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Consistency in Reporting of Loss of Righting
Reflex for Assessment of General Anesthesia in
Rats and Mice: A Systematic Review

Michael Z Teng, BSc,"* Dexter Merenick, BSc,'* Anisha Jessel, BSc,! Heather Ganshorn, BA, MLIS,?
and Daniel S ] Pang, BVSc, PhD'3*

General anesthesia induces a reversible loss of consciousness (LOC), a state that is characterized by the inability to feel
pain. Identifying LOC in animals poses unique challenges, because the method most commonly used in humans, respond-
ing to questions, cannot be used in animals. For over a century, loss of righting reflex (LORR) has been used to assess LOC
in animals. This is the only animal method that correlates directly with LOC in humans and has become the standard proxy
measure used in research. However, the reporting of how LORR is assessed varies extensively. This systematic literature
review examined the consistency and completeness of LORR methods used in rats and mice. The terms ‘righting reflex,” “an-
esthesia,” “‘conscious,’” ‘rats,” “‘mice,” and their derivatives were used to search 5 electronic databases. The abstracts of the 985
articles identified were screened for indications that the study assessed LORR in mice or rats. Full texts of selected articles
were reviewed for LORR methodological completeness, with reported methods categorized by 1) animal placement method,
2) behavioral presence of righting reflex, 3) duration of LORR testing, 4) behavioral LORR, and 5) animal position for testing
LORR. Only 22 papers reported on all 5 methodological categories. Of the 22 papers, 21 used unique LORR methodologies,
with descriptions of LORR methods differing in at least one category as compared with all other studies. This variability
indicates that even papers that included all 5 categories still had substantial differences in their methodological descriptions.
These findings reveal substantial inconsistencies in LORR methodology and reporting in the biomedical literature likely
compromising study replicability and data interpretation.

Abbreviations and Acronyms: LOC, loss of consciousness; LORR, loss of righting reflex; LTI, loss of righting reflex testing interval;
LTT, loss of righting reflex testing threshold; RORR, return of righting reflex
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Introduction

By definition, general anesthetics cause reversible states of
amnesia, unconsciousness, and immobilization.>715 These
states are also recognized as major indicators of anesthesia.'® The
ability to induce a safe and reversible state of unconsciousness is
associated with loss of sensation and pain. A variety of accepted
methods have been used to measure loss of consciousness (LOC)
in humans, with the loss of response to a verbal command be-
ing a common primary clinical end point.!> Unfortunately, this
measure cannot be easily applied to other species, such as mice
or rats, which are estimated to represent approximately 95%
of all mammals used in research.>® Rats and mice are also the
2 species most commonly used in pain research.!”

Numerous approaches have been used to identify LOC in rats
and mice, such as immobility to a noxious stimulus, tail-flick in
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response to a temperature stimulus, the loss of righting reflex
(LORR), and learning or memory end points.?* The predominant
measure used in research for over a century has been LORR,
which has a strong positive correlation with LOC in humans.’
When an animal is placed on its back (dorsal recumbency), the
righting reflex activates vestibular organs, eliciting a return
to a normal position with respect to gravity (ventral/sternal
recumbency).?? Although LORR in animals has been frequently
used for research, the literature appears to be inconsistent with
regard to how LORR is performed and assessed across studies.
If true, these inconsistencies increase the likelihood of discrepan-
cies in results between studies, limiting the ability to compare
results and studies.

A landmark study highlighted concerning oversights the
reporting of animal-based research using animals is reported,
with a substantial proportion of studies failing to report even
the hypothesis or objective of the study;!? a similar pattern oc-
curs in veterinary clinical research.>1%-2!

A response to incomplete reporting has been the develop-
ment of reporting guidelines (for example, ARRIVE [Animals
in Research: Reporting In Vivo Experiments]).!? However,
the existence of guidelines has not guaranteed improved
reporting.>1%2! Incomplete reporting is associated with increased
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effect sizes and irreproducible results and associated ethi-
cal and financial costs, conservatively estimated to be in the
region of $28 billion per annum in the United States alone.®!
These consequences of incomplete reporting are compounded
in that most research focuses on novel rather than replication
studies, particularly because little funding is available for
replication studies,*!%18 further emphasizing the importance
of carefully conducted and reported studies. The goal of this
systematic review was to examine, summarize, and compare the
descriptions of LORR that appear in peer-reviewed publications.

Materials and Methods

Experimental design. We performed a systematic search
for studies reporting the use of LORR. The following data-
bases were searched from their inception through 6 June 2022
(Figures 1 and 2). The search strategies that were used are
provided in Supplemental Figures S1 and S2.

Abstract screening. Three reviewers performed an initial in-
dependent screening of identified abstracts. Selected abstracts
were then accessed in full text and reviewed, and the data were
extracted independently by 2 reviewers. Differences between
reviewers were resolved through discussion to reach a consen-
sus, with the assistance of a third party.

Full text screening. Criteria for inclusion of full text screen-
ing required a description of an experiment (or experiments)
that included rats, mice, or both and indicated assessment
of LOC and LORR as well as assessment of the presence and
recovery of righting reflex (RORR). Studies that did not con-
tain this information were excluded. Additional criteria for
excluding a paper during full text review were lack of peer
review, full text not available, not published in English, or a
retracted study.

Data extraction. Studies that mentioned the righting reflex but
did not provide a more complete description of the assessment
method were included to provide information on completeness
of reporting. For example, we interpreted the statement, “A
positive RORR was determined to be where the animals righted
themselves on two additional toppling stimuli immediately after
the first observed RORR” as testing LORR despite the absence
of an explicit description in the study, as the righting reflex must
be lost to identify its return.!! Some studies that did not directly
mention LORR or RORR in their descriptions were nonetheless
clearly were referring to them. For example, one study stated
“the ability of animals to right themselves after being turned

Reporting on loss of righting reflex in rodents

over was used as a measure of anesthetic effect.”?> We inferred
from this statement that the inability to perform such an action
would be considered LORR, and that the ability to perform such
an action indicates that the righting reflex was either present
or had been recovered, even without direct mention of either
LORR or RORR.

Data table. During data extraction, LORR information
was tabulated under the following 5 categories: 1) animal
placement method, 2) behavioral presence of righting reflex,
3) duration of LORR testing, 4) behavioral LORR, and 5) animal
position for testing LORR. The 5 categories were tabulated
according to species and the general anesthetic used. The
category ‘duration of LORR testing” included 2 methods for
describing time. The first method tested LORR over a fixed
duration (for example, LORR is considered to have occurred
when the rodent remained on its back for 15s); this will be
referred to as the LORR testing threshold (LTT). The second
method assessed LORR at distinct intervals (for example, the
rat was placed on its back every 15s for 1 min). This will be
referred to as the LORR testing interval (LTI). All experiments
were expected to provide a LTT for confirmation of LORR.
Depending on the experimental design, not all experiments
needed an LTI If LORR was only tested once, there would
be no LTI.

For table data entry, if no specific information for a category
was reported from a study, it was described as “unspecified’; if
information was reported, it was referred to as ‘specified’. After
the table was completed, the number of specified categories
from each study were given numeric values and converted
into a percentage. For instance, a study that had specified
descriptions for 4 of the 5 categories would have a reporting
rate of 80% (4 of 5). Studies that tested more than one strain or
anesthesia method were calculated differently. For example,
a study might test both rats and mice and report 3 out of the
5 categories for mice, and 4 out of 5 categories for rats. Overall,
the 2 experiments from this one study would have an overall
reporting rate of 70% (4 of 5+3 of 5=7 of 10).

Summary table. When creating the summary table, syn-
onymous terms encountered during data entry (for example,
‘dorsal recumbency,” ‘dorsal,” ‘supine,” ‘back’) were grouped
under a single descriptor (for example, ‘dorsal recumbency’).
In cases where descriptors were nonspecific (vague), such as
body position during LORR testing, for example, these studies
were categorized under the single term of ‘unspecified” for the

Database Platform/Vendor
MEDLINE Ovid

Embase Ovid

CAB Abstracts Ebsco

BIOSIS Previews Web of Science (Clarivate)

Web of Science Core Collection — Science Citation
Index & Emerging Sources Citation Index

Web of Science (Clarivate)

Figure 1. Systematic search of databases.

Study Characteristic:

Description:

Population
Intervention
Outcome

Rats and Mice

Loss of righting reflex (LORR)

Assessing loss of consciousness (LOC) under
induction of general anesthesia

Figure 2. Concepts used to create the search and inclusion criteria. Complete search strategies for each database can be found in

Figures S1 and S2.
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purpose of analysis, recognizing that ‘unspecified’ encompassed
a variety of different nonspecific descriptors.

Data analysis. Data from studies published before 2010
were compared with those published in 2015 and thereafter
by using a Kolmogorov-Smirnov test for unpaired data. Re-
sults were considered significant if P < 0.05. These years were
selected to compare reporting before and after publication of
the ARRIVE guideline in 2015. These time periods were also
compared in an earlier retrospective, observational cohort
study that examined the impact of the ARRIVE guidelines
on research reporting.!3

Risk of bias assessment. The systematic review design was
specific to the reporting of LORR methodology and did not as-
sess the effect of treatment. Therefore, a risk of bias assessment
was not performed.

Registration and protocol. This systematic review did not have
a protocol registered. Data supporting the presented results
are available in a data repository: https://doi.org/10.7910/
DVN/ETTXVE

Results

We initially imported 2,088 studies for screening and removed
1,103 duplicates. The remaining 985 were used for abstract
screening, with 42 studies identified as unrelated to the topic of
interest. This resulted in 943 studies that were assessed as full
texts. This assessment excluded 260 studies for the following
reasons: 118 for lack of peer review, 82 due to unavailable full
texts, 35 because they were not being published in English, 11
because they did not test LORR, 8 that they did not use rats or
mice, 5 for not being an experimental or observational study,
and one due to being a retracted study (Figure 3).

The 683 included papers provide data from 750 experiments.
Sixteen studies tested both rats and mice using a single anes-
thesia method, 47 tested one species with using 2 anesthesia
methods, and 2 studies tested 3 anesthesia methods on a single

2088 Studies from databases/registers

Table 1. Key reporting details are displayed in percentages for
the 5 LORR methodological categories

Percentage of
unreported
LORR methods

Percentage of
reported LORR

LORR methodological methods

category (“unspecified’) (“specified’)
Animal placement method 83.3 16.7
Behavioral presence of 59.2 40.8
righting reflex

Duration of LORR testing 58.5 41.5
Behavioral loss of 54.8 45.2
righting reflex

Animal position for 44.5 55.5

testing LORR

species. Because of the volume of data, results are presented
in a summary table. Specific details on the study, the support-
ing quotes for LORR methods, the species, and the anesthesia
method tested are provided in Supplemental Tables S1 to Sé6.

Summary table analysis. Our analysis found that 60% of the
5 categories were ‘unspecified” and therefore essentially unre-
ported. The separate methodological categories ranged between
45% and 83%, but ‘unspecified” was always the most common
descriptor (Table 1).

The most frequent description used for the category ‘ani-
mal placement method” was ‘the container was rotated at an
unspecified angle” (Table 2); this description applied to 29%
of all specified LORR methods (Tables 1 and 2). The most
frequent description used for the category ‘behavioral pres-
ence of the righting reflex” was ‘animal returned to sternal
recumbency /normal position” (Table 3); this description ap-
plied to 32% of all specified LORR methods (Tables 1 and 3).
The most frequent description used for the category ‘duration
of LORR testing " was ‘30 seconds’ (Table 4); this description
applied to 23% of all specified LORR methods (Tables 1 and 4).

985 Studies screened

A\ 4

1103 Duplicates removed

\ 4

943 Studies assessed for eligibility

4?2 Studies irrelevant

A 4

260 Studies excluded
118 Not a peer reviewed study (n =118)
82 Full-text unavailable (n = 82)
35 Articles not in English (n = 35)

A 4

683 Studies included in review

11 Tested methods other than LORR was used
8 Tested LORR on a different species (n = 8)

5 Not an experimental or observational study
1 Retracted

Figure 3. Flow chart of the search strategy used to identify articles for inclusion and exclusion.
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Table 2. Summary table for the category ‘animal placement
method’?

Percentage of

experiments
with the same

description

out of all
Animal placement method (n = 750) experiments
Positioned by hand 09 (n=7)
The container was rotated 15° 01 (n=1)
The container was rotated 30° 0.8 (n =6)
The container was rotated 45° 1.7 (n = 13)
The container was rotated 90° 09 (n =7)
The container was rotated 180° 2.1 (n = 16)
The container was rotated at an unspecified angle 4.9 (n = 37)
The container was rotated twice in rapid 01 (n=1)
succession
The container was rotated automatically at 1rpm 01 (n=1)
The container was rotated automatically at 2rpm 01 (n=1)
The container was rotated automatically at 3rpm 05 (n = 4)
The container was rotated automatically at 4rpm 24 (n = 18)
The container was rotated automatically at 5rpm 03 (n = 2)
The container was rotated automatically at 20rpm 0.1 (n = 1)
The container was rotated automatically at an 12 (n=9)
unspecified speed
Specific unique methodology 09 (n =7)
Unspecified 83.3 (n = 625)

Note that whereas there are only 750 total experiments, one ex-
periment can have multiple descriptions (756 total descriptions).
2A list of paper references for each experiment, as well as the full
summary table and data table, is available in Tables S1 and S2

The most frequent description used for the category ‘behavioral
loss of righting reflex’ was ‘animal failed to return to sternal
recumbency /normal position” (Table 5); this description applied
to 22% of all specified LORR methods (Tables 1 and 5). The most
frequent description for the category ‘animal position for test-
ing LORR ” was “dorsal recumbency’ (Table 6); this description
applied to 78% of all specified LORR methods (Tables 1 and 6).

Reporting on loss of righting reflex in rodents

Overall data analysis. Of the 5 categories, the median report-
ing percentage was 40% (range, 0% to 100%) (Table 1). The
median reporting percentage for studies published before 2010
(n=375) was 40% (range, 0% to 100%), and the median percent-
age during and after 2015 (n = 209) was also 40% (range, 0%
to 100%), with significant difference in reporting between the
2 time periods (P = 0.80).

Of the 683 studies examined in this systematic review, 200
had their methods classified as unspecified for all categories
examined, whereas only 22 had reported on all categories. These
22 studies included 21 unique LORR methodologies, meaning
that the methods described for at least one category differed
from every other study in the group (Figure 4).

Discussion

This systematic review showed that in the majority of studies,
LORR methodology was not described completely. The studies
that did provide details used that many different methods for
LORR testing across the 5 categories assessed (animal place-
ment method, behavioral presence of righting reflex, duration
of LORR testing, behavioral LORR, and animal position for
testing LORR). Incomplete and inconsistent reporting limit the
ability to compare results among studies and prevent accurate
study replication. This problem is common in many different
areas of scientific research 214121 Although reporting guidelines
(such as ARRIVE) have been created to address this issue,!!
the introduction of guidelines has not resulted in significant
improvement in reporting.>!417

The completeness of reporting in each methodological
category was disturbingly low. No single specified de-
scription for any category constituted an absolute majority
(>50%) of experiments, with the highest being the specified
description for animal position for testing LORR at 44%
(dorsal recumbency). This was the only category in which
‘unspecified” was not the absolute majority in descriptions,
yet “unspecified” was the most common description in all
experiments (45%). Furthermore, nearly a third of all studies
were not specific about any of the 5 categories we examined,
providing specifics only on the species and method of general
anesthesia used.

Table 3. Summary table for the category ‘behavioral presence of righting reflex”

Percentage of experiments with the
same description out of all

Behavioral presence of righting reflex (n = 750) experiments
Animal returned to sternal recumbency/normal position 13.2 (n = 99)
Animal has ability to right themselves 21 (n = 16)
Ability to perform 2 consecutive righting reflexes 24 (n = 18)
Ability to perform 3 consecutive righting reflexes 8.1 (n = 61)
Righting themselves so any paw touches the surface they were laid on 01 (n=1)
Righting themselves so both forepaws touch the surface they were laid on 01 (n=1)
Righting themselves so at least 3 paws touch the surface they were laid on 0.3 (n = 2)
Righting themselves so all 4 paws touch the surface they were laid on 7.5 (n = 56)
Animal has ability to remain on paws through one rotation 0.3 (n =2)
Return to ambulation 1.3 (n = 10)
When the animal made a purposeful attempt to right themselves 04 (n = 3)
Specific scoring system for righting reflex/depth of anesthesia 4.1 (n = 31)
Specific unique methodology 25 (n =19)
Unspecified 59.2 (n = 444)

Note that whereas there are only 750 total experiments, one experiment can have multiple descriptions (763 total descriptions).
2A list of paper references for each experiment, as well as the full summary table and data table, is available in Tables S1 and S3.
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Table 4. Summary table for the category ‘duration of loss of
righting reflex testing’®

Table 5. Summary table for the category ‘behavioral loss of righting
reflex?

Percentage of experiments
with the same description
out of all experiments

Duration of LORR
testing (n = 750)
LTT LORR was considered to have occurred after:

2s 04% (n = 3)
3s 0.1% (n = 1)
5s 2.8% (n = 21)
8s 0.1% (n = 1)
10s 6.7% (n = 50)
15s 3.6% (n = 27)
20s 0.7% (n = 5)
30s 9.6% (n = 72)

1min 52% (n = 39)
1min 15s 1.3% (n = 10)
2min 0.7% (n = 5)
5min 0.5% (n = 4)
15min 0.1% (n = 1)
20 min 04% (n = 3)
40 min 0.1% (n = 1)
LTI, LORR was tested every:
10s 0.7% (n = 5)
10-15s 0.3% (n = 2)
15s 2.5% (n = 19)
15-30s 0.5% (n = 4)
20s 0.3% (n = 2)
30s 1.7% (n = 13)
1min 1.2% (n = 9)
2min 2.1% (n = 16)
3min 1.1% (n = 8)
4min 0.3% (n = 2)
5min 1.7% (n = 13)
10min 0.3% (n = 2)
12min 0.1% (n = 1)
15 min 04% (n = 3)
30min 0.1% (n = 1)

Both LTT and LTI
Specific unique methodology 1.7% (n = 12)

Unspecified 58.5% (n = 439)

Note that whereas there are only 750 total experiments, one experi-
ment can have multiple descriptions (794 total descriptions).

2A list of paper references for each experiment, as well as the full
summary table and data table, is available in Tables S1 and S4.

Consistency in descriptions was also low in the other
categories. Even in studies with specific descriptions, many
different descriptions were used (Tables 2-6). Twenty-two stud-
ies reported on all LORR categories. Of these, 2 used the same
methodology, but the remaining 20 had at least one different
description. This equates to 21 total unique LORR methodolo-
gies for the 22 studies, emphasizing the inconsistencies between
descriptions of LORR methodology even in studies that reported
completely on their LORR methods.

The category with the highest reporting rate was animal posi-
tion for testing LORR, which had a reporting rate that was over
twice as great as the category with the lowest reporting rate (ani-
mal placement method; Table 1). This result is surprising because
one might expect that the testing position and placement method
would both be described. Descriptions of animal placement

Percentage of
experiments with the

Behavioral loss of righting reflex same description out

(n = 750) of all experiments
Failed to return to sternal 10.1% (n = 76)
recumbency /normal

Failed to return to sternal recumbency/ 0.3% (n = 2)

normal position or lateral recumbency

Animal did not right themselves 7.7% (n = 58)

Animal remained in position for 4.9% (n = 37)

testing of LORR

Animal did not respond when placed 0.3% (n = 2)
in position for testing of LORR
Animal is immobile 0.5% (n = 4)

Animal had at least 3 paws up in the
air while in dorsal recumbency

2.3% (n = 17)

Animal failed to right themselves onto 6.3% (n = 47)

all 4 paws

Animal failed to perform 2 consecutive
righting reflexes

04 (n =3)

Animal failed to perform 3 consecutive 3.1% (n = 23)

righting reflexes

Animal rolled onto side and all 4 paws 04% (n = 3)
left the surface of the rotating tube
Animal rolled on their backs and did 1.1% (n = 8)

not attempt to right themselves

Animal rolled on their backs on at
least 2 out of 5 complete rotations

2.1% (n = 16)
Specific scoring system for righting 2.4% (n = 18)
reflex/depth of anesthesia

Specific unique methodology 5.3% (n = 40)

Unspecified 54.8% (n = 411)

Note that while there are only 750 total experiments, one
experiment can have multiple descriptions (765 total descriptions).
2A list of paper references for each experiment, as well as the full
summary table and data table, is available in Tables S1 and S5.

Table 6. Summary table for the category ‘animal position for
testing LORR"®

Percentage of experiments
with the same description
out of all experiments

435% (n = 326)
45% (n = 34)
1.1% (n = 8)
2.5% (n = 19)
3.5% (n = 26)
0.4% (n = 3)

44.5% (n = 334)

Animal position for testing
LORR (n = 750)
Dorsal recumbency

Lateral recumbency

Ventral recumbency

Dorsal or lateral recumbency
Constantly rolling

Specific unique methodology
Unspecified

Note that while there are only 750 total experiments, one experi-
ment can have multiple descriptions (750 total descriptions).

2A list of paper references for each experiment, as well as the full
summary table and data table, is available in Tables S1 and Sé.

methods may be underreported due to the common practice of
placing animals by hand into the required test position. However,
without a specified description, this remains an assumption. Only
7 of 750 experiments explicitly state that researchers used their
hands to place the animal into the test position.

Complete reporting of study methods is fundamental to
enabling experimental replicability and informing future
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22 Studies with Completely n=1

Reported LORR Methodology

n4_3’[

Animal is
Constantly Rolling

n=1 -
LTT: 1 min 15 s
n=1

]7 LTT: 3 min

n=1 Animals in n=15
Dorsal/Lateral
Recumbenc

Unique Methodology due to

( N
] n! .| Animal Lost Ability to

described LTT and/or LTI Return to All Four Paws
g J

Animals in Dorsal

n=19

LORR Testing
Position

Recumbency —_— p N
n=2* LTT: 30 s n=1 |  Animal Lost Ability to
LTL: 15 s Right Themselves
n= 2*/—\ _5 (" N\
LTT: 10s n R Same LORR
LTI: 2 min Methodology

LTT: LORR Testing Threshold

LTI: LORR Testing Interval

Behavioural Description of LORR

Figure 4. Tree diagram consisting of information from the 22 studies that fully reported each of the 5 categories for describing loss
of righting reflex (LORR): 1) animal placement method, 2) behavioral presence of righting reflex, 3) duration of LORR testing,
4) behavioral LORR, and 5) animal position for testing LORR. To see the 22 studies used in this diagram, see Table S2. n = number of studies.

*Studies that had the same descriptions for categories 1 and 2.

investigations in the field. The first version of the ARRIVE
guidelines was published in 2010 to address the issue of incom-
plete reporting in animal research.!> However, the existence of
reporting guidelines, accompanied by widespread publicity,
has improved reporting to a very limited extent.>!#19-2! Unlike
a previous study,'* our analysis revealed no difference in report-
ing completeness among studies published before or after the
creation of the ARRIVE guidelines. Our analysis was simply
intended to determine whether availability of the guidelines
had resulted in a significant increase in the completeness of
methodology reporting. Therefore, our analysis, which used a
time frame intended to allow such comparison, indicates that,
at least in terms of LORR reporting, the available guidelines
have had little impact.

The major issue uncovered in our analysis was the incom-
pleteness of LORR methodological reporting, given that even
small differences in LORR methodology can lead to substan-
tial differences in results. Two pre-2015 studies that provided
substantial detail of their methodology both assessed LORR
duration after administration of an intraperitoneal injections
of 50g/kg of pentobarbital in male Sprague-Dawley rats.”?
Despite consistency of many key factors (sex, species, strain,
drug, dose, injection route, initial animal position, similar age,
and weight), one reported a LORR duration of 148 +3 min
(mean + SD) and the other reported a LORR duration of
103 +3min (mean + SD).”?® This 45-min difference in LORR
durations under nearly identical conditions could be partially
attributed to differences in how recovery from LORR was de-
termined. One paper stated, “timing was terminated when the
animals could right themselves three times in 30sec.”?® The other
stated, “return of righting reflex was recorded when the animal
had righted itself three times within 1 min.”® Because one study
allowed twice the time for righting as did the other, the shorter

LORR duration results in one study might be expected. This
example highlights how slight changes in LORR methodology
can greatly influence the results reported.

Given the variability of LORR methods revealed by our
analysis, recommendation of a specific LORR methodology is
compromised by the lack of research that directly compares
different methodologies. For instance, while manual position-
ing an animal during LORR assessment might provide a source
of stimulation, the extent to which this might affect testing as
compared with an automated rotating chamber is unknown.
However, studies might be more easily compared if the most
frequently specified descriptions for LORR testing were used.
Specifically, this would mean that testing consists of placing an
animal in dorsal recumbency using a container. If the animal
rights itself to sternal recumbency within 30s, the righting re-
flex is intact. If the animal fails to return to sternal recumbency
within 30s, the righting reflex is lost.

This study was conducted under some limitations to avoid
making biased assumptions about experimental reporting.
We were strict in identifying items considered ‘unspeci-
fied.” For example, if a study did not describe LORR but did
describe the presence of a righting reflex, LORR was still
classified as unspecified. This approach may have underesti-
mated the completeness of LORR methodological reporting,
but we wanted to avoid false assumptions and instead rely
on what was specifically reported. This approach also al-
lowed identification of studies that did provide a complete
description of the methods.

In conclusion, this systematic review identified longstanding
persistent problems in the reporting of LORR methodology.
These results suggest considerable limitations to study replica-
tion and comparison between studies due to the incompleteness
of reporting and inconsistency in methods for LORR.
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