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a b s t r a c t
Natural experiments are observational studies of medical treatments in which treatment allocation is
determined by factors outside the control of the investigators, arguably resembling experimental randomisation. Natural experiments in the ﬁeld of orthopaedic trauma research are scarce. However, they
have great potential due to the process governing treatment allocation and the existence of opposing
treatment strategies between hospitals or between regions as a result of local education, conviction, or
cultural and socio-economic factors. Here, the possibilities and opportunities of natural experiments in
the orthopaedic trauma ﬁeld are discussed. Potential solutions are presented to improve the validity of
natural experiments and how to assess the credibility of such studies. Above all, it is meant to spark a
discussion about its role within the ﬁeld of orthopaedic trauma research.
© 2022 The Authors. Published by Elsevier Ltd.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)

Introduction
Randomised clinical trials (RCT) are widely accepted as the
highest level of evidence for evaluating and comparing effectiveness of therapeutic interventions [1]. Nevertheless, results of
traditional RCTs may have limited generalizability; the ﬁeld of
orthopaedic trauma research is no exception to that. The potential
limited generalizability stems from the highly artiﬁcial conditions
that are usually imposed on surgical practice to ﬁt the randomised
study design [2]. Surgeons frequently have a strong personal
preference for a certain treatment due to technical skills, personal
experience, and local culture and infrastructure [3]. These aspects
play an important role in the surgeons’ decision whether or not to
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include patients into an RCT [2,4]. In addition, patients frequently
have a strong opinion as well about treatment options, particularly
when it comes down to fundamentally different treatments, such
as non-operative care and surgical treatment. This also contributes
to selective inclusion of participants in surgical trials. What is
more, the time from presentation of concept at a congress to
publication of RCTs in orthopaedic trauma research is on average
10 years, which is highly undesirable in a fast-developing ﬁeld like
orthopaedic trauma surgery [5].
Observational studies are increasingly regarded to provide
evidence that is complementary to that from RCTs, provided the
observational studies are of suﬃcient quality [6,7]. In contrast to
RCTs, observational studies are often more representative of daily
clinical practice. In addition, they are less costly and generate
evidence much faster than traditional RCTs. However, due to the
absence of randomisation, incomparability of treatment groups
may occur leading to confounding bias. Natural experiments, a
particular type of observational study, might provide a solution.
In this paper, we describe different aspects of natural experiment
studies, with a focus on natural experiments in orthopaedic trauma
research. We discuss issues that need to be considered when conducting, reporting, or reading about natural experiment studies.
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Table 1
PICO for orthopaedic trauma research.

Natural experiments
In natural experiment studies, the potential for confounding
might be substantially less than in other observational studies
[8,9]. Natural experiments are observational studies in which
patients are exposed to either the experimental or the control
condition, whereby treatment allocation is determined by factors
outside the control of the investigators. The process governing
treatment allocation arguably resembles the random assignment
in an experimental setting, hence the name natural experiment.
An example of a natural experiment could be a comparison
of treatment strategies, where differences in strategies exist between hospitals or regions as a result of local education and
conviction, cultural, and socio-economic differences. Generally,
trauma patients will receive acute care from the nearest hospital
able to facilitate adequate treatment, which is determined by the
geographical location of the incident: “what you get, depends on
where you live and who you see.”(10, 11) The exact location of
their accident – and thus the hospital they are referred to – is,
to a large extent, considered independent of the characteristics
of those patients [10–12]. Hence, different trauma care facilities
are expected to treat similar groups of patients. This is an ideal
starting point to compare treatment strategies across hospitals or
regions in a natural experiment setting [12]. For the remainder, we
will refer to these hospitals or regions with opposing treatment
regimens simply as “schools”.

PICO
Population

Minimal set of items to report/asses (if applicable):
- Anatomical location fracture
- Type of fracture (open/closed,
simple/multifragmentary or combination/all)
- Age group

Intervention

In case of surgical treatment:
- Osteosynthesis material
- Surgical approach
- Postoperative treatment (type&duration)
In case of conservative treatment:
- Type of conservative treatment (including duration)

Comparator

In case of surgical treatment:
- Osteosynthesis material
- Surgical approach
- Postoperative treatment (type&duration)
In case of conservative treatment:
- Type of conservative treatment (including duration)

Outcome

- What is the outcome?
- When is the outcome assessed?
- How is the outcome assessed?

structure to articulate a research question, is the so-called PICO
(Table 1).
In orthopaedic trauma research the intervention and comparator are often deﬁned only by the nature of the treatment itself
(non-operative or operative) and, in case of operative treatment,
the surgical technique. It is important to also incorporate aftercare
into these elements of the research questions for several reasons.
Aftercare strategies may differ between hospitals or regions. Additionally, they are part of the treatment strategies patients receive
and may impact clinical and functional outcomes. In the context of
a natural experiment, they are part of the ‘school’ that patients are
exposed to and thus should be clearly deﬁned.
Clearly deﬁning clinical outcomes is also important. In orthopaedic trauma, many clinical outcomes can be measured objectively and are frequently based on events requiring (operative or
medical) interventions, radiological, biochemical or microbiological
outcome data. A clear outcome deﬁnition should include a time
component (when is it measured) and manner in which it is measured, which is frequently neglected in current literature [15].

Examples of natural experiments in orthopaedic trauma
An illustrative example of a natural experiment is the study by
Hauschild et al. [13] They compared non-operative with operative
treatment for proximal humerus fractures by comparing patients
across four hospitals in Switzerland. One of the participating
centres consistently offered non-operative treatment to all their
patients while the other three performed surgery on all their
patients with proximal humerus fractures. Patients were very
similar across the treatment groups, providing the possibility to
make valid comparisons.
Another example of a natural experiment is a study by Stadhouder et al. [12], who used information available in medical
records to compare patients hospitalised for traumatic spinal fractures in two university trauma centres in the Netherlands. One of
these centres had a long-established treatment strategy of nonoperative care and performed surgery on rare occasions. In the
other centre, patients more often received operative care in case
of traumatic spinal fractures. Since the patient groups that were
admitted to either of the two hospitals were very similar, this allowed for a comparison between treatment strategies.
A third example is a natural experiment in the form of a prepost design (or before-after design). Schoenfeld et al. compared
14 040 patients with femoral neck fractures prior to implementation of a new healthcare reform in Massachusetts with 9445 patients after implementation with regard to cost-effectiveness and
complications [14]. Again, baseline characteristics between the two
groups of patients were remarkably similar.

Design
For natural experiments in orthopaedic trauma there are certain design elements that should be considered to maximise its
potential. The backbone of this design is formed by a treatment
allocation process that is (to a large extent) independent of patient characteristics [10,11]. The archetype of a natural experiment
in orthopaedic trauma is a comparison between hospitals where
different treatment protocols are implemented, while referrals to
the different hospitals are independent of patient characteristics
(i.e., similar patient “case-mix” across hospitals). Preferably these
"schools" consistently provide one of the treatment options to all
(or the majority) of their patients with the clinical condition of interest. When performing a natural experiment, it is important that
researchers convincingly argue that treatment allocation is indeed
independent of individual patient characteristics, rather than trying
to ﬁnd convincing arguments in the comparison of baseline characteristics between treatment groups.
Important to note is that the setting of the ‘’schools’’ should be
similar in order to prevent relevant case-mix differences (i.e., dif-

Methodological challenges of a natural experiment
Deﬁning the research question
When designing a natural experiment, the ﬁrst step, as in all
research, is to deﬁne a clear research question. It should be articulated which treatment regimens are compared (intervention as
well as comparator), in what patient population with which clinical condition (study population) and clearly deﬁne the outcome
of interest (primary and secondary outcomes). A frequently used
2
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ference in characteristics of their treated patients) possibly leading to confounding. For natural experiments in orthopaedic trauma
care this means that the ‘’schools’’ should provide the same level
of trauma care (level I, II or III) and be located in regions with
the same socio-economic development. Essentially, both ‘’schools’’
should be comparable to such a degree that it is plausible to assume that school A could have provided the treatment from school
B, and vice versa, if their conviction on optimal treatment had
been different. Once these ‘’schools’’ have been identiﬁed, they can
be used to compare the treatments of interest.
All eligible patients should be registered, including patients
that are excluded in order to gain insight on possible selection
mechanisms by comparing patient characteristics between included and excluded patients. Patients should be treated according
to the local preference and conviction of the "schools" with regard
to the optimal treatment for their clinical condition.
A natural experiment study can be performed retrospectively
as well as prospectively. The advantages of a prospective design
are that follow-up and measurement of baseline characteristics
and outcomes can be pre-speciﬁed and standardised across the
"schools", thus reducing the potential for information bias. Fig. 1
illustrates the necessary steps. Patients with the clinical condition of interest are identiﬁed through a hospital records search
(retrospective design) or during their visit at the emergency
department/outpatient clinic (prospective design) in participating
hospitals representing different "schools" of intervention (school A
and B). Data on baseline characteristics and the clinical condition
of each patient should be collected.

preference unanimously in one direction, will be excluded. By
restricting the study population to those for whom there is clinical
equipoise, the potential impact of confounding is reduced. Clinical
equipoise as inclusion criterion can be used both in prospective
and retrospective natural experiment studies.
Regarding the use of an expert panel and clinical equipoise for
inclusion of patients, there are different options to implement this
in a study. For example, patients could be included if at least 20%
of panel members disagree with the other 80% of panel members.
(1:4 distribution amongst experts). This means that patients are eligible for inclusion if (in a panel consisting of, for example, ﬁve experts) 4 (or fewer) experts prefer treatment A, while 1 (or more)
prefer treatment B for a given patient. Such a threshold could be
based on a study that assessed at which proportion of agreement
on the merit of a new treatment amongst ethical committee members, the members perceived the conduct of a trial investigating
the new treatment as ethically responsible (the level of collective
equipoise) [17].
Importantly, the use of clinical equipoise as inclusion criterion
is expected to reduce the number of patients included in the study.
In the aforementioned study by Stadhouder et al., 190 of the 636
patients (30%) could be included based on this criterion [12]. The
addition of clinical equipoise as inclusion criteria should therefore
not be seen as a necessity but rather an extension of the natural
experiment design to further improve comparability of treatment
groups.
Irrespective of whether this restriction method is used or not,
it is important to assess the distributions of baseline characteristics across the treatment groups. This provides insight into the apparent comparability of "schools" and whether clinical equipoise
as inclusion criterion has proved successful in creating comparable treatment groups. Nevertheless, known confounders could still
be accounted for, for example through a multivariable regression
analysis or propensity score analysis [18].

Comparability of treatment groups
Even though natural experiments aim to compare different
“schools” across, for example, different hospitals, patient groups
may differ between schools in more respects than only the treatment strategies under study. To the extent that such differences
in potential confounding variables are measured, this can be
controlled for in the analysis, such as in any observational study
of treatment effects. It is therefore of the utmost importance to
collect data on key prognostic patient characteristics, as these
will be needed in the statistical analysis of the study to correct
for possible confounding (Fig. 1). This advice holds irrespective of
whether data are collected retrospectively or prospectively, be it
that in prospective studies it may be possible to ensure that information about confounding variables is collected in a standardized
manner and possibly the proportion of data being missing is
smaller than in retrospective studies using routinely collected data
for example based on electronic patient records [16].
Conventional methods to correct for (measured) confounding
include stratiﬁcation, regression adjustment, and matching. Another approach to reduce the amount of confounding is to restrict
the study population by using clinical equipoise as an inclusion
criterion [12]. In practise, this could be achieved by presenting all
relevant data of eligible patients to an independent expert panel
blinded for actual treatment received. The expert panel should
consist of representatives from both “schools” of intervention. The
panel is asked to decide independently on the preferred treatment
for the eligible patient as if patients were presented to them in
clinical practice. Patients are included if there is disagreement
on treatment choice between the "schools"; they are excluded in
case of agreement (Fig. 1). This ensures that the included study
population consists of patients that would have received treatment
A in "school A” but were in fact seen and treated according to
the conviction of "school B", and vice versa (exchangeability).
This way, the patients for whom the panel agrees regarding
preferred treatment strategy, which are generally patients with
very distinct disease or patient characteristics driving treatment

Reporting of natural experiments
The STROBE statement is a checklist of items that should
be reported on in papers about observational studies [19]. The
RECORD statement is a reporting guideline for studies using routinely collected data [19]. Many of the items mentioned in these
reporting guidelines are also applicable to natural experiments.
Some items, however, require speciﬁc attention when reporting
on natural experiments for orthopaedic trauma. In case of a comparison between ‘’schools’’, it is essential to give insight whether
participating schools offer only one treatment (‘’pure school’’), or
both treatment modalities under investigation, but with a distinct
preference of one treatment over the other (‘’majority school’’).
In the latter situation, proportions of applied treatments within
schools should be reported on. What is more, arguments should
be provided to support the assumption of comparability of patient
groups across different schools. In addition, details about the compared strategies should be reported, including peri–operative care
and after-treatment, except perhaps in case these are according
to (international) standards, in which case a reference to those
standards would be suﬃcient.
Discussion
Natural experiments in the ﬁeld of orthopaedic trauma are
still uncommon [20–23]. Nevertheless, this study design has great
potential in this ﬁeld compared to traditional observational study
designs. Under the conditions outlined above (speciﬁcally regarding comparability of treatment groups), evidence obtained through
natural experiments may be complementary to the evidence
obtained through randomised trials. In particular, in orthopaedic
3
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Fig. 1. Flowchart of patient inclusion for the natural experiment including the restriction method using clinical equipoise as criterion).
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Table 2
Pros and cons of natural experiments in orthopaedic trauma research.
Pros

Cons

Inexpensive
High patient accrual rate
Generalisability of results
Good internal validity due to quasi-randomisation
Conduct research that is otherwise unethical.

Dependant on natural variation for feasibility of study
No true randomization (does not rule out unmeasured confounding)

Table 3
Differences between randomised clinical trials, traditional observational studies and natural experiments in orthopaedic trauma research.

Exposure (intervention)

Population
Confounding control

Costs
Time frame
Outcome
Blinding patient
Blinding outcome assessor

Randomised clinical trials

Traditional observational studies

Natural experiments

Intervention that may differ from
clinical practice. Usually two
interventions included in trial.
Often restricted to younger and
relatively healthy patients.
Control for both measured and
unmeasured confounding through
randomisation.

Standard clinical practice.

Standard clinical practice.

Can include entire population.

Can include entire population.

Control for measured confounding
through statistical correction. No
control for unmeasured confounding.

Expensive
Time consuming due to partial
inclusion of patients.
Standardised measurement of
endpoints.
Possible
Possible

Often inexpensive
Often fast as most patients are
included.
Measurement of endpoints restricted
by routine clinical practice.
Not possible
Unusual

Control for measured confounding
through statistical correction. Control
(to unknown extent) for unmeasured
confounding through school
comparison.
Often inexpensive
Often fast as most patients are
included.
Standardised measurement of
endpoints.
Not possible
Possible

trauma, patients are exposed to high variability of surgical decision
making caused by strong convictions by surgeons as “surgeons
agree mostly with themselves, and not so much with each other”
[24]. In natural experiments, this variability is turned into an
advantage, by using it as the basis of a comparison between
treatment strategies [3]. All pros and cons of natural experiments
are described in Table 2.
According the Oxford level of evidence natural experiments
are categorized as observational cohort studies, thus traditionally
considered level 2b [25]. It should, however, be acknowledged
that natural experiments differ from traditional observational
studies by the fact that confounding is addressed in both the
study design (school comparison) and analysis stage (correction
for confounders) in contrast to traditional observational studies that generally only perform the latter. By incorporating a
measure to limit confounding in the design, they share more
similarities with randomised clinical trials than traditional observational studies; hence also the similarity in nomenclature
between “natural experiment” and the alternative name for
randomised clinical trial, “randomised experiment”. The most
pronounced differences between randomised clinical trials, natural
experiments and traditional observational studies are described
in Table 3.
We would like to stress the importance of a proper sample size
calculation as integral part in conducting a natural experiment
[26]. One can only draw a precise and accurate conclusion with a
suﬃciently large sample size. A smaller sample will give a result
which may not be suﬃciently powered to detect a difference
between the groups and the study may turn out to be falsely
negative leading to a type II error. Natural experiments follow the
same standard approach to sample size calculation as any other
empirical study [8]. Also in natural experiments, the sample size
calculation is based on the primary endpoint of interest.
Both the annual incidence of the clinical condition of interest
and estimated proportion that are expected to be included by
using clinical equipoise as inclusion criterion, play a vital role
in evaluating feasibility of the planned natural experiment. In

order to estimate the proportion that may be included when
using clinical equipoise as inclusion criterion, one can measure the
amount of disagreement in the expert panel prior to conducting
the study. Basically, this can be done by subjecting clinical data
of, for example, 12 random historical patients with the clinical
condition of interest to the expert panel from the opposing
"schools". The amount of disagreement reﬂects the proportion
of all patients with the clinical condition of interest that can be
included in the study. As described previously, the addition of
clinical equipoise as inclusion criteria should not be seen as a
necessity but rather an extension of the natural experiment design
if conditions allow the inclusion of this design-element into the
study.
In recent years several prospective natural experiments have
been initiated by the Natural Experiments (NEXT) Study Group.
The NEXT Study Group is an international non-proﬁt collaboration
of clinical researchers in the ﬁeld of emergency and (orthopaedic)
trauma surgery. The ambition of the NEXT Study Group is to
contribute to the improvement of patient care by collecting relevant evidence through international natural experiments. Ongoing
studies include the OPVENT study comparing non-operative care
to surgical treatment for multiple rib fractures and the LADON
proximal humerus study also comparing non-operative and operative treatment strategies. In the LADON study clinical equipoise is
used as an additional inclusion criterion [27,28].
Orthopaedic trauma is a fast-developing ﬁeld requiring study
designs that deliver high quality evidence and, most of all,
can keep up with ongoing developments within the ﬁeld. This
manuscript discusses the possibilities of natural experiments as a
means to provide valuable evidence and how to assess the credibility of such studies within the orthopaedic trauma ﬁeld. Above all,
it is meant to spark a discussion about its role within our research
ﬁeld.
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