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EDITORIAL

While modern medicine evolves continuously, evidence‑based 
research methodology remains: how register studies should be 
interpreted and appreciated
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findings, it is more important than ever critically to evaluate 
the evidence that is presented and be aware of the limita-
tions and pitfalls that we encounter every day as modern 
scientists and clinicians.

Look! A significant result!

One of the goals for researchers is to get their work pub-
lished and acknowledged, preferably with multiple cita-
tions. A winning tactic to accomplish this is to present 
novel results and findings. Interestingly, it often happens 
that the most cited papers are those that contradict other 
reports or are proved to be fundamentally wrong [14]. So, 
it does not really matter how likely a result is to be true or 
clinically valuable—a spectacular result can entrench the 
findings of a study and influence clinical practice. It goes 
without saying that the most important factor of all in this 
quest is that a significant P value is presented. Today, it is 
generally accepted that significance, often defined as a P 
value of <0.05, means impact and evidence. However, this 
is an incorrect appreciation of the P value and could lead to 
an inappropriate approach to this statistical method. It has 
been shown that P values and hypothesis-testing methods 
are commonly misunderstood by researchers [6, 11, 17] 

In just a few decades, the scientific stage has undergone 
some dramatic changes. Novel studies are produced at a 
“faster than ever” pace, and technological advances enable 
insights into areas that would previously have been referred 
to as science fiction. However, the purpose of research will 
always be the same—to serve as a firm foundation to prac-
tise evidence-based medicine and ultimately improve the 
treatment of our patients. Is the explosive evolvement of 
research publications and technological advances always 
beneficial when it comes to fulfilling this purpose? As 
we are served with a steady stream of new “significant” 
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and instead tend to lead to a limited perspective in relation 
to a study result.

Sir Ronald Fisher is regarded as one of the founders of 
modern statistics and is probably most associated with the 
concept of the P value [10, 23]. Fisher suggested that the P 
value reflected the probability that the result being observed 
was compatible with the null hypothesis. In other words, 
if it were true that there was no (null) difference between 
the factors being investigated, the P value would give an 
estimation of the likelihood of observing a difference as 
extreme as or more extreme than your outcome showed. 
However, Fisher never propagated the P  <  0.05 criterion 
that is currently almost glorified as our ultimate means of 
conclusion making. On the contrary, Fisher appeared not 
to give much consideration to the actual P value number 
[19]. The most important thing, according to Fisher, was to 
repeat the experiments until the investigator felt that he or 
she had a plausible certainty of declaring how the experi-
ment should be performed and interpreted, something that 
is infrequently implemented nowadays. The P value was 
originally an indicative tool throughout this process, not 
something synonymous with evidence.

In a study recently published in JAMA cardiology [19], 
common misconceptions about P values were discussed. It 
was emphasised that, at best, the P value plays a minor role 
in defining the scientific or clinical importance of a study 
and that multiple elements, including effect size, precision 
of estimate of effect size and knowledge of prior relevant 
research, need to be integrated in the assessment [19]. This 
is strongly inconsistent with the concept of a P value of 
<0.05 as an indicator of a clinically or scientifically impor-
tant difference. Moreover, the authors highlight the miscon-
ception that a small P value indicates reliable and replicable 
results by stating that what works in medicine is a process 
and not the product of a single experiment. No information 
about a given study regarding reproducibility can be made 
based on the P value, nor can the reliability be determined 
without considering other factors [19]. One frequently for-
gotten factor is how plausible the hypothesis was in the 
first place. It is easy to fall into the trap of thinking that a 
P value of <0.05 means that there is a 95% chance of true 
effect. However, as probability is always based on certain 
conditions, the most important question should be: what 
was the probability from the beginning? If the chance of a 
real effect from the beginning is small, a significant P value 
will only slightly increase the chances of a true effect. Or, 
as Regina Nuzzo put it in an article highlighting statistical 
errors in Nature [21]: “The more implausible the hypothe-
sis—telepathy, aliens, homeopathy—the greater the chance 
that an exciting finding is a false alarm, no matter what the 
P value is” [21].

Moreover, the P value says nothing about the effect size. 
The P value is basically a calculation of two factors—the 

difference from null and the variance. In a study with a 
small standard deviation (high precision), even a very 
small difference from zero (treatment effect) can therefore 
result in a significant P value. How frequently do we ask 
ourselves: “From what numbers was this P value gener-
ated?” when reading a paper. It is not until we look at the 
effect size that it is really possible to determine whether 
the treatment of interest has an impact. Well then, what 
is the definition of impact? A term often used to describe 
the effectiveness of a treatment is the “minimum clini-
cally important difference” (MCID). For a study to impact 
clinical decision-making, the measurement given must be 
greater than the MCID and, moreover, the absolute differ-
ence needs to be known. These factors determine the num-
ber needed to treat and thereby indicate the impact. How-
ever, current methods for determining MCID are subject of 
debate and it has been concluded that they are associated 
with shortcomings [9].

We should also remember that non-significant P values 
are sometimes used to conclude the interventions of interest 
as “equivalence” or “non-inferiority”, which is extremely 
incorrect if the primary study design was not intended to 
investigate equivalence between two treatments [18]. With-
out primarily designing the study for this purpose, it is 
impossible to ascertain power for detecting the ideal clini-
cally relevant difference that is needed for a declaration of 
equivalence. It can, in fact, have detrimental downstream 
effects on patient care if a true suboptimal treatment is 
declared as being non-inferior to a gold-standard treatment 
[12]. Instead, let us accept the fact that not all studies will 
show significant results, nor should they. There has been a 
bias against “negative trials”, not showing significance, in 
the past and because of this we can only speculate about 
whether or not they could have impacted any of today’s 
knowledge. If the acceptance of non-significant results 
increases, this could contribute to the elimination of pub-
lication bias.

The impact of study design

Regardless of study design, the optimal research study 
should give an estimate of the effectiveness of one treat-
ment over another, with a minimised risk of systematic 
bias. The ability and validity of doing this for observa-
tional studies compared with randomised controlled tri-
als (RCTs) has been the subject of an ongoing debate 
for decades. To determine the efficacy of a treatment or 
intervention (i.e. the extent to which a beneficial result 
is produced under ideal conditions), the RCTs remain 
the gold standard and are regarded as the most suitable 
tool for making the most precise estimates of treatment 
effect [22]. The only more highly valued study design is 
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the meta-analysis of large, well-conducted RCTs. Stud-
ies with an observational design are often conducted 
when determining the effectiveness of an intervention in 
“real-world” scenarios (i.e. the extent to which an inter-
vention produces an outcome under normal day-to-day 
circumstances). A Cochrane Review published in 2014 
[3] examined fourteen methodological reviews compar-
ing quantitative effect size estimates measuring the effi-
cacy or effectiveness of interventions tested in RCTs with 
those tested in observational studies. Eleven (79%) of 
the examined reviews showed no significant difference 
between observational studies and RCTs. Two reviews 
concluded that observational studies had smaller effects 
of interest, while one suggested the exact opposite. 
Moreover, the review underscored the importance of con-
sidering the heterogeneity of meta-analyses of RCTs or 
observational studies, in addition to focusing on the study 
design, as these factors influence the estimates reflective 
of true effectiveness [3].

We must never take away the power and the validity 
of a well-conducted RCT. However, we need to under-
line the fact that evidence-based medicine is at risk if we 
focus myopically on the RCT study design and give it the 
false credibility of being able to answer all our questions. 
We must also acknowledge the weaknesses of RCTs and 
combine information obtained from this study design, 
while recognising the value of additional information 
from prospective longitudinal cohort studies. The Fragil-
ity Index (FI) is a method for determining the robustness 
of statistically significant findings in RCTs, and it was 
recently applied to 48 clinical trials related to sports med-
icine and arthroscopic surgery [16]. The FI represents the 
minimum number of patients in one arm of an RCT that 
is required to change the outcome, from a non-event to an 
event, in order to change a result from statistically sig-
nificant to non-significant. So, the lower the number is, 
the more fragile the significant result. The systematic sur-
vey somewhat worryingly showed that the median FI of 
included studies was 2 [16]. Could it be that we are cur-
rently concluding evidence based on the outcome of two 
single patients in some orthopaedic sports medicine stud-
ies? The FI should be an indicative tool in future clinical 
studies which, in combination with other statistical sum-
maries from a study, could identify results that should be 
interpreted cautiously or require further investigation [5].

Ultimately, the foundation of science is the ability to 
generalise the results of a study. The factors that affect 
the risk of an event or an outcome in a real-life situation 
are a result of the natural individual variation surround-
ing us. It is therefore somewhat paradoxical in RCTs to 
distribute risk factors evenly and eliminate all the fac-
tors that may interact with the intervention. We should 
remember that, when drawing conclusions from a RCT, 

this is based on many occasions on data obtained from 
highly specialised centres in one part of the world. The 
population is enrolled based on strict inclusion and exclu-
sion criteria, which should always trigger the questions 
of “how many individuals failed to meet them?” and 
“could their participation have made any difference to the 
result?” Moreover, RCTs have also been criticised for not 
representing usual care, which may in fact be the case at 
a highly specialised centre for sports medicine [1].

High‑quality observational studies—an asset 
in evidence‑based medicine

In addition to the generalisability of the results, large 
observational studies originating from large registers 
offer advantages in terms of identifying incidences, 
understanding practices and determining the long-term 
effects of different types of exposure/intervention. In par-
ticular, adverse events can be identified and rare outcomes 
can be found [13]. Well-conducted, large cohort stud-
ies are regarded as the highest level of evidence among 
observational studies, as the temporality of events can be 
established. To put it another way, the cause of an event 
always precedes the effect [13]. The SPORT trial spine, 
MOON ACLR and MARS revision ACLR are examples 
of prospective longitudinal cohorts based on STROBE 
criteria [24] and multivariate modelling, where almost 
100% of patients are enrolled. Further, they address the 
modelling of who will respond to an intervention. While 
an RCT determines an average of who the intervention 
will benefit, registers like these determine the individual 
patient to whom the treatment should be applied, as they 
model the multitude of risk factors a patient presents to 
clinicians.

On the other hand, observational studies are limited 
by indication bias and are subject to the potential effect 
of unmeasured confounders. The random variation, the 
confounding factors, must of course be reconciled with 
existing knowledge in observational studies. The more 
individual variation, the more the precision of what we 
are measuring is affected. There is variation in biologi-
cal responses, in previous therapies, in activity levels 
and types of activity and variation in lifestyles, to men-
tion just a few. However, we would like to underline the 
importance of seeing these factors as an opportunity in 
observational studies. An opportunity to acquire a greater 
knowledge of the relationship between factors of vari-
ance and the outcome, as well as possible underlying 
mechanisms. Using statistical approaches that adjust for 
confounders makes a good analysis possible [7, 20].

In order to improve the precision of results from the 
many registers being established around the world, we 
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must more clearly define and investigate the true con-
founders. With regard to anterior cruciate ligament (ACL) 
reconstruction, data from several large registers have ena-
bled the valuable identification of predictors of outcome. 
However, there is as yet no existing predictive model for 
multivariate analysis where confounders are taken into 
account, which could potentially jeopardise the validity 
[2]. ACL reconstruction is one of the most researched 
areas in orthopaedic medicine, and this is therefore 
noteworthy because the lack of consensus in determin-
ing the factors that need to be included in a model may 
alter the results of studies investigating the same condi-
tion. Another key point for high-level register studies is 
that the representativeness of the cohort is ensured. When 
registers are being established, comprehensive data entry 
is needed and it is important that the investigators take 
responsibility for monitoring the enrolment and attrition 
of the cohort.

As researchers and clinicians, we sometimes need to take 
a step back and evaluate how we can continue to implement 
evidence-based medicine. We must understand that many 
factors contribute to what we choose to call evidence and 
that there is no single way to find it. Moreover, scientists 
before us recognised that only by repeated experiments is 
it possible to establish the reproducibility of the investiga-
tion and thereby get closer to the truth about the efficacy of 
our treatments. Instead of naively believing that significant 
results (P  <  0.05) from any study are synonymous with 
evidence, we can take advantage of the strengths of differ-
ent study designs. We should remember that many studies 
have found that the results of observational and RCT stud-
ies correlate well [4, 8, 15]. We encourage the performance 
of the best research whenever possible. Sometimes this is 
a well-conducted RCT or highly controlled prospective 
longitudinal cohorts, and at other times it is the establish-
ment of large patient registers. With regard to the obser-
vational study design, future comprehensive prospective 
cohort studies can provide us with important knowledge 
and be significant contributors to evidence-based medicine. 
Nevertheless, the P value is a tool that can be helpful, but 
it must be applied thoughtfully and while appreciating its 
limitations and assumptions. Evidence-based medicine as 
defined by the original practitioners involves making a clin-
ical decision by combining clinical experience and the best 
available evidence from RCTs and registers and by incor-
porating the patient’s values and preferences.
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