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Abstract.
BACKGROUND: Exercise is a first-line treatment for chronic non-specific low back pain (CNSLBP). Exercise combined with
specific breathing techniques have the potential to improve multifactorial outcomes. No previous studies, however, have compared
outcomes between identical exercises with or without a specific breathing protocol in a uniform clinical study setting.
OBJECTIVES: 1) To investigate the feasibility of combining synchronized breathing with movement control exercises and
evaluate eligibility criteria, randomization procedures, and dropout rates. 2) To study the preliminary efficacy of the interventions
on multifactorial outcome measures.
METHODS: Thirty subjects with CNSLBP were randomized into two groups. Both groups had four contact clinic visits
where they received personalized home movement control exercises to practice over two months. The experimental group
included a movement control exercise intervention combined with synchronized breathing techniques. Trial registration number:
NCT05268822.
RESULTS: Feasibility was demonstrated by meeting the recruitment goal of 30 subjects within the pre-specified timeframe with
enrolment rate of 24.8% (30/121). Synchronized breathing techniques were successfully adhered by participants. Home exercise
adherence was nearly identical between the groups without any adverse events. Preliminary efficacy findings on pain intensity,
disability, and self-efficacy in the experimental group exceeded the minimal clinically important difference. No such findings were
observed in any outcome measures within the control group. Overall, multifactorial differences were consistent because nine out
of eleven outcome measures showed greater improvements for the experimental group.
CONCLUSION: The synchronized breathing with movement control exercises protocol was feasible and may be more beneficial
for improving multifactorial outcomes compared to identical exercises alone. Results suggested progression to a full-scale trial.
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1. Introduction

Chronic non-specific low back pain (CNSLBP) is
the most prevalent musculoskeletal pain syndrome [1,
2]. It is widely recognized that different biopsychoso-
cial factors lead to CNSLBP [3]. Exercise therapies,
including movement control exercises utilized in this
study, are the most used conservative interventions to
treat CNSLBP and have small-to-moderate treatment
effect sizes on pain intensity and disability [4,5,6,7].
The modest effectiveness of existing pain treatments
has been a major challenge, so there has been a call for
novel solutions to promote more effective management
strategies for CNSLBP [5,8].

Exercise interventions incorporating specific breath-
ing techniques, like yoga and Pilates, are among the
most effective exercises for treating CNSLBP [9,10,11,
12]. These exercises include specific breathing tech-
niques combined with movement, which may have mul-
tifactorial effectiveness beyond CNSLBP core outcome
measures of pain and disability [13,14,15,16,17,18].
Previous studies are limited in their ability to directly
test the effectiveness of specific breathing techniques
due to study cohort demographics, contextual factors
(e.g., clinic environment, therapists experience and at-
titudes), exercise (e.g., content, duration) and the add-
on breathing protocols are very heterogenous [19,20,
21,22]. Because of this, this study carefully designed
and conducted the current study with substantial efforts
to monitor and promote identical exercise programs
in uniform study groups and clinical settings to study
the feasibility of specific breathing add-on and quan-
tify possible multifactorial changes in patient-reported
outcomes measures (PROMs). There are no previous
studies that have compared the outcomes of identical
exercises with or without specific breathing techniques
in a uniform clinical study setting.

Study objectives: (1) To investigate the feasibility
of combining synchronized breathing with movement
control exercises and evaluate eligibility criteria, ran-
domization procedures, and dropout rates. (2) To use a
daily diary to quantify type and adherence to home ex-
ercises as well as monitor pain medication, other treat-
ment modality usage, and possible adverse events dur-
ing exercise. (3) To quantify the changes in PROMs to
help determine whether progression to a full-scale trial
is warranted as well as to inform the choice of the most
relevant and responsive PROM for a larger-scale study.

2. Methods

2.1. Trial design

The design for this study was a parallel group, single-
blind, randomised pilot trial with a two-month interven-
tion period. Similar to most behavioural interventions,
the therapist was not blind to treatment assignment, but
the statistical analyst and outcome assessors were blind
to study condition. Participants were unaware of the
differences between the two intervention groups, which
was intended to match engagement and expectations
of benefit across groups. Eligible participants were al-
located at a 1:1 ratio with simple randomization to a
movement control exercise group (control group) or to
a movement control exercise group that included syn-
chronized breathing (experimental group). Participants
attended four one-on-one sessions (30-min per session,
about biweekly) over the course of eight weeks to prac-
tice their assigned intervention with a clinician. These
sessions occurred in a single private chiropractic clinic
and were conducted by the same clinician who pro-
vided individualized feedback and guidance about the
exercises. All participants were asked to practice their
assigned movement control exercises (with and with-
out synchronized breathing) every day for eight weeks.
More information about the trial design is included in
the publication for this protocol [23]. Trial registration
number: NCT05268822. Registered on 8th February
2022, https://clinicaltrials.gov/study/NCT05268822.

2.2. Eligibility criteria

The subjects were eligible for the study if they met
all inclusion and no exclusion criteria

Inclusion criteria:
– Males and females aged 18–68 years;
– Low back pain at least more than three days in a

week and lasting more than three months;
– A numerical pain scale of 4 or higher on a scale

of 0 to 10 to prevent floor effects in outcome mea-
surement [24];

– Roland-Morris Disability Questionnaire score of
5 or higher on a scale of 0 to 24 to prevent floor
effects in outcome measurement [25];

– Physically able to perform movement control tests
and provide written informed consent;

– > 2/6 positive low back movement control tests
as described by Luomajoki et al. [26,27,28].
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Exclusion criteria:
– Any history of malignancy;
– Previous diagnosis of neurological disease affect-

ing the central nervous system (MS, dementia);
– Previous diagnosis of rheumatic disease (fibro-

myalgia, ankylosing spondylitis/rheumatoid arthri-
tis);

– Chronic obstructive pulmonary disease or other
disease that affect the lungs and cause difficulties
of breathing;

– Spinal surgery in the last 12 months;
– Cardiac pacemaker;
– Pregnancy;
– Signs and symptoms of lumbar nerve root pathol-

ogy during the eligibility assessment with a neu-
rological examination at the clinic [29].

2.3. Data collection

The data collection was carried out from 16th Febru-
ary 2022 to 20th December 2022. The subjects were
recruited from the Finnish Spine Association, pain peer
support group, by authors, and other healthcare col-
leagues who promoted the study on their web pages and
social media. Eligible subjects meeting the study cri-
teria were invited to read the subject information sheet
and consider enrolling in the study. Enrolled subjects
booked eligibility assessment appointments at the first
author’s clinic, where written consent for the study was
given. After written consent, a neurological examina-
tion of nerve root pathology and low back movement
control clinical tests were performed as described by
Luomajoki et al. [31,32]. These tests include a battery
of six standardized clinical tests, which enable reli-
able quantification of the severity of movement control
impairment from zero to six according to number of
positive tests [26].

After the clinic visit, the subjects completed PROMs
at home on the webpages of Nordhealth Connect, which
is a Finnish company providing an electronic platform
with strong electronic authentication for data collection
and storage. The subjects meeting the inclusion criteria
and no exclusion criteria subsequently were invited to
book their first research appointment via the internet
calendar booking system according to their timetables.
Recruitment and data collection are described in more
detail in the previous protocol publication [23].

2.4. Outcome variables

2.4.1. Demographics, pain history, and home diary
Each subject completed structured web-based pain

history questions, which asked dichotomous yes/no

questions to determine whether they belonged to the
CNSLBP group, which was defined as having low back
pain present for more than three days per week for more
than three months [30,31]. Demographic questions in-
cluded age in years, height in centimetres, weight in
kilograms, and educational level on a scale; 1. Ele-
mentary school 2. High school or vocational school 3.
Lower university degree 4. Higher university.

Identical daily home diaries for the two-month study
period were used to monitor:

(I) The regularity and estimate of the amount of
time spent in minutes per day on home exer-
cises;

(II) Use of pain medication (frequency of use, type,
dose);

(III) Other treatments or co-interventions for the
treatment of pain (e.g. massage, chiropractic,
other manual therapy, physiotherapy);

(IV) Possible adverse events and injuries related to
the movement control exercises at home.

2.4.2. Patient-reported outcome measures
Minimal detectable change (MDC) and/or minimal

clinically important difference (MCID) values are in-
cluded in each PROM if these are established for low
back pain.

1. Numerical pain rating scale (NRPS). The NRPS
is a widely used subjective assessment of pain. It
is an 11-point scale ranging from 0 (no pain) to
10 (worst imaginable) [32]. More than a 1.5-point
change represents MDC [33] and a 2-point repre-
sents MCID in subjects with low back pain [24].

2. The Roland-Morris Disability Questionnaire
(RMDQ) is a 24-item questionnaire used to eval-
uate low back pain-related disability. The scale
ranges from 0 (no disability) to 24 (maximum low
back pain-related disability) [34,35]. The MCID
is estimated to be a change of 2 to 3 points com-
pared to the baseline score for low back pain pa-
tients [36].

3. The Central Sensitization Inventory (CSI) was
developed as a screening tool for central sen-
sitisation [37]. It is a two-part questionnaire in
which part A contains 25 questions on central
sensitization-related symptomology using a Lik-
ert scale from 0 = never to 4 = always. The total
score ranges from 0 to 100 with higher scores in-
dicating more severe central sensitization. Part B
includes ‘No/Yes’ and ‘year diagnosed’ questions
about previous diagnoses related to CS-related
disorders [38]. MDC varies from 5.9 to 8.9 be-
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tween different low back pain populations [39].
The CSI has been translated into Finnish and vali-
dated among a Finnish CNSLBP population [40].

4. The Generalized Anxiety Disorder Assessment
(GAD-7) is a self-reported measure of generalised
anxiety disorder – related symptoms. The items
are rated over the preceding two weeks from not
at all = 0 to 3 = nearly every day. Thus, the total
scale ranges from 0 (the most minimal anxiety)
to 21 (the most severe anxiety) [41]. The MCID
score for GAD-7 is 4 [42]. The GAD-7 has been
adapted and validated in Finnish [43].

5. The Tampa Scale of Kinesiophobia (TSK) is
used for the assessment of subjective kinesiopho-
bia (fear of movement). It has 17 statements re-
lated to kinesiophobia, with answers ranging from
‘strongly disagree’ to ‘strongly agree’. Thus, the
total range is from 17 (minimal kinesiophobia) to
68 (maximal kinesiophobia) [44]. The MDC score
is 8 [45] and the MCID score TSK is 5.5 [46].
The TSK has been translated into and validated in
Finnish [47].

6. The Pain Catastrophizing Scale (PCS) is used to
assess the tendency to magnify the threat value
of a pain stimulus. Thirteen items are scored on
a Likert scale from 0 to 4, producing total scores
from 0 (no catastrophizing thoughts) to 52 (max-
imum catastrophizing thoughts) [48]. The MDC
score is 8 [48]. The PCS has been translated into
Finnish but has not been cross-culturally vali-
dated. This study is part of its cross-cultural vali-
dation in Finnish.

7. The Pain Self-Efficacy Questionnaire (PSEQ) in-
cludes 10 items to assess the self-efficacy that peo-
ple in pain have in their daily activities. The scale
ranges from 0 points (not at all confident) to 6
points (completely confident). The PSEQ applies
to all chronic pain conditions but has mostly been
validated on CNSLBP populations with MCID
scores of 5.5 to 8.5 [49]. The PSEQ has been
translated into and validated in the Finnish lan-
guage [50].

8. The Pain and Sleep Questionnaire Three-Item In-
dex (PSQ-3) directly assessed the impact of pain
on sleep during the previous week. The three
items are “1. How often have you had trouble
falling asleep because of pain?”, “2. How of-
ten have you been awakened by pain during the
night?”,”3. How often have you been awakened by
pain in the morning?”. The possible answers range
on a scale from 0 indicating “never” to 10 repre-

senting “always”. The scale ranges from 0 (pain
does not affect sleep) to 30 (pain has maximum
effect on sleep) [51]. The PSQ-3 has been trans-
lated into Finnish and validated among a Finnish
CLBP population [52].

9. The first part of the EuroQol (EQ-5D-5L) is used
to assess five dimensions of health-related qual-
ity of life [53] – mobility, self-care, usual activ-
ities, pain/discomfort and anxiety/depression –
on a Likert scale (0 = no problems, 1 = slight
problems, 2 = moderate problems, 3 = severe
problems, 4 = unable/extreme problems). The EQ
visual analogue scale (EQ VAS) is the second part
of the EQ-5D-5L [53]. As a standard value set has
not yet been studied for the Finnish population, a
value set from the Danish population was used to
calculate the index value. This is recommended
by the EuroQol EQ-5D-5L User Guide [54].

10. The Well-Being in Pain Questionnaire is a self-
developed 11-item questionnaire to assess the ef-
fects of pain on a subject’s biopsychosocial well-
being using a Likert scale from 0 = never to 4 =
always. Thus, total scores range from 0 (no sub-
jective well-being in pain) to 44 (maximum sub-
jective well-being in pain). The questionnaire is a
novel measurement developed by the first author
and collaborators and the PROMs validation is in
process.

2.5. Interventions

Both study groups received movement control exer-
cise protocol. Exercises were based on standardized and
reliable low back movement control tests by Luomajoki
et al. [26,27,28]. The movement control exercise goal
is to train coordination of the spine, pelvis, hips and
limbs to avoid ongoing nociceptive input secondary to
suboptimal tissue loading [55]. The movement control
exercises are intended to treat flexion, extension, and/or
lateral flexion – rotational movement impairments ac-
cording to test findings [28]. Exercises included 2–4
sets and 6–10 repetitions based on the therapist’s judge-
ment of a participant’s ability to perform the exercise
from exercises published in protocol. In-clinic exercise
sessions occurred bi-weekly after the first visit (i.e.,
weeks 1, 2, 4, and 6). Movement exercises, their clini-
cal application, and the theoretical background of mal-
adaptive movements that contribute to CNSLBP are
described in more detail in the protocol publication of
this study [23] and previous movement control clinical
studies [55,56,58].
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Fig. 1. Flow diagram.

The synchronized breathing techniques in the exper-
imental group included instructions to breathe through
one’s nose, with abdominal breathing, and synchronize
breathing with each movement. These instructions are
consistent with principles of multiple therapeutic yoga
styles [59,60,61] and breathing exercises often used
in healthcare settings [62]. The main practical aim of
synchronized breathing with movement control exer-
cises protocol was to keep it as easy as possible so it
could be adapted to other exercise treatment protocols
in the future. Detailed instructions for synchronization
of the breathing cycle for each specific movement con-
trol exercise are provided in the previously published
protocol [23].

2.6. Data analysis

Statistical analyses were conducted using SPSS ver-
sion 25 (IBM Corp., Armonk, NY, USA). Descrip-
tive statistical methods were used throughout this pi-
lot study, which was based on data analysis recom-
mendations of CONSORT 2010 statement: extension to
randomised pilot and feasibility trials [63]. Data were

reported as n (%) or means with standard deviations
(mean ± SD or 95% confidence interval, lower and up-
per bounds). Feasibility was assessed as rates of inter-
vention completion and exercise adherence. MDC and
MCID in outcome variables were calculated as within-
group differences from post-intervention to baseline.
Consistent with the goals and recommendations for con-
ducting pilot feasibility studies, no inferential statistics
were presented [63,64].

3. Results

One-hundred twenty-one subjects with NSCLBP
were assessed for eligibility. Thirty eligible subjects
were allocated with a 1:1 ratio using simple randomi-
sation to either movement control exercises only (con-
trol group) or movement control exercises with syn-
chronized breathing (experimental group). Between the
two groups, 16 subjects were allocated to the control
group and 14 subjects were allocated to the experimen-
tal group with add-on synchronized breathing. Fourteen
subjects finished (2 drop-outs) in the control group and
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Table 1
Baseline demographics, analgesics and other intervention usage of study groups

Control group with movement
control exercises only

(n = 13)

Experimental group with movement
control exercises and synchronized

breathing (n = 9)
Age 53.5 ± 9.7 50.1 ± 11.9
Gender 8 females (57%) 6 females (67%)
Height 173 ± 8.9 170.4 ± 3.5
Weight 75.9 ± 14.9 76.4 ± 9.3
Body mass index 25.4 ± 3.2 25.8 ± 2.8
Education level 2.8 ± 1.1 3.3 ± 0.71
Paracetamol and NSAIDS mean days per subject 6.4 10.8
Muscle relaxants and anti-depressants mean days per subject 6.1 9.7
Weak opioids mean days per subject 0.2 0.3
Other therapies 0.6 0.7

Educational level categories: 1. Elementary school 2. High school or vocational school 3. Lower university degree 4. Higher university degree. The
mean usage of analgesics per subject is calculated as total usage in days divided by subjects per group. NSAIDS = non-steroidal anti-inflammatory
drugs. Other therapies include physiotherapy, chiropractic or other manual therapies, and massage therapy Therapies reported the number of
sessions per subject during two-month study period.

9 subjects (5 drop-outs) finished in the experimental
group and therefore were included in the final analysis
after two-month study period. Figure 1. Flow diagram.

As shown in Table 1, demographics of age, gender,
height, weight, body mass index, and education level
were equivalent between groups. Groups were similar
in analgesics usage and use of other therapies during
the two-month study period. There were only minor
differences in analgesic usage between groups at base-
line and within study groups between the first and sec-
ond months of the study. The mean days of Paraceta-
mol and NSAIDs per subject increased by 0.4 days per
month in the control group and decreased by 0.8 days
per month in the experimental groups. Muscle relaxants
and antidepressants per subject decreased by 1.1 days
per month in the control group and by 1.5 days per
month in the experimental groups. Weak opioids usage
remained the same in the control group and decreased
by 0.1 days in the experimental groups.

All study subjects received 8 to 14 different move-
ment control exercises across four in-clinic sessions.
Table 2 shows comparable specific types of home exer-
cises between study groups. Mean exercise adherence
per day was calculated from daily diary data and was
found to be very similar in both groups. Mean exercise
adherence was 16.7 minutes per day per subject for
the control group and 17.1 minutes per day per sub-
ject for the experimental group. The number of posi-
tive movement control tests was similar between groups
at baseline (control group; 3.7 ± 1.3 vs. experimental
group; 3.2 ± 0.8) and post-intervention (control group;
0.4 ± 0.1 vs. experimental group; 0.4 ± 0.1) indicating
virtually identical improvement in movement control
between groups. No adverse events were reported in
either group during the study.

Table 3 displays mean changes and group differ-
ences from baseline to post-intervention. Changes in
outcomes with established MDC and MCID criteria are
indicated in Table 3. Worth noting, that both groups ex-
ceeded an MDC in pain intensity from baseline to post-
intervention. Only the experimental group had an MCID
in pain intensity (NRPS), disability (RMDQ), and self-
efficacy (PSEQ) from baseline to post-intervention. The
other largest mean differences between groups, with
greater improvements in the experimental group, were
for sleep quality, quality of life, and well-being where
there are no established MDC and MCID values for
subjects with low back pain. Both groups had relatively
large decreases in pain catastrophizing following the in-
tervention with the experimental group showing MDC.
Overall, group multifactorial differences were consis-
tent because nine out of eleven PROMs showed better
results for the experimental group. The results of central
sensitization and anxiety favouring the control group
were very small.

4. Discussion

This pilot study showed that previously published
feasibility criteria [32] were met. The intervention ad-
herence rates and daily exercise time were equivalent
across both groups, which suggests that the addition of
synchronized breathing techniques with the movement
control exercises was acceptable and did not add a sig-
nificant participant burden. Eligibility criteria were nei-
ther too inclusive nor restrictive to recruit subjects in a
reasonable time frame. We achieved recruitment target
of 30 study subjects in less than one year after screen-
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Table 2
Comparison of exercises chosen by the therapist across study groups

Flexion Extension Lateral flexion and rotation

A. Waiters bow

1. 98%
2. 78%

Pelvic tilt

1. 54%
2. 44%

One leg stance with
weight shift

1. 100%
2. 89%

B. One leg raise on standing

1. 38%
2. 44%

Lunge

1. 31%
2. 44%

Transverse lunge

1. 100%
2. 89%

C. Squat

1. 87%
2. 67%

All fours forwards

1. 92%
2. 100%

All fours rotation

1. 92%
2. 67%

D. Leg extension on sitting

1. 0%
2. 11%

All fours forward arm raise

1. 31%
2. 44%

All fours knee sideway
raise

1. 15%
2. 22%

E. All fours backwards

1. 100%
2. 78%

All fours leg raise back-
wards

1. 23%
2. 56%

Prone knee hip internal
rotation

1. 0%
2. 0%

F. All fours hip flexion

1. 38%
2. 44%

All fours alternative leg
and arm raise

1. 23%
2. 33%

G. Camel exercise

1. 62%
2. 56%

Cat exercise

1. 23%
2. 33%

8. Dead bug exercise

1. 69%
2. 33%

Prone knee flexion

1. 31%
2. 22%

9. Kneeling forward bend-
ing

1. 46%
2. 22%

Bridge

1. 38%
2. 56%

1 = Control group with movement control exercises only. 2 = Experimental study group with movement control exercises and synchronized
breathing. The percentage of subjects receiving this type of exercise during the study.

ing 121 potentially eligible subjects. Simple randomi-
sation was feasible but resulted in an error and slightly
unbalanced study groups. All subjects completed and
returned the daily diary assessments. The dropout rate
in this study was 27% for the control group and 36% for
the experimental group. Three subjects dropped out in
the experimental group due to a COVID-19 diagnosis
and one subject dropped out in the control group due
to an unexpected surgery. In both groups, two subjects
were lost after the study period due to loss of contact.
Naturally, the dropout rate in this smaller-scale study

was more sensitive to random incidents and does not
suggest that people withdrew because of the interven-
tion differences (e.g., because synchronized breathing
was too difficult to comprehend or it included other
significant burden).

This pilot study was not powered to test for differ-
ences in the efficacy between groups, however, the pre-
liminary findings provide information regarding the
plausibility of clinically meaningful effects following
each intervention [65]. The largest group differences
favouring the experimental group were in pain intensity,
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disability, catastrophizing, sleep quality, self-efficacy,
and health-related quality of life. Interestingly, these
include all core PROMs of CNSLBP [4]: pain intensity,
disability, and quality of life. The group differences that
were observed were likely due directly to the synchro-
nized breathing, because movement control exercises
and adherence, and contextual factors related to the
therapist, clinical setting, analgesic usage, or partici-
pation in other interventions were matched across both
groups. To support findings in some extent, improve-
ments in the movement control exercises alone are con-
sistent with a recent meta-analysis showing equivalent
effects on pain intensity and disability for those with
CNSLBP [7].

Synchronized breathing protocol is feasible and eas-
ily accessible and could be incorporated into these other
exercise therapies with little extra training for therapists,
without extra equipment, additional costs, or increased
risk of injury for subjects.

The promising findings of this pilot study encourage
the development of larger-scale studies that incorporate
synchronized breathing techniques add-on with exercise
in the treatment of CNSLBP. Like any small-scale pilot
study, replication of findings related to multifactorial
outcome measures within and between groups remains
to be answered in future larger-scale studies with a
variety of pain populations and different study designs.

4.1. Strengths and limitations

The major strengths of this study were: (i) Easy-
to-implement synchronized breathing with movement
evidence-based exercises, (ii) well-documented iden-
tical movement control assessment and exercise pro-
grams, (iii) detailed study of demographics, exercise
content, adherence, safety, and analgesics and other
therapy usage without contextual differences in clinic
or therapist. A major limitation is the lack of interven-
tion blinding for the therapist and subjects, which is not
generally possible in exercise intervention studies [66].

5. Conclusions

This pilot study met feasibility criteria in terms of
implementing the study protocol with satisfactory par-
ticipant recruitment and retention rates. Home exer-
cise adherence was nearly identical between the groups
without any adverse events. Preliminary efficacy find-
ings related to pain intensity, disability, and self-efficacy
exceeded minimal clinically important difference. Out-
comes of sleep quality, quality of life, and well-being
where there are no published minimal clinically impor-

tant difference values for subjects with CNSLBP were
also promising. These findings taken together support
the progression to a full-scale study.
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