a ‘window of opportunity’
to become one [11], [13]. We hypothesize that understanding
diffusion will enable us to appreciate how a technology is
adopted and implemented by a healthcare system, and in turn,
this knowledge can be used to inform the strategies employed
by product developers.

One of the most prominent theories which aids in rational-
izing this complex area is the Roger’s Diffusion of Innova-
tion, which was first conceptualized in the 1960s [28]. In this
paradigm, adopters (ie. an individual, an organization, or a
cluster within a network) form the basic functional unit of
the diffusion process. Over time, with the presence of com-
munication channels, and external and internal influences;
an innovation can be adopted by other stakeholders who
make acceptance decisions. In the context of healthcare, this
would equate to the acceptance and continued use of novel
medical devices within clinical practice. Figure 1 illustrates
the characteristics of the various adopter groups affecting
diffusion of a novel innovation.

In the healthcare context, the process of diffusion is more
complex than suggested by the Rogers model. There are a
range of stakeholders including the adopting organization,
clinicians, and the payers who all have different characteris-
tics, preferences, and motivations. With increasing numbers
of new medical innovations, reducing healthcare budgets,
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and changing motivations/processes of decision-makers [19];
the healthcare landscape has changed considerably since the
Rogers” model’s conception in the 1960s [29], [30]. Thus,
there is a need for an update of these diffusion models.

B. STUDY OBJECTIVES

The medical technology industry and government organiza-
tions are trying to understand and improve the diffusion of
developed medical devices into clinical practice [3], [31].
In doing so, it is hoped that venture viability will be
enhanced and lead to more technologies generating positive
clinical impact. To this end, research has focused heavily
on the facilitators and impediments to adoption and diffu-
sion [3], [19], [32]. A lot of this work, however, neither serves
to provide context towards broader implementation within
healthcare nor imparts developers with the tools to overcome
them.

The objective of this study was to identify and delineate the
barriers to the diffusion of developed medical devices and the
factors of the innovation process that contribute to these bar-
riers. Through this, the intent was to demonstrate the impor-
tance of specific innovation strategies that, if optimized and
applied by developers, can improve the pathway for clinical
implementation of healthcare technologies. In doing so, it is
hoped that key stakeholders (ie. medical device companies,
clinicians, and patients) can benefit from the innovations.

Il. METHODS
This systematic review was conducted in accordance with the
PRISMA guidelines [33].

A. DATA SOURCES AND SEARCH STRATEGY

For this review, a search was conducted independently by
Ritesh Rikain Warty (RRW) and Vinayak Smith (VS) across
three databases (PubMed, OVID Medline, and Embase)
for papers published between the 1% of January 1999 and
the 30" of October 2019. Articles were restricted to the
English language. The search strategy implemented across
all databases was: (Diffusion OR innovation) AND (medical
device OR medical technology) AND (barrier* OR obstacle*
OR issue*). A detailed analysis of the search strategy may be
found in Supplementary Material A.

Theoretical and application studies were considered suit-
able for this systematic review. Application papers were
defined as any study which utilized empirical data in for-
mulating their conclusions. All other papers were considered
theoretical in nature.

B. STUDY SELECTION

The inclusion criteria for this review was any article dis-
cussing at least one aspect of the medical device innovation
process and explicitly analyzing a factor, process, or inno-
vation/translation step as a barrier to diffusion [34]. In addi-
tion, grey literature or articles of relevance identified from
the reference lists of studies or independent searching were
suitable for inclusion as well. Any medical devices discussed
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FIGURE 1. The adoption curve as adapted from rogers’ diffusion of innovation [28]. Innovators are pioneers who readily adopt innovations; Early
adopters are individuals who act as change leaders; the Early majority are those who are welcoming to innovation, however, possess a degree of
risk aversion and only adopt after witnessing successful outcomes; Late majority are those who are highly risk averse and suspicious of
innovation, only adopting after observing safe implementation by earlier adopters; and laggards are those who are highly conservative or too
socially isolated for communication to occur effectively. The process of diffusion is often initially slow due to the limited number of early
adopters. However, there is always the potential for the rate of adoption to increase as the adopter majorities and laggards become more

accepting of an innovation.

were at Technology Readiness Level 8 and above, which
corresponds to the stages of device production and regu-
latory approval [35]. Devices of all regulatory classes and
device types are considered. Studies that did not focus on
medical devices, including electronic health/medical records,
digital health, information and communication technologies,
telemedicine, and tissue engineering; were excluded from the
analysis.

Citation screening was performed by RRW and Mohamed
Salih (MS) to determine the suitability of an article for full-
text review, and a set of eligible articles was created. Follow-
ing shortlisting, the full-text articles were read thoroughly by
RRW, MS, and VS. Inclusion of an article for the review was
based on consensus between these authors.

C. DATA COLLECTION
Given the nature of the topic and that the available evidence
is primarily qualitative, a qualitative approach was employed
for evidence synthesis.

Articles shortlisted for inclusion were read by RRW, MS,
and VS in tandem. In line with the objectives of this study,
the articles were examined for references to medical devices
and the barriers to their diffusion. Thematic content analysis
was then performed by the authors for each article for coding
and data interpretation. This was to reduce researcher biases
in summarizing the content of the various sources of literature
and increase credibility of the findings of this study [36].

Reflexivity, a process which attempts to address self-bias,
preferences, and theoretical predispositions during qualitative
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analysis procedures, was employed as well [36], [37].
As most of the authors are involved in the innovation of
medical devices, their anecdotal feedback and experiences
could affect the interpretation of the data. To address this, pre-
liminary reading of the available literature was undertaken to
inform the initial research question and limit the perpetuation
of any preformed hypothesis in the early development stages.
Subsequent re-reading of the articles was used to provide an
in-depth understanding and more detailed analysis.
Independent analyses were then compared for commonal-
ities and differences through discussion by the 3 lead authors
and a consensus summary for each article was compiled in
Supplementary Materials B and C. The data items of interest,
which are also presented in these supplementary files, were:

o Year of publication

« Article type (theoretical or application) and study design

« Issue/s raised (themes detailing the barriers)

« Factors contributing to issue

« Immediate relationship of issue with diffusion

o Supplementary information (including article focus,
country/region, any other information).

D. QUALITY ASSESSMENT

Assessment of study quality was performed using the
NICE (UK) Qualitative Appraisal Checklist (Supplementary
Material D). A qualitative appraisal tool was selected as the
majority of included studies were qualitative in nature. The
assessment was carried out by RRW and MS individually and
consensus was reached in discussion before an overall score
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was given for the quality of the study. VS acted as a third
assessor in the event a consensus could not be reached.

E. SYNTHESIS OF RESULTS

Using the initial thematic analysis as a foundation, a second
and more comprehensive thematic analysis was performed
by RRW and MS to fulfil the primary objectives of this
review. This second thematic analysis followed the Braun
and Clarke framework [38]. These two authors independently
analyzed the included studies and classified them into the
themes presented in Supplementary Material B. Reflexivity
was taken into consideration using VS as a moderator for the
themes.

These analyses were then compared for similarities and
differences to identify recurring themes and subthemes that
could be developed to establish data that was generalizable
and theoretically grounded. All themes were ultimately cre-
ated in accordance between RRW, MS, and VS.

Themes were defined as topical areas which were iden-
tified by at least three papers as a stage in the innovation
process that delays or obstructs the diffusion of a devel-
oped medical device. Subthemes were defined as the fac-
tors/processes/problem areas that contribute to the issue and
were discussed in at least two papers.

The final step of the analysis involved determining the
relationship between each theme and 11 tenets of the Rogers’
Diffusion of Innovation model: relative advantage; triala-
bility; observability; communication channels; homophilous
groups; complexity; pace of innovation or reinvention; norms,
roles, and social networks; opinion leaders; compatibility;
and infrastructure [39]. This was performed by RRW and VS,
and is presented in Supplementary Material C.

Ill. RESULTS AND DISCUSSION
A. OVERVIEW
A total of 33 studies were deemed suitable for inclu-
sion in this review with the years of publication rang-
ing between 2000 and 2019 [4]-[9], [30], [32], [40]-[64].
Figure 2 depicts the flow of information through the phases
of the systematic review. 18 (54.5%) of the included studies
were theoretical papers and 15 (45.5%) were application
papers. Of the application papers, the data collection methods
employed included: a combination of semi-structured inter-
views and questionnaires [42], only semi-structured inter-
views [44], [62], only questionnaires [54], [56], [61], [64],
a combination of literature reviews and questionnaires [47],
only a literature or systematic review [5], [6], [32], [55], and
workshops [59], [60], [63].

The extracted data for all the included articles may be
found in Supplementary Material B and was used to generate
the themes and subthemes of this review.

B. QUALITY ASSESSMENT
Table 1 and Figure 3 present the results of the quality assess-
ment that was performed using the NICE (UK) Qualitative
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FIGURE 2. PRISMA flow diagram illustrating how articles were screened
for inclusion in this review.

TABLE 1. NICE qualitative appraisal checklist ratings for studies included
in review.

NICE Percentage
Qualitative Number of all Studics
Assessment of studies  studies (%)
Rating
++ 10 30.3% [5, 32,42, 44, 54, 59-62,
64]
+ 18 54.5% [4, 6-9, 40, 43, 46, 47,
49-53, 55-58]
- 5 15.2% [30, 41, 45, 48, 63]
Total: 33 100%

Appraisal Checklist. The (++) rating was awarded if a study
fulfilled at least 11 out of 14 checklist criterion and (—) was
awarded if less than 3 criteria were satisfied. Table 1 illus-
trates that 15.2% of studies were of a low quality, whilst
84.8% were sufficiently presented to achieve a moderate
rating at the very least. Despite the sizeable number of low
quality of studies, these papers were included on the basis of
the valuable concepts contained within.

In Figure 3, each of the 14 criteria are listed with a graph-
ical representation of the proportion of articles that fulfilled,
failed to fulfil, or had uncertainties regarding fulfilment of a
criterion. As may be observed, most articles did not report
a methodology (items 3-8), although this is due to the com-
mentary nature of the theoretical studies included. Ethics
was not reported in most studies although this may not be
relevant given the research methodologies and objectives of
the included studies.

C. ANALYSIS OF THE BARRIERS TO DIFFUSION
A graphical representation of the themes (barriers) and sub-
themes (contributing factors) identified in the analysis of the
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Fulfilment of bias assessment criterion

1. Qualitative approach appropriate
2. Clear study purpose

3. Defensible research design

4. Data collection described

5. Role of the researcher described
6. Context clearly described

7. Reliable methods

8. Rigorous data analysis

9. Richness of data

10. Reliable analysis and coding
11. Findings are convincing

12. Findings are relevant to aims
13. Adequate conclusions

Checklist item

14. Ethics reporting

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
% of articles

Adequate/Clear Inadequate/Unclear M Not Sure/Not Reported

FIGURE 3. Graph detailing the percentage of articles that fulfilled, did not
fulfil, or were uncertain in their fulfilment of a checklist criterion.

articles is provided in Figure 4. It should be noted that the pre-
sented themes and subthemes are derived from the literature
landscape and how often a topical area was discussed. Each
identified barrier was then explored in more detail.

1) TECHNOLOGY-SPECIFIC CHALLENGES

As a theme, ‘technology-specific challenges’ relates to tech-
nological issues of a device which affect diffusion. These
were considered in 24.2% (n = 8) of studies [4], [32],
[43], [52], [55], [59], [61], [63].

In developing any new device there are invariably chal-
lenges associated with the specific characteristics of the
device which affect its diffusion. Some of these challenges
are within the control of the innovator, such as the usability,
human factors considerations, and the clinical use case def-
inition, and their subsequent impact on implementation by
adopters. Other challenges are out of the innovators control
and include the influence of historical failures of a related
technology on the concerns and perceptions of adopters.
In these instances, considerable effort is required by devel-
opers to positively shift adopter attitudes [52], [65]-[67].

The first subtheme generated by the analysis was ‘device
characteristics’, which was evident in 50% (n = 4) of
studies [52], [55], [59], [61]. From the extracted data, the
most common barrier characteristics were associated with
the types of materials used for implant technologies. This
was shown to be due to a limited understanding of a mate-
rial, historical shortcomings and failures of specific classes
of materials, or an inadequate exploration during the R&D
phase of alternative materials [52], [59]. For wearable tech-
nologies, Baig et al. identified additional concerns related
to the potential artefacts (noise) when collecting biomedical
signals, wireless connectivity data loss and network reliabil-
ity/capabilities, and the speed and accuracy of data intensive
processing tasks [55].

This demonstrates the impact of the adopters’ perceptions
of a technology. A device which performs unreliably or has a
negative reputation will have a heightened perception of risk
that will limit adoption (and ultimately diffusion) [68]. Exam-
ples include the polymeric total disk replacement devices
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which come to the market with the recognition of issues
associated with total knee replacements and total hip replace-
ments [52]; or the QUASAR ECG, where issues in detecting
the p-wave impeded the signal interpretability and ultimately,
restricted clinical adoption [55], [69], [70].

Similarly, technologies which are not easy to integrate into
the healthcare system have been shown to face challenges
with implementation. In the case of ‘innovation charac-
teristics’, which was discussed in 37.5% (n = 3) of stud-
ies [4], [32], [43]), the associated costs such as need for new
facilities, ongoing costs, and extent of the resources needed to
support the innovation, act as barriers to adoption [32], [43].
Volpatti and Yetisen and Scott et al. further identified that
issues with integrating the technology into existing systems or
creating a device that cannot fulfil clinical needs or wants, and
thus require additional resources such as external equipment,
significant changes in protocol or need for staff training, all
disincentivize adoption [4], [71].

Often, these issues are identified in the implementation
stages of the adoption process, but can be attributed to device
design and validation, or more appropriately, an inadequate
determination of the clinical need and use case. During
the early stages of the innovation process, innovators must
develop an understanding of the required specifications for
the device [34]. It is straight forward to determine that there is
aclinical problem and identify a technological solution. How-
ever, designing a solution such that it not only addresses the
problem, but fits into the healthcare value chain is important
and can be a significant barrier to diffusion if not completed
effectively [68], [72].

2) CLINICAL EVIDENCE

‘Clinical evidence’ relates to the uncertainty associated with
a device’s performance, safety, and effectiveness; as well as
the dissemination of clinical information that could address
that uncertainty [51]. This theme was described independent
of other processes by 15.2% (n = 5) of studies [51], [52],
[54], [61], [63], and focuses on the lack of timely, high quality
evidence and its impact on the decision making process.

As outlined by the identified studies, the ability of
decision-makers to provide recommendations for adoption
or pass final adoption judgements is curtailed by limitations
in the validity and quality of the clinical evidence that is
available as part of the assessment process [52], [61], [63].
To further compound this, there are varying requirements
each stakeholder has for evidence which makes developing
a one-size-fits-all clinical evidence strategy difficult.

It has also been identified that issues such as slow
publication times and inefficient communication channels
further limits the decision-making process and the abil-
ity of the innovation to spread due to a lack of aware-
ness/knowledge [51], [54], [61].

Considering these limitations, it can be said that decisions
are being made with some degree of uncertainty. However,
this introduces the question of: ‘How do we balance the
clinical evidence needs for each stakeholder whilst providing
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Barriers to the diffusion of medical devices

Technology-specific Challenges 8/33
Device characteristics 4/8
Innovation characteristics 3/8
Clinical Evidence 5/33
Regulatory Affairs 6/33
Clinical Evidence Requirements 3/6
lurisdictional Requirements 4/6
HTA 7/33
Economic/Clinical Evidence Factors 4/7
Theme
Process 3/7 B subtheme
Decision-maker Characteristics 3T
Reimbursement 15/33
Policies
Adoption 6/33
Adopter characteristics
Opinion leaders 2/6
Other Factors 9/33

FIGURE 4. Barriers to the diffusion of medical devices. Themes (yellow) represent the number of papers discussing a topical area and are a fraction of all
the studies included in this review. Subthemes (blue) are the papers within a theme discussing a factor contributing to the existence of the barrier.

access to valuable and potentially lifesaving novel technolo-
gies?’ [72]. Though seemingly obvious, some of the first steps
that innovators must do in answering this question is identify
who these stakeholders are (eg. regulatory body, assessment
agencies, reimbursement payers, or clinicians), the common-
alities and differences in their requirements, and then priori-
tize if and how each requirement should be addressed. Using
this information, innovators can then design their clinical
trials and overarching clinical strategies, particularly from
an early stage of development, to meaningfully address this
aspect of the diffusion curve and ensure success.

The importance of this factor cannot be further empha-
sized, with it recurring in themes such as ‘regulatory
affairs’, ‘HTA’, and ‘reimbursement’.

3) REGULATORY AFFAIRS

The influence of regulatory oversight, henceforth described
as ‘regulatory affairs’, appeared in 6 studies (18.2%)
[81, [41], [53], [58]-[60]. Regulation in medical technology is
vital to ensuring patient safety and the effectiveness and qual-
ity of devices that are applied clinically. However, without the
approval of aregulatory body e.g. US FDA, Australian Thera-
peutic Goods Administration (TGA), or EU Notified Bodies,
a device may not be used on patients of that jurisdiction.

139048

Due to the critical nature of this process and its impact, it is
essential for innovators to have a basic appreciation of reg-
ulatory affairs from the early stage of product development.
In doing so, developers can design their devices such that they
fulfill the intended purpose whilst safely fulfilling clinical
and commercial needs in accordance with the requirements
from the appropriate regulatory classification.

However, it has also been acknowledged that the pro-
cesses, timelines, and requirements of regulating a medical
device constitute significant barriers to clinical implementa-
tion [39]. In this review, it was identified that ‘clinical evi-
dence requirements’ (n = 3, 50%) [8], [41], [53] and ‘juris-
dictional requirements’ (n = 4, 66.7%) [41], [58]-[60]
impeded diffusion.

When considering ‘clinical evidence requirements’ as a
potential barrier, it must be understood that clinical evidence
plays a vital role in medical product development. However,
strict regulations can signify costly delays in market access
as medical devices must undergo valid clinical trials and
pivotal studies to demonstrate their effectiveness [41], [53].
This is especially true for devices that undergo the strin-
gent pre-market approval pathways, where large, multicen-
ter randomized controlled trials are the norm and represent
the greatest risk and cost in the innovation process [72].
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Although a majority of devices are either of low-moderate
risk or are based on earlier devices (thus, eligible for conces-
sions for evidence generation through schemes such as the
510(k)) [53], [72]; this highlights the importance of develop-
ing a strong clinical strategy that involves understanding the
pathways and schemes of each target jurisdiction. Further-
more, this demonstrates how these strategies should ensure
the collection of high quality data to prevent having to redo a
clinical trial and minimize time loss [41].

Just as important is understanding the variation in require-
ments between regulatory bodies (‘jurisdictional require-
ments’). Despite attempts to harmonize the requirements of
each regulator through initiatives such as the International
Medical Device Regulators Forum (IMDRF), the extent to
which harmonization has truly occurred is still limited. This
poses significant implications for innovators as some jurisdic-
tions are easier to enter than others. Bergsland et al. provides
the example of how stricter clinical evidence requirements of
the FDA has caused manufacturers to align their focus to the
European market first, despite the incentives afforded by the
US market, due to simpler requirements for CE marking [8].
Due to this lack of harmonization, developing regulatory
strategies that are catered to the target markets must be per-
formed to accelerate global diffusion and enhance clinical
accessibility [72].

4) HEALTH TECHNOLOGY ASSESSMENT (HTA)
21.2% (n = 7) of studies identified ‘HTA’ as a barrier to
medical device diffusion [5], [6], [9], [42], [44], [45], [48].

Mainstream HTA is a process that commences from the
clinical research stage and continues throughout the product
lifecycle [34]. The purpose of HTA is to assess the clini-
cal, sociological, and economic impacts of a technology and
inform relevant stakeholders such as healthcare providers,
reimbursement assessors, and insurers of its implementation
value. If performed effectively, HTA can enable timely access
to cost-effective technologies that improve patient outcomes
whilst preventing the adoption of ineffective or harmful
devices.

The most common subtheme observed was ‘eco-
nomic/clinical evidence factors’ (n =4, 57.1%) [5], [6], [42],
[48]. Like the clinical evidence issues identified in ‘regula-
tory affairs’, poor evidence can be associated with the imple-
mentation of inadequate clinical strategies. In the four studies
discussing evidence limitations in HTA; the clinical evidence
requirements of regulators were considered insufficient for
HTA agencies. This suggests a disconnect between regula-
tory affairs and HTA and that the evidence used as part of
regulatory submissions, if insufficient, can cause uncertainty
down the innovation pipeline. This also indicates that the
consequences associated with the introduction of innovations
are often poorly understood and that HTA agencies may
be unaware of attempts innovators may make to mitigate
undesirable consequences [28]. For innovators, this signifies
the value of intimately understanding the target markets and
the jurisdictional needs of the regulatory body vs local HTA
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assessors, to incorporate considerations into their clinical
strategies and prepare robust HTA submissions.

The subtheme of ‘process’ (n = 3, 42.3%) [42],
[44], [45] related to limitations in HTA processes that
delay access to a technology due to several issues includ-
ing the complex submission requirements and overall lack
of transparency/clarity for timelines and evaluation pro-
cesses. Additionally, ‘decision-maker characteristics’ (n =
3, 42.3%) [5], [9], [44] can be associated with the HTA
process, as biases, a lack of appropriate expertise, or the
general backgrounds and training of members in the assessing
committees can influence the final decision. Though these
highlight systemic flaws, the broader industry can use this
as an opportunity to collectively lobby HTA organizations
for transparent and efficient assessments and guidelines that
benefit both, HTA agencies and industry.

5) REIMBURSEMENT

As a theme, a considerable number of studies (n = 15,
45.5%) identified ‘reimbursement’, or the fiscal compen-
sation associated with providing care, as a key area that
influences the diffusion of medical technologies [7], [8],
[30], [40], [43], [45]-[50], [52], [56], [57], [60]. When
considering the subthemes, the presence and appropriate-
ness of ‘coding’ (presence of billing codes which health-
care providers use to claim payment from 3™ party payers)
appeared in 5 studies (33.3%) [43], [45], [46], [49], [60],
whilst factors relating to the ‘coverage and payment’ (agree-
ment of and extent to which a 3 party payer will pay
for a medical service) and reimbursement ‘policies’ were
discussed in 6 (40%) [71, [8], [30], [43], [50], [57] and 3
(20%) [47], [56], [57] of studies, respectively.

Often considered a facilitator of diffusion, reimbursement
is essential for the commercial success of a medical tech-
nology as it represents a means of generating revenue for
providing a service. However, the reimbursement landscape
is evolving such that accommodating a new technology clin-
ically can be challenging. It is generally easier for a com-
pany to integrate new technologies into a market when it
fits within the existing reimbursement coding, coverage, and
payment paradigms. However, if this is not possible, the reim-
bursement strategy of the company can prove critical and
could even pose implications for the clinical use case of a
device.

In the case of coding, a lack of fixed and accepted pro-
cedural codes can result in a technology not being used and
face significant delays due to the long and complex processes
associated with the creation and acceptance of new, relevant
codes [43], [45]. This holds especially true for disruptive
devices, eg. 3D-printed implants, which may not fit any exist-
ing paradigm due to the enormous gap between the existing
dominant design and the disruptive innovation. Thus, access
may only be provided to patients who can afford payment
or under clinical trial access schemes [60]. Thus, there may
be benefit in developing the reimbursement strategy as early
as initial product development to have the opportunity to
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understand and prepare for the potential impact on develop-
ment and commercialization.

Additionally, limited or no coverage by payers can limit
adoption and patient accessibility, even if the technology
is recommended in clinical guidelines. One aspect of this
issue is that the clinical and economic evidence assessed are
not robust enough to justify reimbursement [7], [57], which
relates back to limitations in an organizations’ clinical strat-
egy and the approach developers use for HTA submissions.
Another aspect is associated with payment as the design of
the payment system (prospective systems can disincentive
adoption) or low/insufficient payment rates due to the prices
set by companies and reimbursement assessors can reduce
device usage [50].

The final subtheme, ‘policies’, relates to the hetero-
geneity of reimbursement systems between jurisdictions,
eg. varying mechanisms in Europe for sourcing funding
and its impact on implantable cardioverter defibrillators
and coronary stents utilization; as these factors can create
inequalities between healthcare systems and affect patient
accessibility [47], [56], [57].

6) ADOPTION

The final distinguishable theme was ‘adoption’ which was
discussed in 18.2% (n = 6) of studies [32], [43], [54],
[60], [62], [64]. This theme related to the factors that influ-
ence the decision of a potential user to accept or reject an
innovation. Given that adoption can be considered as the basic
unit of the diffusion process, the factors that influence the rate
of adoption ultimately affect diffusion.

From the generated subthemes, the lack of ‘opinion lead-
ers’ (as described in 33.3% (n = 2) of studies [60], [62]) is a
contributing factor as such individuals tend to be respected in
their field and can act as champions for a technology. Without
these individuals, garnering support for an innovation can be
difficult, especially in the healthcare environment where there
is an inherent conservatism to innovative behavior. As inno-
vators, it is important to appreciate the risks associated with
being an opinion leader, as well as develop strategies to
mitigate their concerns.

A more commonly discussed point was the ‘adopter char-
acteristics’, which was deliberated in 66.7% (n = 4) of
studies within this theme [32], [43], [62], [64]. This subtheme
includes individuals and organizations under the classifica-
tion of the adopter. When considering individuals; factors
such as age, time since training completion, the type of train-
ing/qualifications, academic affiliations, innovativeness and
perception of innovation, workflow, and fear of bad outcomes
including litigation, all impact the clinical implementation
of a technology. Previous research has also placed value on
understanding potential consequences to the adopter’s pro-
fessional identity and job security [68]. On an organizational
level, Rye et al. discusses how an organization’s innovative
behavior is associated with the degree of centralization and
formalization, professionalism, internal communication, and
structure influence adoption [32]. Greenhalgh et al. elaborate
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on this by describing the impacts of weak, risk-averse, or con-
servative leadership, resource limitations, and a lack of shared
vision can impact diffusion [73].

7) OTHER FACTORS
Other barriers (such as rising costs, market factors, edu-
cation/practice norms etc.) were identified by 9 studies
(27.3%) [4], [8], [32], [43], [51], [52], [59], [60], [63]. They
are not represented as they did not meet the criteria for
generating a theme.

D. RELATING THEMES WITH ROGERS’ DIFFUSION OF
INNOVATION

To analyze and bring all of the findings of this review
together so as to be easily utilized by a developer,
we have attempted to fuse the identified themes with
the eleven tenets of the Rogers’ Diffusion of Innovation
model: Relative Advantage; Trialability; Observability; Com-
munication Channels; Complexity; Homophilous Groups;
Pace of Innovation/Reinvention; Norms, Roles, and Social
Networks; Opinion Leaders; Compatibility; and Infrastruc-
ture [39], [74]. This relationship is presented in Supplemen-
tary Material C and summarized in Table 2.

1) RELATIVE ADVANTAGE

A total of 19 (57.6%) studies discussed impeding factors that
could contribute to the difficulty in determining the relative
advantage of a technology over existing solutions. These
studies were distributed across all the generated themes:
‘technology-specific challenges’ (n = 3, 15.8%); ‘clinical
evidence’ (n = 4, 21%); ‘regulatory affairs’ (n = 1, 5.3%);
‘HTA’ (n = 5, 26.3%); ‘reimbursement’ (n = 9, 47.4%);
and ‘adoption’ (n = 1, 5.3%).

2) TRIALABILITY

Only 1 study (3.0%) considered the effect of trialability on
medical device diffusion. This tenet relates to the ability of a
user to trial an innovation without significant investment or
commitment.

3) OBSERVABILITY

15.2% of studies (n = 5) across the themes of ‘clinical
evidence’ (n =3, 60%), ‘reimbursement’ (n = 1, 20%), and
‘adoption’ (n = 1, 20%) discussed the effect of observability
on diffusion.

4) COMMUNICATION CHANNELS

This tenet was identified in 3 (9.1%) studies, under the
theme of clinical evidence’ and related to the issues with
the methods of disseminating clinical data associated with
innovations.

5) COMPLEXITY
This tenet was identified in 4 (12.1%) studies and related
to the theme of ‘technology-specific challenges’ due to its
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TABLE 2. (Continued.) The 11 tenets of the rogers’ diffusion of innovation
theory and the studies and themes identified as discussing a factor

TABLE 2. The 11 tenets of the rogers’ diffusion of innovation theory and
the studies and themes identified as discussing a factor relevant to each
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Diffusion of aed | 2| 2| 2 £ | g Ability of an 43, 46,
Innovation Tenet relate L‘g 'E & ﬁ ] -% innovation to coexist 55,57,
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S éﬂ 4 social patterns to
E integrate into a
3 system.
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perceived as relatively of a device during, or after, the development and clinical
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Channels 60, 63] 50%) and “‘reimbursement’ (n = 1, 50%).
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n This tenet had 12 studies (36.4%) that had contributing
Degree to which an factors affecting the compatibility of an innovation. These
innovation evolves or studies were associated with the themes of: ‘technology-
is reinvented affects 3 N
diffusion. specific challenges’ (n = 5, 41.7%), ‘reimbursement’ (n =
Norms. Roles, and [40, X X | X | X 4,33.3%), and ‘adoption’ (n = 4, 33.3%).
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Uptake is shaped by 47,57,
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E. DISCUSSING THE RELATIONSHIPS BETWEEN THE
BARRIERS AND THE ROGERS’ MODEL

Due to the breadth and complexity of this topic, the rela-
tionship between the themes and the tenets of Rogers’ Dif-
fusion of Innovation are analyzed in-depth in Supplementary
Material E. This provides developers with strategies to poten-
tially address and overcome these barriers. The discussion
presented here continues that analysis to provide innovators
with a framework for facilitating diffusion.

1) A STRATEGY FRAMEWORK

When considering the clinical implementation barriers of a
medical technology, it is clear that the commercialization
strategies of developers play a significant role in the diffusion
process. In this context, Figure 5 contains a strategy frame-
work proposed to address the challenges identified by this
review.

This figure details the tenets of Rogers’ Diffusion of Inno-
vation that associate with the factors contributing to a bar-
rier. In addressing these factors with strong strategies, it is
likely that the tenets which govern the diffusion process can
be addressed. The discussion, and Supplementary Materi-
als C and E may prove useful for innovators when forming
these strategies. Supplementary Material F especially details
specific techniques for the consideration of innovators.

F. IMPLICATIONS

Previous models for innovation diffusion primarily focused
on either understanding technology adoption by indi-
vidual users or comprehending implementation strategies
for diffusion through organizations [75]. The presented
framework, when used in conjunction with Supplementary
Materials E and F, provides a comprehensive model for
diffusing innovations by amalgamating technology adoption
with implementation science using the prominent Rogers’
model as a foundation. The implications of this model are tar-
geted towards core innovation and commercialization strate-
gies medical technology ventures should develop if they are
to achieve penetration and dominance in a market.

1) CLINICAL USE CASE AND DESIGN STRATEGY

The clinical use case and design strategy is crucial as it
defines device development and the other commercialization
strategies. Given this is typically developed at the earliest
stages of the innovation process, inadequate definition can
produce disastrous results, be it venture failure or the need for
considerable resource or financial investment for salvaging
or pivoting the venture. However, adequate definition will
ensure that the innovation will be closer to the product-market
fit and will reduce the likelihood of such issues.

We noted that the ‘device characteristics’ and associated
‘innovation characteristics’ affect the relative advantage,
compatibility, and perceived complexity behind the innova-
tion. This is simple to understand because any technology
which does not fulfill a need, is at-risk or prone to failure,
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is difficult to integrate or requires additional resources, or is
complex and time-consuming to use will not be adopted,
irrespective of industry (healthcare, automotive, telecommu-
nications, etc.). Thus, innovators must provide consideration
to user feedback on potential intended uses, the target clinical
environment, technical competence of their device and its
features (and potential adverse events), usability factors, and
most importantly, understand the clinical need and the inno-
vation’s impact on the user. To help with this, focus groups
with key stakeholders, literature reviews, multi-disciplinary
discussions between engineers, clinicians, and business exec-
utives, and embedding design engineers into clinical environ-
ments to develop situational empathy can all provide valuable
inputs for making this strategy.

Next is the relationship of the use case and achieving
‘reimbursement’, as questions such as “who is actually
paying for the device”, ‘““is there a reimbursement infras-
tructure that is applicable to my device’s intended use?”,
“how does the reimbursement infrastructure affect my use
case scenario?”’, and “how can I develop my use case such
that I achieve reimbursement?’’ arise. As we have illustrated,
part of achieving the product-market fit for medical technolo-
gies involves attaining a positive coverage decision so that
adopters are incentivized to use a new technology. By answer-
ing these questions, innovators can understand the influence
of a reimbursement systems’ design on their clinical use case
scenario and hopefully can use this information to fulfill this
need of the adopter.

2) CLINICAL STRATEGY

It is important to understand that the clinical strategy is not
only about validating that a device works or is safe, but that
it also affects other barriers such as ‘regulatory affairs’,
"HTA’, ‘reimbursement’, and the ‘adoption’ and diffusion
of a device. This is because ‘clinical evidence’ forms the
backbone of the diffusion process as it facilitates assessment
of the innovation by various stakeholders and provides a ref-
erence point for adopters to communicate with other potential
adopters. If the evidence does not fulfil the needs of each
stakeholder, the stakeholder will not adopt the innovation and
will either search for an alternative or continue favoring the
dominant design. The challenge here is that the disconnect
between the needs of each stakeholder complicates clinical
development, and that any deficiency could negate the abil-
ity to acknowledge a technology’s true value and relative
advantage.

As a result, investing in resources and consultants that
facilitate understanding the needs of each stakeholder (reg-
ulatory bodies, reimbursors, HTA assessors, and the various
adopter groups such as clinicians, administrators, etc.) will
help to reduce uncertainty about an innovation. For the clin-
ician and regulator, performance, safety, and effectiveness
may be all that they need. However, reimbursors, HTA asses-
sors, and administrators may be concerned about the cost-
effectiveness and broader consequences of implementing an
innovation. As a result, it is important for innovators to
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FIGURE 5. Proposed strategy framework that summarizes the relationship between the themes, rogers’ diffusion of innovation, and the key strategies
that innovators should develop. The top box represents the barriers to diffusion and the associated tenets of the rogers’ model (as per Table 2). When
developing the strategies, innovators should include considerations to the corresponding barrier and understand the relationship between their
considerations and each tenet. In doing so, innovators can increase the likelihood of achieving widespread clinical implementation.

consider these differences and factor them into their strategies
for developing high-quality, robust evidence.

Further consideration should be provided to dissemination
of this evidence as adopter groups often will support their
arguments for an innovation using clinical evidence. Thus,
the medium (communication channel) through which infor-
mation is presented could be an important factor. There is a
tendency for clinicians to rely on trial data from scientific
journals, however, high-quality journals often have a long
peer-review time, which can delay information dissemina-
tion and impact social distribution of the innovation between
adopter networks. As such, the pros and cons of each method
should form part of the clinical strategy.

3) REGULATORY STRATEGY

‘Regulatory affairs’ is a barrier that is heavily associated
with the infrastructure that exists in a region. As a serious
barrier that must be overcome, defining the regulatory strat-
egy is not only required for ensuring a smoother introduction
of an innovation, but also is a requirement with experienced
investors. As a result, it is worthwhile developing a strong
strategy that will encourage investment and facilitate the
acquisition of approvals for clinical use.

From this review, we identified that °‘jurisdictional
requirements’ pose a significant challenge due to the lack
of harmonization. As such, it is extremely important that
regulatory strategies define their target markets, all applicable
regulations, and schemes that apply to a specific innovation.
These requirements will also influence the clinical strategy
as the availability of predicate devices and schemes simi-
lar to the 510(k) can save time and resources that would
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otherwise be required to undergo a full pre-market assess-
ment. Additionally, it is important for innovators to determine
the order in which to access their target markets as some pose
strategic advantages that can facilitate global diffusion. These
strategic advantages should be based on factors such as ease-
of-process, costs and time required preparing submissions,
market size and benefits, as well as treaties and relationships
between regulators (e.g. Australian TGA regulations align
with EU Notified Bodies requirements, and thus it is easier
to gain approval in Australia if a device is approved in the
EU) [76]. Similarly, post-market data from the EU could be
used in regulatory submissions to the US FDA.

4) REIMBURSEMENT STRATEGY

Achieving ‘reimbursement’ is another infrastructural chal-
lenge that ventures must develop strategies for in order to
secure investment and facilitate clinical implementation. Due
to a lack of adequate reimbursement codes, limited-to-no
coverage, various payment systems and insufficient payment
rates; users have little incentive to adopt novel innovations.
Hence, reimbursement strategies should include provisions
for understanding the reimbursement landscape in their target
markets (due to jurisdictional variations) and seek pathways
for obtaining optimal coverage and payment.

To do so, a reimbursement consultant may be required.
However, when assessing the reimbursement landscape, inno-
vators must first understand the payment systems that are in
place for public and private healthcare providers. In doing so,
innovators can assess codes for each provider to target their
strategies towards. It is also important that coding compliance
should be factored into this analysis as low compliance will
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impact clinical usage. Ideally, when selecting codes to target,
ideally, they should have a positive coverage decision and
offer maximal payment to reduce out-of-pocket expenses for
patients and 3" party payers.

Another consideration that should be provided is in under-
standing the impact of HTA on decisions for reimbursement
and inclusion in clinical guidelines. In countries such as the
UK and France, HTA agencies (NICE and Haute Autorité de
santé (HAS), respectively) play a gatekeeper role in deter-
mining which innovations should be reimbursed. For such
markets, including provisions in the reimbursement strategy
for addressing the needs of these agencies can facilitate
diffusion.

5) MARKETING STRATEGY

Having a strong marketing strategy for raising awareness is
vital for ensuring the adoption and diffusion of innovations.
However, the marketing process should commence during
the clinical needs’ assessment and stakeholder engagement
stages as the individuals interviewed can form part of the
early adopter population or be opinion leaders and champions
for an innovation. In doing so, ventures can encourage the
more social aspects of diffusion and increase the likelihood of
leaping over the chasm between early adopters and the early
majority.

As the venture looks towards market access, dissemina-
tion of clinical evidence, marketing materials, and advertise-
ment strategies become increasingly vital. Clinical evidence
is often distributed in scientific papers, however, additional
media, such as social media and mainstream media present
great channels of raising awareness and generating hype
around a product amongst clinicians and the general public
in a manner through which direct-to-customer prohibition
laws are not violated. Additionally, established marketing
strategies employed by the pharmaceuticals industry and
established medical device developers could be useful guides
for creating this strategy.

When marketing directly to adopters, we noted that adopter
demographics could influence adoption. Broadly speaking,
adopters prefer listening to sales personnel of similar pro-
fessional backgrounds. However, for individuals, we dis-
cussed several factors that impact clinical implementation.
To address this, ventures must understand the motivations and
concerns of individuals who could fall under an adoption-
averse category. In doing so, the venture can develop tech-
niques for incentivizing such individuals such that they have
a higher chance of adoption. However, more research into this
is needed.

When addressing challenges due to organization cul-
ture, the strategic position and clinical focus of health-
care providers (do they advertise their technological
capacity?, do they pride themselves as changing healthcare?,
do they provide clinical services that are in your area?, etc.),
their innovativeness, and degree of innovation-friendliness
of the CEO can be useful guides for a venture’s marketing
plan. Generally, the more innovative the CEO and provider,
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the easier it will be to implement a technology. If not, the
venture must develop techniques that demonstrate the prod-
uct’s market fit to the organization and how the organization
will benefit from its use. One way could be to demonstrate to
this organization the benefit another organization is achieving
using the innovation (observability). An additional way is
to understand the broader situation of health services in a
target market and understand how they evaluate the clinical
need for acquiring innovations. In following guides such as
that from World Health Organization, ventures can tailor
their strategies around the target market to improve local
diffusion [77].

6) CASE STUDY: THE EARLY DAYS OF MRI IN THE US
Theoretically, any medical device that has been implemented
has overcome these barriers, particularly if the adopters
belong to the Early Majority, as the rate of diffusion rapidly
increases until around the time the adopter population are
the Laggards [78]. Interestingly, the strategies innovators
employ will influence this rate of diffusion and this can
be observed in one of the most highly used diagnostic
technologies.

Over the years, magnetic resonance imaging (MRI) has
become so widely accepted and used that it is difficult to
imagine that this technology once faced the barriers identified
by this review.

Yet, in a comparative analysis by Hillman et al., it was
identified that computed tomography (CT) experienced a
considerably higher rate of diffusion than MRIs in the early
days, and in fact limited MRI uptake by becoming a dominant
design. In part, this was due to the marginal relative advantage
MRI had over CT, as well as technological uncertainties, clin-
ical evidence limitations, considerably higher cost of acqui-
sition and installation, and lower profitability [79]. However,
as technology advanced and clinical evidence was developed,
the perceptions of potential adopters and the surrounding
stakeholders improved.

In addition, when CT and MRI first penetrated the mar-
ket, they each faced different reimbursement systems. Whilst
CT was implemented under a retrospective payment system
which rewarded hospitals for continued usage and thus facil-
itated uptake; MRI faced a diagnosis-related group-based
prospective payment system, in which the diagnosis deter-
mines the payment a hospital receives for providing care [79].
Given that prospective designs inhibit adoption, MRI manu-
facturers had to account for this in their strategies [7], [32].
Examples included the provision of discounts or manufac-
turer rebates for research usage [79]. Hillman er al., then
goes on to emphasize the impact to the regulatory strategies
for MRI introduction due to the establishment of Certificate-
of-Need and pre-market approval programs to signify the
impacts of changing regulations [32], [79]. This last point
reiterates the subtheme of ‘jurisdictional requirements’,
as different regulators will have different requirements which
can either promote or restrict diffusion in a market, but
were accounted for by MRI manufacturers, resulting in the
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technology being one of the most widely recognized medical
technologies in the healthcare system.

All in all, innovators must critically reflect on the nature of
their innovations, the potential pathways to translation, and
factors that could influence the clinical uptake of their tech-
nologies; ideally at an early stage of the innovation process
and as they progress. In doing so, they can identify potential
challenges and develop strategic considerations that fulfill the
needs for enhancing the likelihood of successful diffusion
to better mitigate risk and improve their journey towards
implementation.

G. LIMITATIONS AND FUTURE RESEARCH

A key limitation of this study is the search strategy that was
employed. Although in line with the PRISMA guidelines and
the inclusion criteria was expanded to relevant grey literature,
relevant sources of information from engineering databases
such as IEEE Xplore could have yielded a more comprehen-
sive analysis of the topic.

Secondly, the quality assessment tool (NICE (UK) Quali-
tative Checklist) was employed to provide an overview about
the overall quality of the included studies. As identified,
15.2% of studies were of low quality. This was in part due to
the nature of the examined studies, which included commen-
taries and opinion pieces. Although limited by their quality,
the information contained within these studies was highly
useful in formulating the presented themes by providing addi-
tional, non-typical sources of data.

Thirdly, given the nature of the topic and style of research,
investigator bias and reporting bias as part of the thematic
analysis requires consideration. As a result, there is the poten-
tial for certain elements to be over- or under-represented
in the data. To reduce the effect of this, the research team,
consisting of biomedical engineers and clinicians who are
actively involved in medical device innovation, to identify
the presented themes and subthemes. Similarly, the themes
that were generated are not representative of the importance
of a barrier but rather how often a barrier was discussed in
literature. As a result of this, there is an under-representation
of certain diffusion barriers in this paper due to the limited
attention paid to them by researchers. However, these data
points are presented in Supplementary Materials B and C.

Finally, due to this under-representation of concepts in the
included literature, the social aspects of the Rogers’ model are
not adequately discussed. This is significant as the Rogers’
model places considerable value on the communication chan-
nels and social networks between individual adopters as they
exchange information that can lead to the spread of an inno-
vation [28], [80].

One research direction that will significantly benefit
innovators is the development of specific frameworks and
optimized strategies for clinical evidence generation and
for compiling regulatory, HTA, and reimbursement submis-
sions such that the barriers to diffusion are considered and
addressed. Furthermore, understanding the actual clinical
need for an innovative solution, and developing formalized
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frameworks will increase the likelihood of success. In doing
so, researchers can produce models and formulaic methods
that are narrower in scope then the model proposed in this
review.

Another aspect is expanding the focus of the clinical use
case analysis of a device from just the product’s features,
market size, existing competitors, and anticipated clinical
outcome, to also consider the regulatory, HTA, and reim-
bursement landscapes [34]. In doing so, diffusion could be
enabled through adaptations to the design of the device and/or
the commercialization strategy. For example, through a reg-
ulatory classification that is reduced and thus, the device
undergoes a simpler assessment; or the device can fit into a
reimbursement code and receive an optimal coverage deci-
sion for both, the manufacturer and clinician.

IV. CONCLUSION

Understanding the Rogers’ Diffusion of Innovation model
in the context of the modern healthcare system can increase
the clinical implementation of medical technologies. Unsur-
prisingly, the findings of this review demonstrated that the
areas in which translation is impeded are associated with
concerns about the technology; uncertainty; deficiencies in
regulation, HTA, and reimbursement; and with the adoption
process itself. This highlights the importance of developing
commercialization strategies at an early stage and the value in
understanding which strategies to employ (as outlined in the
framework) and how to incorporate suitable considerations
(as provided in Supplementary Material F). In doing so,
innovators will be able to comprehend the challenges they
face, as well as the opportunities, so that they can de-risk their
innovation process and enhance diffusion.
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