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Abstract
Objectives: Reporting bias, prevalent in biomedical fields, can undermine evidence credibility. Our objective was to evaluate the pro-
portion of discrepancies between registered protocols and published manuscripts in randomized controlled trials (RCTs) on exercise inter-
ventions for patients with chronic low back pain (CLBP).

Study Design and Setting: We conducted a cross-sectional meta-research study, starting from the 2021 ‘‘Exercise therapy for
CLBP’’ Cochrane Review. We selected all RCTs reporting a protocol registration on a primary register of the World Health Organization
(WHO) International Clinical Trials Registry Platform (ICTRP) or in ClinicalTrials.gov. We extracted data from both registered protocol
and published manuscript of RCTs, collecting recruitment and administrative information (eg, record dates) and details of trial character-
istics (eg, outcomes, arms, statistical analysis plan details [SAPs]). Independent pairs of reviewers assessed discrepancies between regis-
tered protocol and published manuscript for the reporting of primary and secondary outcomes domains, measurement instruments, time-
points, number of arms and SAPs(if attached). Outcome discrepancies were characterized as addition, omission, upgrade or downgrade.

Results: We included 116 RCTs reporting an available protocol registration. Overall, 100 RCTs (86.2%) distinguished between primary
and secondary outcomes. Of these, 39 RCTs (39.0%) reported one or more discrepancies in primary outcomes, and 78 RCTs (78.0%) re-
ported one or more discrepancies in secondary outcomes. Focusing on discrepancies for the primary outcome, 64.5% of added, upgraded or
downgraded outcomes favored statistically significant effects. Few RCTs (n 5 6) reported discrepancies in the number of arms. SAPs were
poorly reported in the registered protocols (n 5 3) for being compared to the publications.

Conclusion: We found substantial outcome discrepancies comparing registered protocols and published manuscripts in RCTs assessing
exercise interventions for patients with CLBP, with some impacting the statistical significance of the effects. Readers are encouraged to
approach RCTs results in this field with caution. � 2024 The Author(s). Published by Elsevier Inc. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Low back pain is one of the greatest contributors to
years lived with disability and is the first cause of activity
limitation, and absence from work [1], with the majority
of the costs related to chronicity [2]. Among physical inter-
vention options for chronic low back pain (CLBP), the first
recommended is exercise therapy [3], whose effectiveness
has been evaluated, and continues to be evaluated, in
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What is new?

Key Findings
� Our meta-research study reveals substantial

outcome discrepancies between registered proto-
cols and published manuscripts.

What this adds to what was known?
� Approximately one-third and three-quarters of

RCTs showed discrepancies in primary and sec-
ondary outcomes, respectively, with half of them
favoring statistically significant effects.

What is the implication, and what should change
now?
� Researchers should adhere to prospectively regis-

tered protocols, documenting any deviations with
justifications in both published manuscripts and
registered protocols.

� Registries must reinforce the prospective registra-
tion of all trial information, including outcomes
domains, measurement instruments, time points,
arms, and SAPs.

� Clinicians, researchers, peer reviewers, and journal
editors are encouraged to thoroughly consult the
trial registry of the RCTs to assess reporting bias
more deeply.
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numerous randomized controlled trials (RCTs) [4]. Howev-
er, bias in the design, conduct or reporting of RCTs can
result in inaccuracies in systematic reviews or guidelines
leading to subsequent errors in clinical practice, overesti-
mating or underestimating the effects of an intervention [5].

A prominent issue is ‘‘reporting bias’’ [6,7], which may
occur when there is a discrepancy between what was
planned in the protocol and what is actually reported in
the published manuscripts of the RCTs. Reporting bias
can take various forms including outcome reporting bias
[8,9], when authors select interesting or positive research
findings while concealing results that contradict their hy-
pothesis because of the statistical significance, magnitude
or direction of the effect; selective reporting of analyses,
when researchers conduct multiple analyses within a study
but only report those that yield favorable results [10,11],
publication bias [12], when studies with positive or statisti-
cally significant results are more likely to be published.

Discrepancies related to the reporting biases can occur
in various manners, such as adding, omitting, switching
data for a measured outcome domain, outcome measure-
ment instrument, time-points or changing SAPs compared
to what was reported in the registered protocols [13e16].
A methodological review assessing empirical studies of
systematic reviews of RCTs for health care interventions
revealed discrepancies in at least one primary outcome,
such as additions, omissions, or switching (ie, upgrading
from secondary to primary or downgrading from primary
to secondary) in 4%e50% of publications compared to
the registry entry or published protocol [17].

We therefore hypothesized that there may be discrep-
ancies related to reporting biases between registered proto-
cols and published manuscripts also in CLBP field.
Previous study [18] showed that the quality and reporting
standards of trials in the exercise for CLBP are suboptimal.
Another [19] showed that most RCTs of the field have
methodological limitations; however, they did not assess
adherence to registered protocol. Therefore, we aimed to
assess the proportion of RCTs with discrepancies between
the registered protocol and the published manuscript in: pri-
mary and secondary outcomes domains, outcome measure-
ment instruments, time-points, number of arms, and SAPs.
Moreover, we investigated the characteristics of RCTs with
and without outcome discrepancies.
2. Methods

2.1. Study design

We conducted a meta-research study [20,21] prospec-
tively registered [22]. Deviations from protocol are reported
in Supplementary File 1A. Since the reporting checklist for
methods research studies is currently under development
[23], we adapted the items from the Preferred Reporting
Items for Systematic Reviews and Meta-analyses (PRIS-
MA) for reporting this metaresearch study [24].

2.2. Eligibility criteria and study selection

We started from the RCTs included in the largest Co-
chrane systematic review ‘‘Exercise therapy for chronic
low back pain’’ [4] (n 5 249) and in its ‘‘awaiting assess-
ment’’ section (n 5 172 RCTs for which data have not yet
been extracted by Cochrane reviewers). To meet specific
criteria for content, quality and validity, accessibility,
unique identification, technical capacity and administration,
protocols were considered eligible when they reported a
registration in one of the international databases included
in the primary registers of World Health Organization Inter-
national Clinical Trial Registry Platform (ICTRP) [25] or in
ClinicalTrials.gov, in line with the International Committee
of Medical Journal Editors (ICMJE) [26] (Supplementary
File 1B). First, a single reviewer (GB) screened the RCTs
included in the Cochrane review [4] (n 5 249), selecting
those that declared a registered protocol (examining the
‘‘characteristics of included studies" section). Next, the
same reviewer (GB) assessed the eligibility of the 172
RCTs categorized as ‘‘references to studies awaiting assess-
ment’’. Since information about these latter studies was not
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extracted in the Cochrane review [4], a second reviewer
(SB) cross-checked this phase. Any disagreements were
resolved through discussion. More details are reported in
Supplementary File 1C.

Published manuscripts that were either not found or not
in English were excluded. We also excluded registered pro-
tocols (along with the related published manuscripts) under
the following conditions: if they were not found, no longer
available (ie, expanded access was available but is not
currently available and will not be available in the future)
[27], had an unknown status of recruitment (ie, a study
whose last known status was recruiting, not yet recruiting,
or active but not recruiting, and that has passed its comple-
tion date with the status not verified within the past 2 years)
[27] and if they lacked information (eg, not reporting any
outcome information at all).
2.3. Data extraction

Standardized data collection forms were used to record
information from the registered protocol and the published
manuscript. Two pairs of independent reviewers (SB, GB
and IG, SG) extracted the following data from the regis-
tered protocol accessed on its registration platforms: regis-
tration date, study start date, primary outcome registration
date, registered number of arms, description of interven-
tions, SAPs (when attached in the register), primary and
secondary outcomes domains (eg, pain), time-points (eg,
1 month follow-up) and outcome measurement instruments
(eg, Visual Analoge Scale). We also collected information
on how many versions existed.

For data extraction of the manuscript published, a single
reviewer (IG) extracted the general characteristics of the
RCTs available from the ‘‘characteristics of included
studies" section in the Cochrane review (n 5 249) [4].
Next, the same reviewer (IG) extracted those characteristics
from the full texts retrieved (‘‘references to studies awaiting
assessment’’) with a second reviewer (SB) cross-checking
this phase. Finally, two pairs of independent reviewers
(SB, GB; IG, SG) extracted the following data (not avail-
able in the Cochrane review [4]): initial date of participant
enrollment, involvement of an ethical committee (promot-
ing transparency and accountability in research [28]), pres-
ence of a published protocol, journal impact factor, primary
and secondary outcome domains, outcome measurement in-
struments, time points, number of arms, and SAPs. Dis-
agreements were discussed with another reviewer (GC) to
reach a final consensus. More details are reported in
Supplementary File 1C.

We classified the trial status into 1) prospectively regis-
tered and 2) retrospectively registered according to its
registration date. Prospective registration was defined as
trial registration before or within a month of the first partic-
ipant enrollment start date according to the protocol [29],
the other cases were considered retrospective.
2.4. Detection of discrepancies between registered
protocol and published manuscript

We defined discrepancies related to the reporting biases
as differences between registered protocol (ie, from the last
prospectively registered version released) and the published
manuscript. Two pairs of independent reviewers (SB, GB;
IG, SG) assessed discrepancies for primary and secondary
outcome domains, outcomes measurement instruments,
time-points, number of arms SAPs, when attached in the
register (see Supplementary File 1B for SAPs contextuali-
zation). Disagreements were discussed with another
reviewer (GC) to reach a final consensus. We adapted a pre-
viously published method [15,17] to classify discrepancies
into: addition (eg, completely outcome domain/measure-
ment instrument/time-point or arm added in the publica-
tion), omission (eg, completely outcome domain/
measurement instrument/time-point or arm omitted in the
publication), upgrade (registered secondary outcome
changed to primary in the publication), downgrade (regis-
tered primary outcome changed to secondary in the publi-
cation) or change (eg, statistical analyses changed). If
primary and secondary outcomes were not clearly distin-
guished in the published manuscript, we assessed the dis-
crepancies irrespective of primary and secondary outcome
and underlined this in results. More details in
Supplementary File 1C.

When multiple versions of the same registered protocol
were available, we also collected if discrepancies between
the current (ie, latest version) and original (ie, first version)
registered versions were present, according to the above-
mentioned classification.

2.5. Impact of discrepant outcomes and statistically
significant results

A discrepant outcome was considered to favor statisti-
cally significant results when: 1) a nonstatistically signifi-
cant (eg, 95% confidence interval that crossed zero for
continuous outcomes) primary outcome registered in the
protocol was downgraded to a secondary in the manuscript
published; 2) a statistically significant secondary outcome
registered in the protocol was upgraded to a primary
outcome in the manuscript published; and 3) addition of a
nonregistered statistically significant primary outcome in
the published manuscript [30].

2.6. Statistical analysis

We used descriptive statistics to assess the proportion of
RCTs with discrepancies in primary and secondary
outcome, arms and SAPs, as well as the proportion of
discrepant outcomes favoring statistically significant ef-
fects. We also descriptively compared RCTs with and
without primary outcome discrepancies for the following
variables supported by literature [15,31]: protocol registra-
tion (prospective vs. retrospective), sample size (O100 vs
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!100 participants), funding status (disclosed vs not dis-
closed), publication status of the protocol (published vs un-
published) and Journal Impact Factor (JIF) (as continuous
variable). Specifically, JIF was assessed since higher JIF
journals have typically more rigorous peer review processes
[32], potentially preventing discrepancies [33]. Data anal-
ysis was performed with STATA 15 software.
3. Results

3.1. Study selection

Overall, we included 116 RCTs reporting an available
protocol registration. The flow chart of study selection is re-
ported in Figure. References of included and excluded
studies with reasons are reported in Supplementary File 2.
3.2. General characteristics of the published
manuscripts

Overall, the 116 RCTs included 11,613 patients with
CLBP with a median age of 45 (IQR 41-51) and median
percentage of female 63% (52%e74%). Most were two-
arm studies (69.0%), comparing exercise to other active in-
terventions (55.0%), published between 2016 and 2020
(69.8%). The median number of primary and secondary
outcomes reported was two (IQR 1e2) and three (IQR
2e5), respectively. The majority disclosed the presence of
funding (68.1%) while few (n5 24) cited a previously pub-
lished protocol on indexed journals (2 0.7%). The median
Figure. Flow chart of study selection^of which 186 have already been extrac
assesses the risk fall in older population which is ambiguous compared to th
this figure legend, the reader is referred to the Web version of this article.)
JIF was Three (IQR 2e4). Overall, 111 RCTs (95.7%) re-
ported the involvement of an ethical committee (Table 1).
3.3. General characteristics of the registered protocols

Overall, most protocols were registered in ClinicalTrials.
gov (n 5 60; 51.7%) with half (n 5 59; 50.9%) being pro-
spectively registered. The remaining 57 retrospective proto-
cols were registered with a median delay of 492 days (IQR
161e1202) from the first patient recruitment. The median
number of primary and secondary outcomes registered in
RCTs was two (IQR 1e2) and third (IQR 2e5), respec-
tively. Only three protocols (2.6%) reported registered
SAPs (Table 2).
3.4. Proportion of RCTs with outcome discrepancies

Overall, we found 95 RCTs (81.9%) out of 116 with one
or more outcome (domains, measurement instruments,
time-points) discrepancies. Out of the 116 RCTs included,
16 studies did not report clear distinction between primary
and secondary outcomes, preventing us to assess them
separately as primary or secondary outcomes (assessments
in Supplementary File 3, Table S1). In the remaining 100
RCTs out of 116 (86.2%), we found 39 RCTs (39.0%) with
one or more discrepancies in primary outcomes (domains,
measurement instruments, time-points) and 78 RCTs
(78.0%) with one or more discrepancies in secondary out-
comes (domains, measurement instruments, time-points).
The most frequent discrepancies were addition and
ted by the Cochrane review the reported protocol, the reported protocol
e published manuscript.(For interpretation of the references to color in
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Table 1. Descriptive characteristics of the published manuscripts
(n 5 116)

RCTs characteristics N % Out of 116

Country

Europe 39 33.6

Americas 31 26.7

Asia 34 29.3

Australia 12 10.3

Year

2006e2010 9 7.8

2011e2015 26 22.4

2016e2020 81 69.8

Comparison

Two-arm 80 69.0

Exercise vs active intervention 44 55.0

Exercise vs passive/usual care 36 45.0

Three-arm 36 31.0

Two active arms vs one passive 27 75.0

Three active arms 9 25.0

Funding

Disclosed 79 68.1

Not funded 10 8.6

Not disclosed 27 23.3

RCT, Randomized Controlled Trial.

Table 2. General characteristics of the registered protocols (n 5 116)

General characteristics

Prospective

(n [ 59)

Registries

Australian New Zealand Clinical Trials
Registry

11 18.6

Brazilian Clinical Trial Registry
(ReBeC)

0 0.0

Chinese Clinical Trial Registry 0 0.0

Clinical Research Information Service
(CRiS). Republic of Korea

1 1.7

Clinical Trials Registry - India (CTRI) 2 3.4

ClinicalTrials.gov 31 52.5

German Clinical Trials Register 1 1.7

ISRCTN registry 5 8.5

Iranian Registry of Clinical Trials 5 8.5

Pan African Clinical Trials Registry 1 1.7

Thai Clinical Trials Registry 2 3.4

Statistical analysis plans

Reported yes 3 5.1

Outcomesa

Number of primary outcomes 2 1e2

Number of secondary outcomes 4 2e6

Armsa 2 2e3

a Median and interquartile range.
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omission of secondary outcomes domains in 52 (52.0%)
and 35 (35.0%) of RCTs, respectively (Table 3).

Three published manuscripts transparently reported rea-
sons for differences between registered protocol and publi-
cation. We reported their acknowledged deviations in
Supplementary File 3, Table S2.

3.5. Proportion of RCTs with discrepancies in
intervention arms and statistical analyses

Overall, six RCTs (5.2%) added or omitted an interven-
tion arm compared to protocol registrations. SAPs were too
poorly reported in the registered protocols (n5 3) for being
compared to the publications.

3.6. Relationship between discrepant primary outcomes
and statistically significant effects

Overall, focusing our unit of analysis on the number of
RCTs, among the 31 RCTs with added, upgraded or down-
graded primary outcomes domains, measurement instru-
ments or time-points, 20 (64.5%) reported discrepant
outcomes with statistically significant effects.

Focusing on the number of outcome domains as unit of
analysis, among the 28 added, upgraded or downgraded pri-
mary outcomes domains, 19 (67.9%) reported statistically
significant effects in favor of exercise interventions
(Table 4).
Retrospective Overall

(n [ 57) (n [ 116)

3 5.3 14 12.1

2 3.5 2 1.7

3 5.3 3 2.6

1 1.8 2 1.7

1 1.8 3 2.6

29 50.9 60 51.7

2 3.5 3 2.6

9 15.8 14 12.1

6 10.5 11 9.5

1 1.8 2 1.7

0 0.0 2 1.7

0 0.0 0 2.6

1 1e3 2 1e2

3 1e5 3 2e5

2 2e2 2 2e3



Table 3. Proportion of discrepancies for outcome reporting

Discrepancies

Primary outcome (n [ 100 RCTs)

Domains Measurement instrumentsb Time-pointsb

N RCTs % N outcomes N RCTs % N measurement instruments N RCTs % N time-points

Addition 4 4.0 4 5 5.0 5 15 15.0 18

Omission 11 11.0 13 5 5.0 5 14 14.0 17

Upgrade 6 5.0 7 - - - - - -

Downgrade 12 11.0 17 - - - - - -

Totala 22 22.0 41 7 7.0 10 25 25.0 36

None 78 78.0 - 87 87.0 - 64 64.0 -

NA 0 0.0 - 6 6.0 - 11 11.0 -

N, number of studies with one or more outcome discrepancy in each category; NA, not assessed (ie, incomplete outcome registration as
described in methods); RCTs, randomized controlled trials; % out of 100.

a We reported the total number of studies with one or more outcome discrepancy (ie, unit of analysis is the study) along with the total number of
discrepant outcomes (ie, the unit of analysis is the outcome). Note that, to avoid double counting, the total number of RCTs is not the automatic
sum of the number of studies reported in each column since more than one discrepancy type can be present in each study.

b In case of discrepancy already reported in outcome domains (eg, added pain and consequently the corresponding measurement instruments
and time-point) we considered only as discrepancy the outcome domain and not the corresponding measurement instruments and time-points.
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3.7. Characteristics of publications with discrepancies
compared to those without discrepancies

Descriptively comparing RCTs with and without dis-
crepancies in their primary outcomes, we observed that
RCTs with discrepancies had a lower frequency of sample
size exceeding 100 participants compared to those without
discrepancies (20.5% vs. 47.5%). In Table 5 all other vari-
ables considered are reported.

3.8. Discrepancies between registered protocol versions

Overall, comparing current and original versions (when
available in a register), 13 registered protocols out of 116
reported an outcome discrepancy in primary outcome and
16 in secondary outcomes. These discrepancies were per-
formed after the original submitted date (Supplementary
File 3, Table S3).
4. Discussion

4.1. Main findings

Our meta-research study found substantial discrepancies
related to reporting bias between registered protocols and
published manuscripts especially regarding outcomes
(81.9%). Over one-third of RCTs exhibited discrepancies
in the primary outcome, encompassing domains, measure-
ment instruments, and time-points, with 64.5% of them fa-
voring statistically significant effects. Discrepancies in
primary outcome domains (eg, upgrading secondary out-
comes to primary) can potentially lead to an overestimation
of intervention effects or an underestimation of undesirable
effects, given that the power calculation of sample size is
based on the primary outcome [34,35]. Furthermore,
we identified added or omitted secondary outcomes in
three-quarters of the RCTs. The addition of more outcomes
increases the likelihood of chance-driven statistically sig-
nificant results [36], while the omission of outcomes may
mask potential null effects.

Similar considerations apply to outcome measurement
instruments and time-points. In the rehabilitation context,
multiple measurement instruments (eg Roland-Morris
Disability Questionnaire; Oswestry Disability Index) [37]
are available for the same outcome domain, and authors
may be tempted to select the most favorable results. Simi-
larly, added or omitted time-points may be related to the
statistical significance (eg, statistical power lost in longest
follow-ups [38]). Nevertheless, logistical or limited finan-
cial factors should also be considered to justify any proto-
col deviation [39].

Discrepancies in the number of arms, such as transition-
ing from a three-armed RCT to a two-arm RCT (or vice
versa), were infrequent (6% of the sample), and the assess-
ment of SAPs was challenging since they were poorly re-
ported in the registered protocols. However, SAPs have
an important role in reducing the occurrence and facili-
tating the detection of bias, particularly in relation to selec-
tive analysis and reporting [10,11,16]. While SAPs are not
mandatory in WHO primary registries [40], some platforms
have specific sections or fields where researchers can up-
load additional documents [41e46]. Current regulations
for ClinicalTrials.gov [47] require a copy of the protocol
and SAPs to be submitted as part of clinical trial results in-
formation for those applicable trials [48] with a Primary
Completion Date on or after January 18, 2017 (our sample

http://ClinicalTrials.gov


Secondary outcome (n [ 100 RCTs)

Domains Measurement instrumentsb Time-pointsb

N RCTs % N outcomes N % N measurement instruments N RCTs % N time-points

52 52.0 102 9 9.0 10 17 17.0 20

35 35.0 79 8 8.0 9 16 16.0 20

- - - - - - - - -

- - - - - - - - -

66 66.0 181 11 11.0 19 26 26.0 40

34 34.0 - 84 84.0 - 63 63.0 -

0 0.0 - 5 5.0 - 11 11.0 -

7S. Bargeri et al. / Journal of Clinical Epidemiology 173 (2024) 111465
was published in median in 2018, IQR 2014e2019). To
support the reproducibility of research and avoid concerns
of misconducting, a clear comprehensive and transparent
account of preplanned SAPs must be available. To help re-
searchers in their reporting, some recommendations are
Table 4. Proportion of discrepant primary outcomes favoring statistically sig

Discrepant outcomesa
N outcomes domains favoring
statistically significant effects

N

Addition

Addition of a nonregistered
statistically significant primary
outcome in the manuscript
published

4/4 (100%)

Upgrade

A statistically significant
secondary outcome registered
in the protocol was upgraded
to a primary outcome in the
manuscript published

6/7 (85.7%) -

Downgrade

A nonstatistically significant
primary outcome registered in
the protocol was downgraded
to a secondary in the
manuscript published

9/17 (52.9%) -

Total 19/28 (67.9%)

The unit of analysis is the number of outcomes.
a Omission of outcomes was not reported since statistically significant
available for a minimum set of items that should be ad-
dressed [49].

Discrepancies were frequently observed among
different versions of the registered protocols. Finally,
examining RCT characteristics, prospective registration,
nificant effects

measurement instruments favoring
statistically significant effects

N
Time-points favoring statistically

significant effects

2/5 (40%) 8/18 (44.4%)

-

-

2/5 (40%) 8/18 (44.4%)

effects cannot be assessed.



Table 5. Publications with and without discrepancies in the primary
outcome

Dichotomous variables

Discrepancies
yes (n [ 39)

Discrepancies
no (n [ 61)

N � % N � %

Prospective registration 19 48.7 32 52.5

Sample size O100 8 20.5 29 47.5

Funding present 24 61.5 47 77.0

Protocol published 19 48.7 31 50.8

Continuous variables Median IQR Median IQR

Journal impact factor 3.3 2.5e5 3 2.3e4.4

IQR, interquartile range.
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disclosure of funding sources, JIF and the existence of a
published protocol were described similarly in RCTs with
and without primary outcome discrepancies. Conversely,
smaller studies (eg, less 100 participants) displayed to
have more outcome discrepancies. This may be attributed
to the fact that low-powered RCTs may struggle to
obtain statistically significant and clinically relevant ef-
fects [34,35].

4.2. Comparison with previous studies

Our findings are consistent with other studies that have
explored discrepancies between registered protocols and
published manuscripts [13e16,50]. In the osteoarthritis
field, 48% of trials had discrepancies in number, type or
time point of primary efficacy outcome between protocol
and manuscript [31]. Another cross-sectional study [30]
examining reporting bias in exercise oncology trials found
evidence of widespread selective outcome reporting and
nonreporting bias (outcome switching, omitted preregis-
tered outcomes, and silently introduced novel outcome) in
84% of outcomes.

4.3. Research implications

Preserving the integrity and credibility of RCTs requires
strict adherence to prespecified protocols, avoidance of
posthoc changes with comprehensive reporting of all
outcome details. Despite the ICMJE and WHO [25,29] rec-
ommendations, over half of registered protocols were sub-
mitted with a median delay of 492 days from the first
participants enrollment. Several factors might contribute
to these delays, such as lack of awareness of requirements,
poor organization and supervision of a research project, or
not paying sufficient attention to accuracy [51]. In addition,
some primary registries undertake retrospective registration
[52]. However, complete accessibility, accountability and
transparency can only be achieved when the trial is regis-
tered prospectively. Prospectively planning outcomes start-
ing from validated core outcome sets can help to avoid
discrepancies between protocols and published manuscript.
For LBP, the recommended core outcome domains
currently include physical functioning (eg, assessed by Os-
westry Disability Index or 24-item Roland-Morris
Disability Questionnaire), pain intensity (eg, Numerical
Rating Scale), and Health-Related Quality of Life (eg,
Short Form Health Survey 12) [53].

Simultaneously, researchers must diligently adhere to
prespecified registered protocol, avoiding reporting biases
and transparently document any deviations or amendments,
along with their reasons, in both the published manuscripts
and the updated registered protocols. In our sample, only
three RCTs documented protocol deviations. While registra-
tion platforms can play a supportive role by encouraging au-
thors to report any deviations and providing clear guidelines
or fields for authors to document such changes during the
registration process, ultimately is the responsibility of the
authors to ensure that such deviations are appropriately re-
ported and disclosed [54]. Current guidelines exist such as
the Standard Protocol Item: Recommendations for Interven-
tional Trials (SPIRIT) statement [55] for protocols of clin-
ical trials and the CONSORT for RCTs studies [56], with
forthcoming updates in 2024 [57]. The SPIRIT guidelines
provide detailed instructions for the content of clinical trial
protocols, including how to document and report deviations
from preregistered plans [55]. As well, the forthcoming
CONSORT 2024, in harmonization to the SPIRIT, is adding
a new item regarding protocol deviations [57].

Lastly, peer reviewers and editors play a crucial role in
validating the scientific validity of RCTs by checking trial
registries and asking authors to report reasons for devia-
tions. In fact, some journals require the registration in pub-
lic trials registry as condition for publication at or before
the onset of patient enrollment [58]. Additionally, adequate
training for peer reviewers could enhance their ability to ac-
cess and assess registered protocols and compare them to
the publications. Furthermore, a lack of time is often
perceived as a barrier to thoroughly check study protocols;
this issue could be addressed by providing some incentives
to busy peer reviewers [59,60].
4.4. Strength and limitations

We registered our planned protocol in a preprint reposi-
tory and followed published reporting standard. We deter-
mined that our sample would be large enough to
comment on the generalizability of findings to the CLBP
field. In fact, among other Cochrane reviews for low back
pain [61e67], we started from the largest sample of RCTs
collected. However, some limitations should be mentioned.
We involved one reviewer (cross-checked by a second
reviewer) in selection and extraction of data already ex-
tracted by Cochrane reviewers. However, for outcome data
and assessment of discrepancies, two pairs of independent
reviewers were involved, as recommended [68]. We judged
the prospective and retrospective registration considering
the gap of days between the first submitted date and the
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study start date available in registered protocols. Therefore,
we cannot exclude that the study start date could be
different than the one registered as few manuscripts re-
ported the actual period of recruitment. To determine if a
trial is prospectively registered, it would be more meaning-
ful to consider when the collection of primary outcome data
begins [69]. However, the start data collection date for the
primary outcome is usually not reported in the trial registra-
tion, as it is not a designated field in the major trial regis-
tries. In addition, even if half protocols were
retrospective, nearly all (95.7%) reported an ethics commit-
tee approval which has the role to evaluate, approve and
monitor clinical trial protocols according to ethics declara-
tions at International level [28]. For instance, some regis-
tries require ethics committee as a mandatory document
to register a clinical trial [52]. Then, we planned to assess
discrepancies in SAPs, but they were poorly reported, since
they were not mandatory in WHO primary registers [40]. In
addition, we did not contact authors in case of missing pro-
tocol registration or information. We cannot exclude to
have missed some protocols or related documents, but we
believe that the inclusion of these studies would not alter
our main findings.

Finally, we did not assess if nondiscrepant outcomes
also favored statistically significant effects to assure a pos-
itive association between statistical significance and
discrepant outcomes. Likewise, in cases where a primary
discrepant outcome favored statistically significant effects,
we did not assess whether this influenced the final conclu-
sion of the trial (eg, the trial could report positive conclu-
sion on other outcomes).
5. Conclusion

Substantial outcome discrepancies were found between
registered protocols and published manuscripts, threatening
the validity of some RCTs on exercise interventions for pa-
tients with CLBP. To improve consistency between trial
registry data and publications, we firstly recommend trial
authors, and then peer reviewers and journal editors to
check the protocol registry ensuring that results are consis-
tent and transparently reported. At the same time, registries
should mandate the prospectively and complete registration
of outcomes and SAPs.
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