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A B S T R A C T

Introduction: A recent proposal suggests changing the threshold for statistical significance from a P value
of .05 to .005 to minimize bias and increase reproducibility of future studies. P values less than .05 but
greater than .005 would be reclassified as “suggestive”, whereas P values less than .005 would be
considered significant. The present study explores how lowering the P value threshold would affect the
interpretation of previously published orthopaedic trauma randomized controlled trials (RCTs) and
whether outcomes from these trials would maintain statistical significance under the proposed P value
threshold.
Methods: All RCTs published between January 01, 2016 and January 31, 2018 in the Journal of Orthopaedic
Trauma, Injury, and Archives of Orthopaedic and Trauma Surgery were screened by at least 2 authors. Data
from included trials were extracted in blinded and duplicate fashion. All P values for primary endpoints
were included from each study.
Results: We identified 124 primary endpoints from 48 trials: 39.5% (49/124) of endpoints had a P value
less than .05 and 60.5% (75/124) had a P value greater than .05. Overall, 51.0% (25/49) of statistically
significant primary endpoints were less than .005, while 49.0% (24/49) would be reclassified as
suggestive.
Conclusion: Based on our results, adopting a lower threshold of significance would heavily alter the
significance of orthopaedic trauma RCTs and should be further evaluated and cautiously considered when
viewing the effect such a proposal on orthopaedic practice.

© 2019 Elsevier Ltd. All rights reserved.

Introduction

A common misconception in clinical research is that statistical
significance equates to clinical significance [1–3]. R.A Fisher’s
original idea on the use and interpretation of significance testing
remains a long-standing debate because of the increasing reliance
on significant P (probability) values [4–8]. Relying solely on
P values for interpreting significant data can be misleading [9–12];
however, their use in research is not necessarily a problem [13].
The primary purpose of using a P value is to minimize type I errors
— erroneous conclusions made about differences between groups
when no such difference truly exists. The type I error rate is often

specified a priori at 0.05, meaning that there is a 1 in 20 chance — or
a 5% risk — that the difference detected is because of chance rather
than attributed to the effects of the intervention. If the P value lies
above this threshold (P > .05), the result is not statistically
significant [14,15]. Using a P value to minimize type I errors can
be very beneficial, but misinterpretation of study results can have
severe consequences [16–18].

To reduce misinterpretation of study results, a large and
influential group of statisticians and research methodologists have
advocated for the research community to adopt a new significance
level by lowering the threshold from .05 to .005. P values ranging
from .05 to 0.005 would be reclassified as “suggestive” and
interpreted with discretion [19–21]. This proposal is meant to
serve as a temporizing measure while long-term strategies are
developed, tested, and implemented. Studies claiming statistically
significant findings with any inaccuracy or misinterpretation of
data could lead to adverse effects on clinical practice and
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ultimately future studies [16–18]. Therefore, careful consideration
should be given to the protective effects of adopting a new
threshold of significance.

Because the clinical research community has heavily adopted
the use of the P value, lowering the threshold may prove beneficial
[22]. By lowering the threshold of P values from .05 to .005, the
proportion of true effects that emerge will be higher, thus doing
more good than harm [20]. In particular, RCTs routinely report P
value for treatment outcomes. RCTs are among the most influential
study designs in orthopaedic research, and it is well-known that
RCTs heavily influence clinical decision-making [16,23].

Owing to the influential nature of RCTs in orthopaedic surgery,
the effects of shifting the P value threshold is of particular interest.
Our study explores the effect of lowering the P value threshold in
previously published orthopaedic traumatology RCTs. Here, we
evaluate the proportion of primary endpoints reported in
orthopaedic traumatology RCTs that would maintain statistical
significance under the new proposed P value threshold (.005), the
proportion that would be reclassified as suggestive, and the
proportion that would be nonsignificant.

Methods

AllstudiespublishedfromJanuary01,2016toJanuary31,2018inthe
Journal of Orthopaedic Trauma, Injury, and Archives of Orthopaedic and

Trauma Surgery were analyzed and screened by at least 2 authors
(Fig. 1). The following Pubmed search strategy was deployed to
locate RCTs: ((("randomized controlled trial"[Publication Type]) OR
"clinical trial"[Publication Type])) AND (((("Injury"[Journal])
OR ("Archives of orthopaedic and trauma surgery"[Journal])) OR
"Journal of orthopaedic trauma"[Journal])”.

Inclusion criteria: The journals selected for inclusion were
chosen on the basis of being the only 3 orthopaedic traumatology
journals ranked in the top 20 of Google Scholar’s “orthopaedic
medicine and surgery” category. One of us (BN), a board certified
orthopaedic traumatologist, selected these journals because they
publish research relevant to orthopaedic traumatology. To ensure
an adequate sample size, studies were chosen from January 01,
2016 to January 31, 2018. After this selection process, all studies
with a stated primary endpoint and P value were included.

Exclusion Criteria: Any trial that did not state a primary
endpoint or report P values to compare groups were excluded.

Following screening, we extracted P value data for each study’s
primary endpoints since RCTs are more often powered for these
endpoints [24]. All P values for primary endpoints were included
from each trial. Study characteristics were also extracted for each
study. Extracted data was performed blinded and in duplicate
fashion using a pilot-tested Google form. Following data extrac-
tion, all discrepancies were resolved by consensus between the
investigators. We used Google Forms for collection of data and

Fig. 1. Flow diagram of study inclusion.
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analysis of data using STATA 13.1. This methodology was previously
conducted and reported in the senior author’s (MV) work looking
at the effects of this threshold change in high impact factor general
medical journals [22].

Results

Of 75 articles retrieved, 48 were included. The 27 excluded were
mostly those that did not state a primary outcome (n = 24) or those
that did not report P values (n = 3).

Characteristics of the included trials

Surgery was the primary intervention type for 60.4% (29/48) of
the included trials. A large number of trials (25/48) did not
mention funding source. The majority (44/49) were randomized
trials. Few (27.1%) were multi-centered (13/48) and none were
multinational. Most trials were conducted in Europe (20/48) and
North America (16/48). A total of 66.7% (32/48) of trials included a
power analysis (Table 1).

Primary results

We identified 124 primary endpoints from 48 trials: 39.5%
(49/124) of endpoints had a P value less than .05, and 60.5% (75/
124) had a P value greater than .05. Of the 124 primary endpoints,
only 20.2% (25/124) of the endpoints were less than .005, and
would maintain statistical significance under the proposed
threshold. Only 3 of the 48 included trials had all primary
endpoints that met the new threshold of .005. Of the 3 studies
where all primary endpoints met the new threshold, no
power analyses were mentioned. Of statistically significant
primary endpoints (.05), overall, 51.0% (25/49) reported a P value
of less than .005, while 49.0% (24/49) would be reclassified
as suggestive.

Of the 124 total P values included, 31.0% (13/42) in Archives of
Orthopaedic and Trauma Surgery, 24.0% (6/25) in Injury, and 10.5%
(6/57) in Journal of Orthopaedic Trauma were less than .005.

Discussion

The primary objective of our study was to assess the effect that
lowering the statistical threshold of significance would have on
previous published RCT within orthopaedic trauma journals. Our
results show that 86.5% of primary outcome P values in
orthopaedic trauma RCTs would not maintain statistical signifi-
cance at the P <.005 threshold. When analyzing the statistically
significant primary endpoints (.05), 41.5% would remain statisti-
cally significant with a P value threshold of less than .005. Although
these results should be interpreted cautiously, should a new
threshold be adopted, orthopaedic traumatology research not
within the new threshold may be interpreted as suggestive rather
than absolute in regard to significance.

In a recent study published in the Journal of the American
Medical Association, Wayant et al. reported that 70.7% (123/174) of
statistically significant primary endpoints were less than .005 in 3
major general medical journals with high impact factors (New
England Journal of Medicine, Journal of the American Medical
Association, and The Lancet). In comparison, we found that 41.5%
of statistically significant orthopaedic traumatology RCTs were
below a P value of .005. Wayant et al. further concluded that 29.3%
(51/174) of trial endpoints would be reclassified as suggestive [22].
Our study shows comparatively lower findings. Fewer orthopaedic
traumatology RCT endpoints would maintain statistical signifi-
cance under the proposed threshold when compared to RCTs in
general medical journals. The reason for these differences are
unknown but may relate to issues of sample size or methodological
rigor.

A .005 threshold for significance may address a few short-
comings of P values, such as underpowered RCTs, spurious false
positive results, and a phenomenon known as P hacking [25,26].
P hacking occurs when researchers analyze data multiple ways
until a significant effect is found. With a lower P value threshold of
significance, the ability to P hack data may be significantly
decreased [27]. Another fault in measuring significance with a
P value is publication bias. It has been found that 74% of published
articles in surgical literature reported positive results; however,
this number is inflated because of publication bias that will
overestimate the clinical relevance of treatment [28]. The
methodological quality in surgical RCTs also tends to lag behind
the general literature [16,23]. For example, Karanicolas et al. found
that only 33% of studies published in surgical journals were of high
quality, contrasted with 75% published in general medicine
journals [29]. Efforts have been taken toward improving the
design and reporting of surgical RCTs, and lowering the threshold
of significance may place a greater emphasis on attaining high
quality, evidence-based data when conducting RCTs [30–33].

Our study design was subject to both strengths and limitations.
The strengths of this study include the use of double screening and
double data extraction, which is the golden standard methodology
recommended by the Cochrane Collaboration when perform
systematic reviews [34]. While this study is not a systematic
review of clinical interventions, the methodological process
described herein is amenable to the screening and data extraction
procedures employed in systematic reviews. Limitations of this
study include selecting 3 orthopaedic trauma journals over a
2-year period; thus, the results may not be generalizable to RCTs in
other orthopaedic journals and should be viewed descriptively
rather than inferentially. The study upon which our methodology is
based also included 3 journals [22]. Also, while we conducted our
search in PubMed, which catalogues all of the Medline database

Table 1
Characteristics of included clinical trials (n = 48) or endpoints (n = 124).

Characteristic No. (%)

Journal (n = 48)
Archives of Orthopaedic and Trauma Surgery 15 (31.3%)
Injury 12 (25.0%
Journal of Orthopaedic Trauma 21 (43.8%)

Intervention (n = 48)
Drug 5 (10.4%)
Procedure 5 (10.4%)
Anesthesia/Analgesia (Nerve Blocks/Pain Management) 5 (10.4%)
Surgery 29 (60.4%)
Other 4 (8.3%)

aFunding Source (n = 48)
Industry 3 (6.3%)
Public 3 (6.3%)
Private 11 (22.9%)
Hospital 3 (6.3%)
Other 1 (2.1%)
Not Mentioned 25 (52.1%)
None 5 (10.4%)

Number of trial centers (n = 48)
Multicenter 13 (27.1%)
Single center 35 (72.9%)

Location (n = 48)
Multinational 0 (0%)
Single country 48 (100%)

Type of endpoint (n = 48)
Subjective 13 (27.1%)
Objective 35 (72.9%)

Sample size (median, [IQR]) 76 [50-134]

a In some of the trials, multiple funding sources were identified.
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and indexes all journals included in the present study, it is possible
that our search did not return all RCTs published in these journals.

In conclusion, lowering the P value to .005 may address some
shortcomings of RCTs in orthopaedics. A lower P value threshold
may be a promising temporizing measure to improve RCT
methodology and general reproducibility of findings [35] until
more permanent solutions are found, which could take consider-
able time to implement. Adopting a lower threshold of significance
would heavily alter the interpretation of orthopaedic trauma RCTs.
Caution is thus warranted regarding the effects of such inter-
pretations on clinical decision making.
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