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Abstr act

There is disparity in the healthcare sector between the extent 
of innovation in medical products (e. g., drugs) and healthcare 
structures. The reason is not a lack of ideas, concepts, or (qua-
si-) experimental studies on structural innovations. Instead, we 
argue that the slow implementation of structural innovations 
has created this disparity partly because evidence-based med-
icine (EBM) instruments are well suited to evaluate product 
innovations but less suited to evaluate structural innovations. 
This article argues that the unintentional interplay between 
EBM, which has changed significantly over time to become 
primarily theoretical, on the one hand, and caution and inertia 
in health policy, on the other, has resulted in structural con-
servatism. Structural conservatism is present when healthcare 
structures persistently and essentially resist innovation. We 
interpret this phenomenon as an unintended consequence of 
deliberate EBM action. Therefore, we propose a new assess-
ment framework to respond to structural innovations in health-
care, centered on the differentiation between the theoretical 
best (possible) evidence, the practical best (possible) evidence, 
and the best available evidence.

Zusammenfassung

Im Gesundheitswesen ist ein Missverhältnis zwischen dem Aus-
maß an Innovationen in Bezug auf medizinische Produkte (z. B. 
Arzneimittel) und dem Ausmaß an Innovationen in Bezug auf 
Versorgungsstrukturen festzustellen. Dies liegt nicht daran, dass 
es an Ideen, Konzepten und (quasi-)experimentellen Studien zu 
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Introduction and problem definition
A guiding principle of modern healthcare policy is the design of the 
healthcare system as a learning system [1, 2] oriented toward the 
triple, quadruple, and quintuple aims of healthcare [3–6]. The con-
cept of a learning healthcare system presupposes that product, 
process, and structural innovations are successfully evaluated using 
EBM methods and then rolled out and practiced broadly until fur-
ther evaluations indicate that emerging forms of care have sur-
passed existing forms. However, Germany and other countries have 
shown that while a learning system works well for product innova-
tion, it is less effective for process innovations and almost ineffec-
tive for structural innovations [7–9].

This implementation deficit has several explanations, such as slow 
acceptance despite the high benefits, external disruptive factors or 
sluggish behavioral changes due to habits [9–12]. However, this ar-
ticle proposes an additional explanation: We argue that the slow im-
plementation of structural innovations results from EBM methods 
and instruments being well suited to evaluate product innovations 
(e. g., new drugs) but less suited to evaluate structural innovations. 
Hence, we demonstrate that systematic structural conservatism re-
sults from the unintended interplay between a significantly evolved, 
primarily theoretical understanding of EBM and health policy cau-
tion and inertia. Structural conservatism exists when healthcare 
structures persistently and essentially resist structural innovations. 
Structural conservatism is an emergent phenomenon, not merely 
the result of a movement seeking to preserve the existing healthcare 
order and the prevailing interests and power relations.

This structural conservatism results in structural innovations 
continuing to struggle against established structures, even if they 
are highly likely to be effective. This article highlights the role of 
science in this problem and proposes various solutions. We advo-
cate for a more robust relationship between science, politics, and 
practitioners in the healthcare system, making it possible to for-
mulate scientific recommendations and political decisions more 
rationally and pragmatically [13]. In times of multiple crises and 
challenges in the healthcare system (e. g., skilled worker shortag-
es, demographic changes, and digital transformation lags) that ur-
gently require reorganization and further development at the struc-
tural and organizational levels, taking action in healthcare policy is 
imperative based on the highest practicable level of evidence.

The scientific principle of the best evidence: 
Its meaning, origin, and areas of application
The original EBM called for the “best available evidence,” not the 
highest evidence – it was strictly application-oriented because its 
founders were practitioners [14]. A critical goal of these first-gen-
eration EBM advocates was to view clinical epidemiology and EBM 
as resources for applying evidence in treating patients [15]. This 
“application-oriented EBM” aims “to achieve the integration of re-
search results in clinical practice;” hence, “EBM proposes a formal 
set of rules to help clinicians interpret and apply evidence” [16]. 
Clinicians make numerous shared decisions with patients daily 
while directly responsible for these choices. In clinical patient care, 
decisions are always active processes. For instance, the decision to 
maintain or not to initiate a therapy must be actively, directly jus-
tified, and communicated to the patient.

In contrast, today’s second EBM-generation representatives of 
“theoretical EBM” are no longer practitioners (e. g., NICE and IQWiG) 
and are not confronted with the need of making immediate, prag-
matic decisions. They do not have to compromise and can always 
request the theoretically best evidence adhering to pure EBM meth-
odology. They also bear no direct responsibility for decisions based 
on their rules. The first EBM generation’s originally pragmatic and 
enabling EBM concept was expanded by the second generation into 
a theoretically pure concept with the highest scientific standards. 
These standards and criteria are appropriate from a very theoreti-
cal, basic research perspective, which exclusively seeks for an ab-
solute truth about nature and its functioning irrespectively of any 
practical consequence or application in practice. This second gen-
eration advocatess a concept that could be described as “pure 
EBM,” or “theoretical EBM,” requiring that studies provide the high-
est theoretically possible level of evidence [17, 18]. One example 
is the requirement that strong evidence-based recommendations 
be based on meta-analyses of several double-blind, comparative 
randomized parallel group studies with narrow 95  % confidence in-
tervals [19–20]. In contrast to the original EBM concept, with deci-
sions based on practical clinical experience, patient preference, and 
study evidence, this second generation of pure theoretical EBM ad-
vocates base all recommendations on the principle of theoretical 
best evidence from studies, irrespective of the context and related 
possibility to achieve this theoretically best possible level of evi-
dence from studies.

Versorgungsorganisationen mangelt. In diesem Beitrag stellen 
wir vielmehr die These auf, dass wir es mit einer schleppenden 
Implementierung von Strukturinnovationen zu tun haben und 
dass dies zum einen daran liegt, dass das EbM-Instrumentarium 
zwar sehr gut zur Evaluation von Produktinnovationen geeignet 
ist, aber nur bedingt zur Bewertung von Strukturinnovationen. 
Wir zeigen in diesem Aufsatz, dass sich aus dem ungewollten 
Zusammenspiel aus einem über die Zeit deutlich veränderten, 
nun vor allem theoretischen EbM-Verständnis und gesundheit-
spolitischer Vorsicht und Trägheit ein systematischer Strukturkon-

servatismus resultiert. Strukturkonservatismus ist gegeben, wenn 
die Strukturen des Gesundheits- und Versorgungssystems ein 
starkes Beharrungsvermögen aufweisen und gegenüber Innova-
tionen weitgehend resistent sind. Dieses Phänomen interpretieren 
wir als eine unintendierte Folge absichtsvollen EbM-Handelns. Um 
auch bezogen auf Strukturinnovationen in der Gesundheitsver-
sorgung handlungsfähig zu sein, schlagen wir einen neue Be
wertungsrahmen vor, in dessen Mitte eine Differenzierung zwis-
chen der theoretisch bestmöglichen Evidenz, der praktisch 
bestmöglichen Evidenz und der bestverfügbaren Evidenz steht.
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Sociologically, the development of EBM can be interpreted as 
the process of an idea that became independent, during which a 
separate functional subsystem developed with its own institutions 
(e. g., NICE and IQWiG). This functional subsystem emancipated 
itself from the “parent” system (i. e., clinical practice), largely 
sealed off from external influences, as consistently observed with 
such independent functional subsystems, so-called autopoietic 
systems [21].

Ergo, the originally pragmatic idea has become so fully inde-
pendent that “theoretical EBM” is applied indiscriminately to all 
possible innovations (product, process and structural innovations). 
This one-size-fits-all approach fails to consider that the principle of 
theoretical best evidence no longer applies in certain constellations 
and framework conditions, as is often the case with structural in-
novation. Thus, practicable (clinical decision-making), multidimen-
sionally integrated (with internal evidence, external evidence, and 
patient preference), and dialectical principles have been trans-
formed into principles far removed from practice that almost dog-
matically, always reflexively, and without contextual reference de-
mand the theoretically best level of evidence. This shift, while un-
derstandable in the context of basic research, ultimately leads to 
an inability to act when the theoretically best level of evidence can-
not be provided.

Indeed, these crucial differences between first-generation and 
second generation EBM advocates have not yet been critically ad-
dressed in the scientific community as possible reasons for many 
decision-making dilemmas in today’s healthcare system.

Whether in its original or current form, EBM is a well-established 
method for reducing complexity (e. g., a randomized controlled 
trial (RCT) reduces multi-causal relationships to one factor) and un-
certainty in recommendations and decision-making. Ideally, ap-
plying the EBM approach effectively reduces the uncertainty in de-
cision making. Hence, EBM serves politics as a reliable provider of 
truth and an eliminator of doubt since randomization eliminates 
confounders. Nonetheless, the external validity and generalizabil-
ity to real-world settings are low.

The first EBM generation addressed the problem of low external 
validity by integrating the practitioner’s experience and contextu-
al knowledge with patient preference. However, neither concept 
factors into today’s “pure EBM.”

At its core, EBM that demands the theoretical best level of evi-
dence strives to reduce residual uncertainty for scientists and de-
cision-makers to a theoretical minimum by utilizing appropriate 
study design and methods to rule out all alternative explanations 
(i. e., high internal validity). Thus, second-generation EBM propo-
nents primarily support the basic sciences undergirding EBM, par-
ticularly clinical epidemiology, which uses statistical and biometric 
methods to describe causal relationships between exposures and 
(health-related) conditions/results/outcomes.

The observation that epidemiology and statistics are essential-
ly basic instead of application-oriented sciences [22] is central to 
our argument. The basic sciences generally strive for pure knowl-
edge and causal truth and must apply the entire arsenal of meth-
ods and procedures to arrive at pure knowledge. In the case of in-
terventions, these methods and procedures converge in the crite-
ria of the theoretically best possible evidence.

Notably, representatives of these basic disciplines must criticize 
a study that does not satisfy the highest form of evidence on pure-
ly academic, theoretical grounds. Thus, they legitimately move 
within their scientific system, striving for absolute truth focused on 
critical appraisal instead of practical decision-making. As a result, 
the guiding role model of the second-generation EBM community 
is the critical methodologist, not the decision-maker in politics and 
medical practice. In this case, the autopoietic system of basic sci-
ence is unconcerned with the consequences on the political system 
and practice.

One consequence (usually unintentional) is the inhibition of in-
novation in the healthcare system. Hence, albeit unintentionally, 
basic science supports (or even propagates) the healthcare sys-
tem’s structural conservatism, resulting in the “unanticipated con-
sequences of purposive social action” [23] and the “unintended 
consequences” in complex systems [24–26]. Unlike basic scientists, 
applied researchers (e. g., health services researchers) must think 
more broadly to consider the consequences of a strategy of scien-
tific purity [27] by moving from disciplinarity to transdisciplinarity.

The principle of theoretical best evidence 
fails when it comes to structural innovations
Product innovations can be tangible (e. g., new medications and 
medical aids) or intangible (e. g., health apps) and usually consist 
of a product core, the product exterior as perceived by the custom-
er and various additional services [28]. Process innovations are in-
novations in healthcare procedures. They exist at the macro level 
(e. g., the care pathway for strokes), the meso level (e. g., internal 
hospital treatment pathways for strokes), and the micro level (e. g., 
the organization of participatory decision-making for breast can-
cer).

Structural innovations in the healthcare system can also be 
found at the macro level (e. g., introducing levels of care and re-
placing specialist wards with care groups), at the meso level (e. g., 
mandatory quality standards and the concentration of care in cer-
tified centers), and at the micro level (e. g., changes in decision-
making structures). Structural innovations are defined as novel 
changes in the organizational and operational structure of a health-
care provider that have not yet been implemented by the provider 
[29]. One example at the macro and meso levels is the nationwide 
introduction of certified cancer centers [30–35].

Distinguishing between these three innovation types is relevant 
for our considerations because they correlate with the ability to ful-
fill the criteria of the theoretical best level of evidence. For exam-
ple, product innovations are often ideally suited to applying the 
principles of the theoretically best evidence. Ideally, the evaluation 
of product innovations, especially pharmaceutical innovations, can 
be conducted so that all criteria required for the theoretically best 
level of evidence are fulfilled. Thus, statisticians, biometricians, and 
epidemiologists no longer have objections since all doubts about 
the innovation’s effectiveness are eliminated. However, when eval-
uating structural innovations, the principle of the theoretically best 
evidence reaches its limits in various respects, as will be shown 
below.
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Limited manipulability
A core feature of RCTs (Randomized Controlled Trial) and CRTs 
(Cluster-Randomized Trial) is the manipulability of the independ-
ent variable [36, 37] using an arbitrarily planned intervention [37]. 
In reality, however, structural innovations as an independent vari-
able can only be manipulated to a limited extent. Structural inno-
vations change care structures at the macro level, organizational 
structures at the meso level, and interaction structures at the micro 
level. The principle of manipulability is particularly applicable at 
the micro level and poses less of a problem than at the meso and 
macro levels. Thus, experimental manipulability is subject to 
strong, pragmatic limits at the macro and meso level.

Resistance to change
Resistance to change involves forms of collective resistance to 
planned structural changes. More than processes and products, 
structures are linked to interests, resources, and power [9] and can 
trigger conflicts of interest and power struggles resistant to change 
[38, 39]. Indeed, structural innovation is not isolated but includes 
existing structures to be supported, supplemented, or replaced by 
them. Since stakeholders (e. g., employees and shareholders) have 
the most at stake with replacement innovations, resistance to 
change is widespread among them [9]. Resistance to change also 
occurs when there are nopower interests at stake, e. g. when those 
affected want to hold on to their habits, routines and safety pre-
cautions for supposedly good reasons.

Assembly costs and time
Moreover, even if all stakeholders are willing to change, structural 
innovations cannot be flexibly manipulated at will (e. g., flipping a 
switch). Building structures takes time and money [9] and can 
sometimes require several years since existing care structures must 
either be transformed or new care structures established. The fi-
nancial costs of converting or establishing supply structures add 
to the time and energy required. Hence, these singular events have 
high material and immaterial costs and require significant time 
(e. g., compared to animal or psychological experiments).

Reversal costs: Imaginary and real
Beyond initiating and activating structural innovation, dismantling 
an unsuccessfully evaluated structural innovation cannot be ne-
glected after an experiment is conducted. While a drug can easily 
be discontinued, a structural innovation cannot, especially when 
creating new organizational units, buildings, facilities, apparatus-
es, or investments such as developing personnel and organizations. 
Thus, anticipating a possible reversal of structures after the (nega-
tive) evaluation must be considered from the outset. Nonetheless, 
if a structural experiment has a negative outcome, the self-inter-
ests of those who want to hold on to the given situation (e. g., em-
ployees wanting to keep their jobs) can often prevent the neces-
sary reversal.

An even more critical case occurs when a structural innovation 
is not to create a new structure but to abolish an old one (e. g. clos-
ing a rural district hospital and replacing it with an outpatient 
healthcare network). Indeed, the closed district hospital cannot be 
reopened if the experiment ends negatively. Hence, structural in-

novations cannot generally be established and dismantled as prod-
uct innovations can be.

Complexity
A further limitation to evaluating structural innovations at the high-
est level of evidence, as required by second-generation EBM advo-
cates [19], refers to complex interventions. EBM, initially developed 
for individual treatment decisions in a clinical context, is suitable 
at the population level using simple, stable interventions (e. g., 
drugs, medical devices, and patient training) to minimize decision 
uncertainty by applying randomization at the individual level. How-
ever, complex interventions involving several influencing factors, 
actors, system components, and interactions limit the applicabil-
ity of theoretically best EBM standards. This limited evaluability is 
because complex medical innovations often affect several systems 
(e. g., technical, physical, psychological, and social systems). When 
dealing with systemic contexts, positive or negative side effects 
within and between systems (whether intended or unintended) 
must be considered to obtain a holistic picture of the consequenc-
es of a particular decision and to assess the overall impact of an iso-
lated individual decision.

Environmental dynamics and EBM lag
The principle of the theoretical best evidence generally reaches its 
limits in dynamically developing fields of application, as shown 
below with two typical cases.

The first case deals with completely new threats (e. g., COVID-
19), where EBM is unsuitable for providing knowledge to decision-
makers at the outset [40]. As a result, third-generation EBM repre-
sentatives have recently attempted to accelerate knowledge gen-
eration and systematization through rapid reviews and living 
guidelines [41–44], which was labelled the “organic turn” of EBM 
[45] or “pragmatist turn” [46]. However, accelerating processes 
cannot address the fundamental dilemma of the EBM lag [47]. The 
EBM lag is the period between an innovation’s emergence and the 
availability of systematic reviews of RCTs and meta-analyses on its 
effectiveness related to a specific primary outcome [47].

The second case is when the technologies used in a new care 
structure develop rapidly [48–50] . For example. if a care structure 
is developed today using ChatGPT 4.0, a systematic review of this 
AI-engineered structure may only be available a decade later. By 
then, however, ChatGPT may be available in version 10.0 or discon-
tinued and replaced by a qualitatively different form of AI, thus ren-
dering the systematic review obsolete. Since digital technologies 
become outdated quickly, the knowledge gathered on them also 
becomes outdated. Therefore, the digital transformation exposes 
a new weakness of EBM concerning product innovations such as 
digital health applications (DIGA) and other health technologies.

Both cases above are affected by the EBM lag, which is implicit-
ly a topic in some articles on EBM [50, 51]. In the middle of the last 
century, Ogburn noted that culture (e. g., legal regulations) fre-
quently lagged behind technological progress (i. e., the cultural 
lag). We define EBM-lag as the time that elapses between the emer-
gence of the care innovation and the publication of systematic re-
views, meta-analyses and (living) guidelines on the effectiveness 
of this care innovation. As mentioned, acceleration and flexibility 
attempts cannot fundamentally change this lag [45].
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Limited randomizability of structural innovations 
and low evaluation culture
EBM is a valuable approach to generating evidence in an evaluation 
culture where structural innovation researchers and practitioners 
are willing to engage in cluster-randomized experiments [52] and 
stepped-wedge designs [53]) to gain long-term benefits through 
increased knowledge. However, the core problem in this context is 
the randomization of individuals, medical practices, clinics, re-
gions, and (federal) states to an intervention or control group. Ran-
domization is the core element of the principle of theoretically best 
evidence, which controls for known and unknown confounders that 
no other method can match [50]. However, randomization is chal-
lenging if not impossible to apply to structural innovations, espe-
cially in non-government healthcare systems.

The first boundary of randomization occurs often in a low eval-
uation culture [54]. In this case, the subjects refuse to be the ob-
ject of the study (i. e., acting as “guinea pigs” in an experiment), 
the second boundary results from the aforementioned high costs 
and expenditures of material and time involved in creating a struc-
tural innovation. In this case, an innovative care structure is intro-
duced in a care organisation because it is part of an experiment and 
not because an independently conducted strategy development 
process within the care organisation has led to the conclusion that 
this innovative care structure is the right structure for the future 
(“not invented here”-problem). In an experiment, the free decision 
on designing the future care structure is replaced by a decision 
from outside (e. g. science). This creates resistance to experimen-
tation.

Hence, the manipulability of the independent variables is lim-
ited since few social units (e. g., districts, countries, organizations, 
and clinics) will take on this effort if they are “only” randomly part 
of the control group (which, according to the research hypothesis, 
typically results in worse outcomes than the intervention group).
Randomization is also difficult or even impossible if already estab-
lished structural innovations exist. In healthcare, a historically 
evolved structure exists in which randomization is no longer pos-
sible and selection effects have already occurred. Although good 
evaluation designs can be used in a historically evolved care struc-
ture, they never reach the theoretically best evidence level to sat-
isfy the pure EBM criteria of the theoretically best evidence.

The constitution of the healthcare system
As explained above, the theoretically best level of evidence reach-
es its limits in the case of expensive, complex structural innovations 
that affect power and interests. These innovations cannot be eval-
uated regularly according to the theoretically best evidence prin-
ciple in non-governmental healthcare systems. Structural innova-
tions can only be properly evaluated if their further application is 
halted until a prototype is tested and permitted only after a clus-
ter-randomized study is conducted to confirm or disprove their ef-
fectiveness. Here, structural innovations require compulsory ran-
domization.

One example where a randomized design is impossible is the in-
troduction of care groups instead of the current specialist wards, 
as currently discussed in the context of the German healthcare re-
form [55]. In Germany, the ideal would be a three-arm randomized 
study that randomly assigns individual federal states to either the 

”64 care groups”-concept (structural intervention A), the ”128 care 
groups”-concept (structural intervention B), or the current special-
ist ward concept (the control group) [55]. According to the 
Cochrane risk of bias tool [56], the study would also have a high risk 
of bias since it could not be conducted in a blinded/masked man-
ner vis-à-vis the federal states and the population.

According to EBM maxims, such an “ideal” approach would only 
be conceivable in centralized, state-run systems, not in decentral-
ized, market-based, liberal health systems. Voluntary randomiza-
tion would also be possible in decentralized healthcare systems for 
meso-level interventions, for example, at the organizational level 
(hospitals). However, it would entail several other bias issues (e. g., 
due to the motivation and willingness to change) in addition to the 
blinding/masking problem.

Structural conservatism as an unintended 
consequence of applying the principle of 
theoretically best evidence
Ergo, the evaluation of structural innovations generally cannot 
meet the requirements of the second EBM generation for the the-
oretically bestlevel of evidence. This perspective and attitude are 
related to Popper’s [57] falsification principle and justified by the 
classical test theory [58]. Using conventional significance tests [59] 
researchers primarily aim to avoid type 1 errors (false posi-
tives)[60]. This scientific approach is inherently conservative since 
the old should only be replaced by the new if the new fulfills all cri-
teria of indubitability with the alternative hypothesis accepted.

As a consequence new structures are not introduced, nor are 
old ones abolished due to statistical concerns, even if it is highly 
probable (but not highly certain) that the new is better than the 
old. This structurally conservative approach of “pure EBM” in poli-
tics and practice leads to science systematically disadvantaging the 
new. Therefore, type 2 errors become more likely. Some arguments 
have suggested that this type of error (a false negative) can be far 
more problematic than type 1 [60]. As Fiedler and colleagues 
(2012) state, “We show that the failure to assertively generate and test 
alternative hypotheses can lead to dramatic theoretical mistakes, which 
cannot be corrected by any kind of rigor applied to statistical tests of 
the focal hypotheses” [60]. The most unintended consequence of 
this precautionary strategy for healthcare is that structural con-
servatism is supported by science, if not (co-) generated by it in the 
long term.

Indeed, the classical theory of significance testing is necessary 
for drugs if one does not want to risk that a new drug is worse than 
a verified old drug. However, this principle is only applied to drugs 
if there are good, well-tested alternatives, as is usual in modern 
medicine for all common diseases, but not for Orphan drugs tar-
geting patients with rare diseases without effective approved treat-
ments.

In the case of structural innovations, the falsification principle 
combined with the approach of ”pure” EBM means that structural 
innovations are inevitably classified as uncertain or doubtful in ef-
fectiveness. Consequently, they do not receive strong recommen-
dations. This outcome is welcomed by interest groups in the health-
care sector, who cling to the status quo for various reasons, such 
as power interests, preserving resources, inertia, and change fa-
tigue [9]. It allows them to embrace their existing structures with-
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out changing things. This result would not necessarily be negative 
if the existing system also underwent an empirical test before its 
introduction into healthcare. However, healthcare structures usu-
ally evolve historically to “prove” themselves without being evalu-
ated as rigorously as their introduction into practice according to 
“pure” EBM. This problem is specific to structural innovations since 
product innovations (e. g., new drugs) can usually be compared 
with an existing alternative tested for effectiveness. However, with 
structural innovations, the previously untested is compared with 
the new, the latter of which must meet the highest statistical re-
quirements. Hence, structural interventions are at an inherent dis-
advantage compared to product innovations.

This mechanism is not without consequences. For example, sup-
pose a political necessity and urgency exists to adapt care struc-
tures to new social circumstances. In politics, no attempt is usual-
ly made to systematically derive scientific recommendations and 
political and practical decisions from study evidence. Rather, deci-
sion-makers tend to trust experts or make political decisions di-
rectly and independently – without resorting to experts or study 
evidence – so that politics remains capable of acting while demon-
strating its ability to act [44, 61]. Examples include adjustments to 
care structures and processes during the COVID-19 pandemic [44] 
and discharge management regulations. Health policy, pressured 
to make decisions, often acts independently of evidence-based sci-
ence, usually due to a lack of or controversial top-level evidence. In 
this case, policymakers act without evidence-based knowledge of 
“pure EBM.” In our view, however, there must be a compromise be-
tween option A (a successful but non-evidence-based decision) and 
option B (failed attempt to make a decision due to doubts about 
whether one has reached the theoretical best evidence). We will 
propose such a compromise below.

Measures to overcome structural 
conservatism
From the viewpoint of applied health services research, we present 
a catalog of measures that build on each other and can interrelat-
ed as a program. Together, they form the basic framework of a pro-
gram of evidence generation and interpretation to guide action for 
structural innovations.

We propose the following algorithm for this program:
1.	 raising awareness of methodological trade-offs and deriving 

consequences for a study design/program and the strength of 
recommendation,

2.	 defining a priori the theoretical best and the practical best 
level of evidence with regard to the structural innovation and 
related context,

3.	 conducting a (rapid and/or scoping) review and integrating 
state-of-the-art theory to determine the best available 
evidence,

4.	 presenting the difference between the best available and the 
practically best achievable level of evidence, including the 
respective uncertainty of the decision, and

5.	 confronting decision-makers with the (evidence) situation and 
jointly agreeing on a research program.

6.	 A) If an evidence-based decision is desired and sufficient time 
is available, then the research program should be completed 
and the results should be presented to the political decision-
makers.

	 �B) If there is no time to carry out the research program, then a 
transparent decision should be made considering the best 
available evidence, the state of theory, and a modeling/
impact analysis.

Step 1: Raise awareness for methodological trade-offs 
and derive consequences for study design and strength 
of recommendation
Various conditions at the macro and meso levels of a healthcare 
system can be more or less pronounced depending on the system. 
Therefore, they require compromises regarding the highest achiev-
able level of evidence. The third chapter in this article describes 
some of the most important framework conditions, including re-
sistance to change and the lack of acceptance of randomization. 
Legitimate reasons for necessary compromises and the resulting 
methodological compromises need to be standardized in the re-
search community a priori and communicated. ▶Table 1 overviews 
this process. The list in ▶Table 1 is not exhaustive but is merely in-
tended to stimulate discussion.

Step 2: Defining a priori the theoretical best and 
practical best level of evidence
We propose distinguishing between three levels of evidence:

▪▪ theoretical best evidence (theoretical best possible evidence),
▪▪ practical best evidence (practical best possible evidence), and
▪▪ best available evidence (currently highest available evidence).

The theoretical best possible evidence 	refers to the highest evi-
dence level achievable in an ideal experimental world regardless of 
the circumstances, with no levels of evidence above it. The highest 
level of evidence requires no alternative explanation for the empir-
ical result apart from the “intervention” factor.

The theoretically highest level of evidence is achieved when a 
metaanalysis of several double-blind, comparative (cluster) rand-
omized parallel group studies with a narrow 95  % confidence inter-
val is available for a structural innovation [19, 20]. It must be de-
fined in each case and visualized as an ideal target to determine the 
methodological steps taken in an ideal world where the power of 
the factual does not exist to recommend a decision with the low-
est uncertainty.

In contrast, the practical best evidence is the highest achievable 
evidence under specific circumstances and conditions, including 
political, economic, social, ethical, psychological, legal, data pro-
tection, and organizational conditions, which define the limits of 
the study design. These limitations can result in the practical best 
possible evidence being far away from the theoretically best evi-
dence, which is regularly the case with structural innovations. For 
example, when dealing with a structural innovation in a state 
healthcare system, the practical best evidence can be moved more 
toward the theoretical best evidence than in a liberal healthcare 
system because it can essentially be ordered. Nevertheless, even 
state healthcare systems experience clear limits to the evaluability 
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of structural innovations when striving for the highest theoretical-
ly achievable evidence.

The theoretically best evidence and the practically best evidence 
should never refer exclusively to one study. The studies conducted 
(e. g., innovation experiments) must be subjected to replication 
and also pass replication tests (s. ▶Fig. 1).

The best available evidence is used in this context per Sackett 
[62], focusing on policymakers rather than physicians. Therefore, 
evidence-based health care planning is the conscientious, explicit, 
and judicious use of current best evidence in making practical and 
political health management and policy decisions about the care 
of specified patient groups, thereby integrating collective clinical 
and healthcare expertise with the best available external clinical 
and healthcare evidence from systematic research.

Depending on the state of research, this level of best available 
evidence may be closer or further from the practically best (possi-
ble) evidence and the theoretically best (possible) evidence. The 
best available evidence is a) frequently available to scientists and 
decision-makers in a systematic review or evidence synthesis and 
b) can be made available in an emergency to scientists and deci-
sion-makers after scanning published evidence. Therefore, despite 
its potential weakness, this best available evidence is better than 
an ad hoc political decision without evidence.

Step 3: Conducting a (rapid and/or scoping) review 
and integrating state-of-the-art theory
When urgently needed political adjustments arise in response to 
rapidly changing conditions, the best available evidence should be 
processed using rapid and/or scoping reviews to scan and record 
available evidence. These reviews should also help determine 
whether reviews are available on the status of a) mechanistic stud-
ies concerning the question and their content (the status of EBM  +  ; 
[67–69]) 	and b) theoretical work in this field [70].

The application of the EBM  +  theory approach with the three 
phases a) using theories to identify theoretically causal mecha-
nisms and to plan interventions (phase 1), b) using EBM  +  to em-
pirically identify causal mechanisms and further specify the inter-
vention (phase 2) and c) conducting high-level EBM studies with 
regard to the intervention (phase 3) can be helpful here [45]. In this 
process, theories first provide orientation about the healthcare 
world to reduce complexity and highlight the possible side effects 
of structural innovations, thereby allowing starting points to de-
rive accurate interventions while helping explain phenomena and 
their relationships.

The second step is the EBM  +  approach, “which systematically 
considers mechanistic evidence (studies which aim to explain which 

factors and interactions are responsible for a phenomenon) on a 
par with probabilistic clinical and epidemiological studies” [69]. 
When uncovering mechanisms of effect, non-randomized proce-
dures and methods should also be used if they contribute to un-
covering existing causal mechanisms and pathways [69].

In the third step, mechanistic studies are supplemented by (clus-
ter) randomized experimental studies to apply the classic EBM ap-
proach [45]. Reviews on reviews of these three steps can help quick-
ly prepare the best available evidence for decision-makers.

Step 4: Presenting the difference between the best 
available and the practical best achievable level of 
evidence
Many health services researchers will want to claim that their study 
has produced the best possible evidence (i. e., the most practically 
achievable evidence). Others will want to disagree because they 
apply different standards. One solution to this potentially emerg-
ing problem is to define the best possible evidence in the scientific 
community by consensus in advance, separately for each typical 
constellation of framework conditions, because each constellation 
of innovation type and framework condition has a valid, practical-
ly highest level of evidence (practical best possible evidence). 
Therefore, the criteria for the practically highest level of evidence 
should be defined in advance for each innovation type and typical 
condition to ensure a consistent subsequent assessment of the 
available evidence while avoiding conflicts of interest in interpret-
ing the study results. An exemplary general guiding question is: 
What is the best possible level of evidence for structural innova-
tions in a non-government healthcare system with restrictive data 
protection regulations? The answer to this question depends on 
the context, the structural intervention and the specific research 
question. ▶Table 1 provides some strategies to cope with given 
limitations to provide the theoretically highest evidence for differ-
ent scenarios.

Importantly, this best possible level of evidence should be de-
termined by a legitimized group that should clarify the typical con-
stellations of conditions and how to define the best possible evi-
dence for each. This best possible evidence should be defined in 
advance as a guiding objective (e. g., by research funders) so that 
projects can be oriented accordingly in their study planning.

When a priori defining the catalog of requirements for the prac-
tical best evidence for a typical constellation of framework condi-
tions (i. e., practical conditions), comparing it to the theoretical 
best evidence (under ideal conditions) would be desirable. The dif-
ferences between the two evidence categories would help specify 
the underlying conditions of the necessary compromises (e. g., data 
protection, data availability, no acceptance/possibility of randomi-
zation, and too few observation units). These specifications could 
(politically) justify the need to change these conditions.

Step 5: Confronting decision-makers with the 
(evidence) situation and jointly agreeing on a 
research program
In the case of the applied sciences, which are not primarily con-
cerned with finding the absolute truth, striving to achieve the high-
est possible level of evidence is only warranted if political decision-
makers are willing to make an evidence-based decision.

Theoretical best evidence

Practical best evidence

Best available evidence

▶Fig. 1	 Distinguishing three critical levels of evidence.
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Therefore, we propose another solution for healthcare research 
based on applied science: publicly acknowledging residual uncer-
tainty in the findings while still making clear recommendations. 
The basis for this reasoning is the commitment of science and 
healthcare research to recommendations under uncertainty. Thus, 
this proposal requires abandoning the pursuit of ultimate certain-
ty while being bolder with recommendations. The objective could 
be to determine the likely benefits and harms of a structural inter-
vention and compare them with the benefits and harms of the sta-
tus quo. Thus, based on a previously defined scientific process, the 
(unavoidable) residual risk associated with maintaining existing 
structures would be communicated to decision-makers, including 
the residual risk associated with introducing new structures. In re-
turn, political decision-makers should transparently explain why 
they decided for or against the new structures. Hence, a politically 
accountable, active decision should always be made, even if the 
status quo is maintained, since a non-decision is also a decision 
based on a variation of Watzlawick’s [71] theorem.

Managing residual risks
Residual risks accompany a positive or negative recommendation 
for introducing a structural innovation, despite the difference be-
tween the theoretical best evidence and the best available evidence 
that ultimately forms the basis of the recommendation. The risk 
scientists face is that they may “wrongly” recommend. However, 
the more evidence is available for the recommendation, the lower 
the risk of error. In contrast, the higher the residual risk, the great-
er the uncertainty of the political and practical decision-makers, 
so the risk of making the wrong decision grows. Again, taking a 
small residual risk is better than no decision in the pursuit of max-
imum certainty; it is also superior to taking a very high risk because 
a politician under pressure to act often decides without an evidence 
base.

Ergo, health services research, as a basic research-oriented ap-
plied science, must conduct internal residual risk management re-
garding practical recommendations. For policy advice, this proce-
dure entails providing data and evidence with instruments, meth-
ods, and theories that enable decision-makers to know and assess 
the residual risk of a positive or negative decision.

Systematic monitoring
An essential element of risk management in making recommenda-
tions and decisions is recording the possible consequences of po-
litical and practical decisions through the “systematic monitoring” 
of the effectiveness and impact of (structural) healthcare innova-
tions in the sense of continuous evaluation. Models exist for such 
monitoring processes in the public health sector [72]. Thus, health-
care-related data can be used sensibly and beneficially [73, 74].

As with residual risk management, systematic monitoring ac-
cepts uncertainty while committing to formulating the best pos-
sible evidence as a pragmatic goal to strengthen the recommen-
dation. Monitoring is appropriate and sensible for any deviation 
from the highest theoretically achievable level of evidence, yet it is 
indispensable when the best available evidence deviates from the 
practically best achievable evidence. Monitoring must focus on as-
pects emerging from comparing the best available and best pos-
sible evidence.

Systematic monitoring can allow science, politics, and practice 
to learn a posteriori the extent and consequences of the residual 
risk. Furthermore, these stakeholders can also learn how to better 
assess future residual risks. Above all, monitoring helps to fine-tune 
after learning processes are completed so that the negative conse-
quences of a (minor) wrong decision can be quickly identified, rec-
tified, or mitigated. The combination of EBM and learning-based 
medicine is the best basis for the emergence of a “learning health-
care system“.

Structural innovation assessment
Impact monitoring can be systematized by integrating it into a sys-
temic impact assessment. The basic principles of systems thinking 
should be considered via systemic analysis of the effects of the in-
troduction and non-introduction of any measure by determining 
the intended and unintended complex consequences of a deliber-
ate action [70, 75–79]. These consequences could be presented as 
“if-then” causal relationships to explore the various chains of ef-
fects and their cross-relationships in detail in three steps:
a)  analysis of the main effect by implementing an intervention-

related causal analysis about the selected main effect (primary 
outcome),

b)  analysis of side effects by conducting an intervention-related 
causal analysis about the intended and unintended side effects 
and immediate and long-term consequences, and

c)  translating the communication of “if-then-knowledge” about 
the main and side effects to decision-makers in politics and 
practice utilizing a structural innovation assessment report sim-
ilar to the former technology assessment reports ([80]. These 
reports should be far more systemic and broadly aligned than 
many health technology reports [81, 82]. However, this unde-
sirable narrow focus often characterizes more recent HTA 
reports [83].

Step 6: Policy and practice decide situationally and 
flexibly under the guiding principle of the highest 
achievable evidence
We distinguish between two possible situations: there is a) enough 
time or b) not enough time to prepare the decision based on the 
best possible evidence.

Scenario A: When an evidence-based decision is sought with 
sufficient available time, the best possible research program should 
be completed with the results presented to political decision-mak-
ers. They would then explain how the available best possible evi-
dence was incorporated into their decision-making. If it were not 
incorporated, these political decision-makers would be obliged to 
state the specific reasons and substantiate why it was not used and 
a different political decision was made. In this case, the scientific 
community – particularly the EBM community – would have to ac-
cept this decision as political. Nevertheless, the scientific commu-
nity would inform the decision to the best of their knowledge and 
in good conscience (i. e., an informed political decision). In this 
case, scientists would have done their “jobs” well and reached their 
power’s justified limits. However, health policymakers would then 
be responsible for the main and side effects identified in the struc-
tural innovation assessment report if they occurred as predicted.
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Scenario B: With insufficient time to determine the best possi-
ble evidence, a decision should consider the best available empiri-
cal evidence and theories with a modeling analysis to predict the 
most likely impact of (i) implementing and (ii) not implementing 
the structural innovation. The residual risk in the decision and the 
associated decision uncertainty should be transparently identified.
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cal decision, and the consequences must be ascribed to health 
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objective is to allow the innovation a reasonable chance of 
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(i. e., did side effects occur, and were they intentional or 
unintentional?). Depending on the results, practice and 
health policy can take countermeasures. Based on such an 
approach, implementing a learning healthcare system that 
relies equally on evaluation and monitoring is possible, thus 
maintaining a deliberate course between structural 
conservatism and innovative ventures.
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