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Abstract

Objectives: Exercise can be used as a treatment for depressive symptoms in the general
population. However, little is known as to whether exercise has mental health benefits for
adults experiencing chronic low back pain (CLBP). The aim of this study was to examine the
feasibility of two intervention protocols commonly used in clinical practice for treating

chronic low back pain, but with differing exercise dose, on depressive symptoms.

Methods: Forty men and women (mean age = 35) experiencing chronic persistent (>3
months), non-specific low back pain were recruited into a randomised clinical trial during
2015-2016. Participants were randomised to receive motor control (low-dose exercise) and
manual therapy (n = 20), or general strength and conditioning training (moderate-dose
exercise) (n = 20). Depressive symptoms were assessed fortnightly throughout a 6-month
follow-up period using the Centre for Epidemiologic Studies Depression Scale (CES-D 10).
Linear mixed models were used to examine within-group and between-group changes in

depressive symptoms.

Results: Mean CES-D 10 score at baseline was 9.17 (SD = 4.32). There was evidence of a
small decrease in average depressive symptoms over time (B -0.19 per fortnight, 95% Cl = -
0.34,-0.02). However, there was no evidence that change over time was dependent on

treatment group.

Conclusions: Reduction in depressive symptoms amongst adults with CLBP occurred with
both treatment methods (motor control [low-dose exercise] and manual therapy; or general
strength and conditioning [moderate-dose exercise]). Further interventions including a true
control group are needed to draw conclusions as to the effectiveness of each of these

treatment methods on depressive symptoms amongst adults with CLBP.
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Introduction

Globally, approximately 322 million people experience clinically diagnosed depression [1].
This mental illness impacts on various life domains including work productivity [2], personal
relationships, and overall quality of life [3], and increases risk of suffering co-morbidities
including cardiovascular disease [4], anxiety [5], and pain symptoms [6]. Adults experiencing
chronic non-specific low back pain (CLBP) are three to four times more likely to suffer from
clinical depression compared to the general population [7]; whilst clinical depression in
adults experiencing chronic pain is linked to greater pain intensity, longer duration of pain
and more pain complaints [6]. Further, among adults who have previously experienced low
back pain, those with depression or heightened depressive symptoms have a greater chance
of developing new episodes of lower back pain compared to non-depressed individuals [8].
Therefore, it is important to identify and test strategies to reduce the risk of clinical

depression and/or depressive symptoms amongst those with CLBP.

Treatment modalities for depression (both clinically diagnosed and heightened depressive
symptoms) in adults experiencing CLBP include pharmacological (e.g. anti-depressant
medication) and psychological therapy [6]. However, non-compliance, cost and potential
side-effects can limit uptake and adherence to these methods. Another less explored
depressive symptom treatment for adults experiencing CLBP may be exercise. In the general
population (i.e. those not experiencing chronic pain), exercise has been established as
having a large effect on reducing depressive symptoms [9]. A review of 25 randomised
controlled trials (RCT’s) showed that interventions that included either aerobic exercise or
mixed (aerobic and resistance training) modes of moderate to vigorous intensity, and were
supervised by exercise professionals had the largest effects on reducing depressive
symptoms [9]. An increasing body of evidence has indicated that resistance training can also
reduce depressive symptoms amongst adults experiencing minor or major depression [10],

although relatively few studies exist.

There is limited evidence of the effectiveness of exercise interventions for improving mental
health (e.g. depressive symptoms) among populations experiencing chronic pain (such as

those with CLBP), and of the few studies that do exist, findings have been mixed. [11]. For



example, studies have shown that aerobic exercise programs resulted in decreased long-
term depressive symptoms in adults with fibromyalgia (i.e. a disease characterised by
extensive pain) and those experiencing low back pain respectively [12, 13]. In contrast,
Focht et al found that walking and strengthening exercises did not improve acute
psychological well-being amongst obese older adults with knee osteoarthritis [14]. Given the
possible mental health benefits exercise may induce amongst individuals with CLBP, further
studies are needed to determine the effectiveness of exercise for reducing depressive

symptoms in this population group.

There is some evidence to show that manual therapy (i.e. a specialised field of physical
therapy used for management/treatment of neuro-muscular issues [15]) may result in a
moderate reduction of depressive symptoms amongst patients with tension-type headache
[16]. Among adults with CLBP, manual therapy has been shown to improve function and
reduce pain [17], which could theoretically lead to improvements in depressive symptoms.
Since individuals with CLBP are likely to receive manual therapy (typically delivered in
conjunction with motor control exercise) for the treatment of back pain, utilising this
method as an approach to reduce depressive symptoms in this high-risk target group may
hold promise. Yet the evidence-base regarding the efficacy of manual therapy/motor
control exercise on treating depression/depressive symptoms is currently limited [16].
Therefore, the aim of this study was to examine the feasibility of two different treatment
protocols typically used for treatment of back pain (motor control [low-dose exercise] and
manual therapy; or general strength and conditioning [moderate-dose exercise]) for

improving depressive symptoms in adults with CLBP.

Methods

Analyses in this study were based on data collected formerly from a trial exploring a range

of other primary outcomes [18].

Study design



This randomised feasibility trial with a 6-month follow-up comprised two exercise treatment
(intervention) groups (motor control and manual therapy, MCMT; or general strength and
conditioning, GSC). Repeated assessments were performed at baseline, 3- and 6-months, as
well as fortnightly assessments on selected variables. The study was approved by the Deakin
University Human Research Ethics Committee and registered with the Australian New
Zealand Clinical Trials Registry (ACTRN12615001270505; Date registered 20/11/2015). The
full study protocol has been published previously [18] and is summarised briefly below.
There were no changes to methods or trial outcomes after the trial commenced and no

unintended effects as a result of the trial.

Participants

In November 2015 to December 2016 participants were recruited into this study, based on
the following inclusion criteria: 1) men and women (aged 25 — 45 years), 2)living in the inner
and Eastern suburbs of Melbourne, Australia, 3) experiencing non-specific chronic (>3
months) low back pain (located between the T12 vertebra and gluteal fold). The age range
25 — 45 years was selected due to one of the trial’s primary outcomes measuring disc
degeneration. Various recruitment methods were utilised to identify participants, including:
print and web-based advertising (including in local businesses and medical centres located
in inner and Eastern suburbs of Melbourne), emails sent to University staff and students,
social media posts (including Twitter and Facebook), and word of mouth. Potential
participants registered their interest via the study website and were then screened for
eligibility by a researcher via telephone according the specified inclusion/ exclusion criteria

(see Table 1).



Table 1. Exclusion criteria for the study

Exclusion criteria

e History of or planning (within 6 months) invasive spinal surgery

e Had a previous traumatic spinal injury

e Currently experiencing symptoms of cauda equine syndrome or nerve root
compression

e Diagnosed with structural scoliosis

e Currently receiving treatment for back pain

e Undertaking more than one day per week of gym-based exercise or organised sport

e Currently meeting the physical activity guidelines of 150 minutes per week of
moderate-vigorous physical activity

e Unable to communicate in English

e Has a compensable claim for their back pain

e Currently or possibly pregnant or planning a pregnancy within 6 months

e Less than 9 months postpartum or currently breastfeeding

e Currently smoke

e Has known anaemia

e Weigh more than 120kg

e History of seizures or epilepsy, stroke, head injury or brain-related disorders

e Currently taking medication for any mental illness

e Unable to commit to the full program and assessment days (including those who
were unsuitable for an MRI such as having metal or electronic implants or had

nuclear medicine in the previous 3 months)




This study is based on an exploratory analysis of a secondary outcome. Sample size
calculations for the trial were conducted for the primary outcome (lumbar IVD T2-time).
These sample size calculations indicated that 40 participants (20 in each arm) were required
to detect a difference between groups of 0.5%, or an effect size of 0.041 (alpha = 0.05,
power = 0.80), assuming a 10% loss to follow-up. This was based on a continuous outcome,
measured at three time points. Using the formula of Ahn et al. [19], a sample size of 40 (or
36 allowing for the 10% loss to follow-up) was found to provide 80% power to detect a
minimum difference in group slopes (i.e., coefficient of time for each of the trial arms) of
between 0.29 and 0.62, assuming 13 measurement occasions for each participant (as was
planned in the trial for the CESD-10 outcome) and standard deviations of 5.5 for the
outcome CESD-10 (based on data from Teychenne et al. [20]) and 3.74 for time (based on
the proposed 13 time-points of data collection). Due to uncertainty about the sizes of the
within-subject correlation and ratio of the random slope variance to the sum of the other
variance terms required, these parameters were allowed to vary in sample size calculations.
Within-subject correlations of 0.2, 0.4 and 0.6 and ratios of 0.001, 0.005 and 0.01 were
considered, based on estimates from other studies[20], resulting in the range in minimum

detectable difference presented above.

Of the 469 interested participants, 40 (21 men and 19 women) met full entry criteria and

agreed to participate (see Figure 1). Written consent was provided by all participants.

Fig 1. Participant recruitment flowchart

Randomisation

Randomisation was performed by an offsite researcher external to the University and the
treatment sites to minimise contamination. Block randomisation (with block lengths of 4 or
6 in random order, and stratifying by sex) was conducted, to maximise the chance that

equal numbers of participants would be allocated to each treatment group (i.e. MCMT or



GSC) in equal gender proportions. . Concealed allocation was then implemented by the
offsite researcher. Blinding of participants or therapists was not possible given the nature of

the treatment.

Interventions
Motor Control (low-dose exercise) and manual therapy (MCMT)

Participants in the MCMT group (n = 20) undertook 12 x 30-minute physiotherapy sessions
(one-to-one with a physiotherapist) following established protocols for treatment of chronic
low back pain [21]. A total of 10 x 30 minute sessions were delivered in the first three
months (approximately weekly sessions), with two sessions in the final three months spaced
every 4 - 6 weeks. Frequency of treatment sessions was determined as clinically relevant
and tailored to the participant, which represents an ecologically valid clinical treatment
approach. Physiotherapy sessions included pain education plus: 1) Motor control exercises
targeted local/deep trunk muscles including transversus abdominis, lumbar multifidus, and
the pelvic floor muscles. These were commenced in unloaded positions, and then
progressed to upright and functional activities, with progression occurring on a pain-
contingent basis [21-23] (see Supplemental Table 1). Exercises were taught and practiced
during the treatment sessions and also in a structured home based program; 2) Manual
therapy was administered in accordance with commonly used principles [24], with

techniques including joint mobilisation and soft techniques of the lumbo-pelvic area.

General strength and conditioning (moderate-dose exercise) (GSC)

Participants in the GSC group (n = 20) received pain education and undertook gym-based
(supervised by an exercise physiologist) and home-based (unsupervised) exercise sessions.
Each gym-based session was one-hour in duration, with participants required to attend two
sessions per week (during the first three months), and then for the final three months
participants could self-select to attend either one or two supervised training session per
week. Exercises included aerobic conditioning (20 minutes at an intensity of 65-85% HRmax),

proprioceptive exercises (i.e. general balance [e.g. single leg with single arm lateral raise],



weight transfer [e.g. single leg dumbbell transfer left to right] and external perturbation
[e.g. medicine ball chest pass]) and progressive resistance training. Exercises are described
in Supplemental Tables 2 and 3. The 20 minutes of aerobic conditioning was inclusive of a
warm-up, with a progressive increase in intensity over the first five minutes. The resistance
training program included a selection of seven exercises focussed on push, pull, lift, trunk
extension and trunk flexion. Each set was completed to volitional fatigue and progressed by
increasing load within each phase after successful completion of all sets at the maximum
repetition range and progressed in a time-contingent manner and not modified in response
to daily changes in reported pain. Each phase was structured using an undulating
periodization approach. Phases varied by exercise selection, relative load, sets, repetition
range and time under tension. Participants were additionally required to undertake mental
rehearsal exercises at home which focussed on activities that individuals perceived as pain-
provoking for five minutes every day (for the first six weeks). Exercise tasks which replicated
these movements were then introduced into the supervised gym-based (resistance training)
program. Home-based exercise sessions (unsupervised) involved 20-40 minutes of aerobic
exercise (e.g. walking or jogging at 65-85% HRmax), followed by stretching (based on

individuals need), up to three times per week.

Measures

All self-report data in this study were collected via online questionnaires. Age and sex
demographic data were assessed at baseline using a self-report survey. Baseline back pain
was assessed using a visual analogue scale (VAS) whereby participants rated their back pain

on average over the past week on a scale of 0 — 100.

Depressive symptoms

Depressive symptoms were assessed every two weeks (from baseline through to 24 weeks;
TO - T12) using the 10-item Centre for Epidemiologic Studies Depression Scale (CES-D 10)
[25]. The CES-D 10 is a validated self-report measure of depressive symptomology [26],

whereby participants indicated how often they experienced various symptoms of
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depression in the past week using a 4-point severity scale (ranging from “rarely or none of
the time” to “most or all of the time”). Responses were coded and summed as per protocol
(possible range 0 — 30), with scores of 10 or greater indicating being ‘at risk’ of depression.
Since there was a delay of up to 3 weeks between baseline testing (B1) and randomisation,
baseline data collection was conducted twice for some participants (B1 and B2, with B2
being conducted immediately prior to randomisation) and the value closest to the
randomisation date was used as the baseline value to calculate change from baseline. In the

situation where B2 was missing, B1 was used as the baseline data.

Statistical analyses

Analyses were conducted following an intention-to-treat approach using Stata statistical
software (version 15.0). A linear mixed model was used to examine changes in depressive
symptoms accounting for the clustering of observations within individuals. The model
included time (fortnight), treatment group (MCMT or GSC), and a group-by-time interaction.
The interaction between time and treatment group enabled the assessment of whether
change in depressive symptoms from baseline varied depending on treatment group. The
mixed model included a random intercept to allow for random variation in baseline
depressive symptoms between participants and a random slope for time to allow for
random variation in the change in depressive symptoms over time between participants.
Covariation between the random intercept and slope was assessed to determine if the
change over time was dependent on the baseline level of depressive symptoms. Model
assumptions were assessed by examining plots of the residuals. Accepted significance level

was set as p<0.05.

Missing data

Of the 40 participants included in this study, 16 (40%) had complete outcome (CES-D 10)
data across the 13 data collection points. Data were analysed on a missing at random
assumption. Mixed models are found to perform well in comparison to other methods of

handling missing data [27]. Therefore, all available data was utilised (even if a participant did
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not provide depressive symptoms information for all time points), since mixed models

handle imbalance in the number of observations.

Results

The final sample consisted of 40 participants (MCMT = 20; GSC = 20) with data for inclusion
in analyses, although 8 participants (MCMT = 5; GSC = 3) withdrew from the study. Reasons
for withdrawal are presented in Figure 1. Average age and level of back pain at baseline was
comparable between the two treatment arms and the number of females was similar (Table

2).

Table 2. Demographic characteristics of the MCMT and GSC intervention groups at baseline

Motor control and General strength and
manual therapy conditioning

N 20 20

Age (years; mean + sd) 34.6 +3.66 34.8+491

Women, n (%) 10 (50%) 9 (45%)

Back pain score (mean, SD) 49.61 +17.41 42.03+17.35

CESD-10 score (mean, SD) 8.16 +3.99 10.15 +4.50

At risk of depression (CESD-10 > 10) n (%) 7 (35%) 10 (50%)

Figure 2 shows observed mean CES-D 10 values at each time point for the two groups.

Fig 2. Observed mean CES-D 10 values at each time point for the two groups. Error bars
show +/- 1 standard error.

Legend: MCMT, Motor control and manual therapy; GSC, General strength and conditioning
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Table 3 presents inferential results for the change over time in depressive symptoms. There
was no evidence of a difference between groups for change in depressive symptoms over
time. The MCMT group (reference) demonstrated a slope of -0.19 (equating to -2.28 by the
end of the trial (24 weeks)), while the GSC group demonstrated a slope of -0.10, 95% = -
0.25. 0.04 (equating to -1.24 by the end of the trial) for depressive symptoms (per fortnight)
(between-group difference = 0.09, 95% Cl =-0.12, 0.30). Further, there was no correlation
for intercept and slope (i.e. change over time did not vary by baseline depressive

symptoms).

Table 3. Linear mixed model examining change over time in depressive symptoms

Covariate B (95% Cl)
Intercept 8.95(7.11, 10.79)
Time (per fortnight) -0.19 (-0.34, -0.02)
Group* 0.53 (-2.06, 3.13)
Group* x time 0.09 (-0.12, 0.30)

* Reference group = Motor control manual therapy (MCMT)

Discussion

Participants undertaking motor control (low-dose) exercise and manual therapy or general
strength and conditioning (moderate-dose exercise) showed small reductions in depressive
symptoms over the 6-month study period. However, these changes did not differ between
intervention groups. Although previous research is limited, the finding in the current study
that depressive symptoms decreased over time for those undertaking an exercise program
is consistent with a number of previous controlled trials amongst adults experiencing
chronic pain (e.g. fibromyalgia and CLBP) [12, 13]. Given that a large body of evidence in the
general population suggests that exercise (including a mix of aerobic and strength training)
can be used as a treatment for clinical depression and/or depressive symptoms [9],

collectively our findings may indicate that exercise can also be used safely as a treatment (or



13

adjunct or adjuvant treatment) for depressive symptoms in adults with CLBP. However,
since the magnitude of change in depressive symptoms was small (i.e. change in depressive
symptoms for the exercise group equated to a -1.2 reduction on the CES-D 10 scale after 24
weeks), and that the current study did lack a true control group, these findings need to be

confirmed in future RCT’s.

To our knowledge, this is one of the first studies to examine the addition of manual therapy
to motor control exercises for treating depressive symptoms. Similarly, previous studies
examining the effect of manual therapy alone on depressive symptoms are currently
limited. From the small body of existing research, there is some indication that manual
therapy may lead to a reduction of depressive symptoms amongst adults experiencing
tension-type headache [16], which is consistent with the findings of the current study.
However, it should be acknowledged that the magnitude of change in depressive symptoms
for the MCMT group was small (i.e. change in depressive symptoms equated to a -2.28
reduction on the CES-D 10 scale after 24 weeks). Given that the manual therapy
intervention in the current study also included motor control exercises, these findings
highlight a potential avenue to explore manual therapy as an adjunct therapy option for
improving depressive symptoms amongst patients with CLBP, particularly since they are a
target group already at heightened risk for depression [7]. Given that manual therapy and
motor control exercise is often delivered concurrently by allied health professionals, this
‘combined’ treatment protocol reflects real-world application. Although we are unable to
attribute changes in depressive symptoms to either motor control exercise OR manual
therapy, changes may be attributed to this combined therapy approach, typically used

together as a treatment (for back pain) for people with CLBP.

Given that participants in both intervention groups (i.e. motor control [low-dose exercise]
and manual therapy, and general strength and conditioning [moderate-dose exercise])
exhibited a reduction in depressive symptoms over the 6-month intervention period, it is
important to recognise the potential mechanisms that may explain these mental health

changes. Firstly, both interventions included exercise as a key component. Although the
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dose of exercise prescribed to participants varied (with the MCMT group receiving much
lower intensity and volume of exercise), studies have shown that even exercise of a low
dose (e.g. light to moderate intensity, short duration) may be effective reducing current
depressive symptomatology [28] and in reducing risk of developing future depressive
episodes in the general population [29]. Exercise has been hypothesised to improve mental
health through various potential biological mechanisms including altering neurotransmitters
(e.g. serotonin receptors (5-HT)), hormones (e.g. norepinephrine (NE)), and proteins in the
brain, (e.g. brain-derived neurotrophic factor (BDNF)) [30, 31], as well as reducing pro-
inflammatory cytokine levels [32], which influence the 5-HT system [33]. Such pathways
may explain the reduction in depressive symptoms observed in the current study. An
alternative explanation is the ‘social interaction’ hypothesis, which suggests that mental
health may be enhanced through social interaction, which both intervention groups were
exposed to (i.e. with the exercise physiologist or physiotherapist). Alternatively, both
treatments were aimed to reduce pain and given that chronic pain is a key determinant of
depressive symptoms [6], it could be that the reduction in depressive symptoms was a
result of associated pain relief. However, mediating analyses using larger samples are

needed to test these hypotheses.

Strengths and limitations

This was an exploratory study. Limitations of this study included a small sample size, which
may limit generalisability of results. It was designed to provide 80% power to detect minimal
differences in depressive symptoms between groups. Since there was no true control group,
causality could not be determined. It is possible that other factors such as seasonal
variation or the utilisation of therapies such as psychotherapy or counselling could
potentially partly explain changes in depressive symptoms over time. Depressive symptoms
were assessed using a self-report measure and therefore may be subject to socially
desirable responses. Further, baseline depressive symptoms were relatively low for both
groups with nearly 60% of participants being classified as “not at risk” of depression (i.e.
scoring less than 10 on the CES-D 10). Therefore, it is unknown whether the pattern of
change in depressive symptoms experienced by a clinically depressed group completing

either intervention would be the same as what was observed in this study. The dose and/or
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time of intervention conditions was not the same for all participants. For example,
participants in the GSC group could self-select either one or two training sessions per week
during the final three months. Similarly, participants in the MCMT group were prescribed
two sessions in the final three months, with frequency varying based on individual’s clinical
need and availability. However, both intervention conditions were designed to reflect
clinical practice (e.g. clients would typically undergo individual consultations with clinicians
and prescribed a dose of treatment tailored to them) so that findings can be feasibly applied
in real world settings. A strength of this study was that the screening process identified and
excluded those on anti-depressant medication, and those who were pregnant or
postpartum, which are all factors that could influence depressive symptoms. Furthermore,
both interventions included both clinic (supervised) and home-based (unsupervised)
settings, which may increase initial engagement and long-term adherence to such programs
in the real-world setting [34]. Finally, very few studies have examined changes in depressive
symptoms following different exercise protocols in people with CLBP. Given this group are
at heightened risk of experiencing poor mental health, these findings provide new insights

into potential treatment options for this high-risk target group.

In conclusion, adults with CLBP experienced a reduction in depressive symptoms when
undertaking either motor control and manual therapy; or general strength and conditioning.
Further RCT’s (including those using a true control group) are needed to draw conclusions as

to the effectiveness of each of these treatment methods in this population group.
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Supplemental Table A. Motor control exercise plus manual therapy (MCMT): Exercise

progressions
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Progression

1 2 3 4 5
Transverse
abdominis
Side-lying Four-point Standing Walking activation
transverse transverse transverse transverse during
Exercise
abdominis abdominis abdominis abdominis functional
activation activation activation contractions loading task
(e.g. stair
climbing)
5 x 5s hold 5 x 5s hold 5 x 5s hold Start at 2-min of
Dose four times a fourtimesa  fourtimesa 10s activation -
day day day on/off
Progress Progress
Progress if
position if position if

Progression

criteria

good control
and
endurance —
pain free
during

exercise

good control
and
endurance —
pain free
during

exercise

good control
and
endurance —
pain free
during

exercise

Progress to 2-
min hold before
functional
loading — pain

free during task




Supplemental Table B.
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General strength and conditioning (GSC): Proprioceptive exercises

Specific exercises
Exercise
1 2 3 L}
type 5 6 7 8
Single
. Single leg
. Single . .
. Single leg single Single
Medicin leg .
Ball arm - single arm arm and
X e ball medicin
Perturbatio Chest throw arm throws leg -
chest e ball
n Pass s and throws and throws
pass chest
catch and catchon onfoam
pass
catch dura-
disc
Single
Single &
leg
leg .
. single
single
arm
. . arm . ..
Standing  Single . L Single medicin
Single  medicin
tandem leg | ball leg e ball Albhab
e e ba abe
. dumbbe dumbbe ) & medicin body Alphabe p.
Weight single body . with
Il Il e ball contact t with
transfer arm contact foot on
transfer  transfer around target foot
lateral  target ) foam
left- left- . ) the (hip,
. . raise (hip,
right right world shoulde
shoulde
r, head,
r, head, i
. waist,
waist,
knee)
knee)
on foam
Single Single .
. . Single
Single Single leg leg
Tandem Tandem leg on
leg leg stance stance
General stance; stance; dura-
stance stance; on on . -
balance eyes eyes disc;
; eyes eyes foam; foam;
open closed eyes
open closed eyes eyes
closed
open closed
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Supplemental Table C. General strength and conditioning (GSC): Resistance training

exercises
Specific exercises
Exercise
. . Body weight
1 (Lift) Sittostand  Touch downs Dumbbell squats Back squats
squats
Prone
2 Prone floor Prone trunk
opposite arm
(Extension | opposite arm extension on - -
and leg on
1) and leg swiss-ball
swiss-ball
Supine
3 Supine Supine double
Supine single double leg  Supine swiss-ball
(Extension double leg leg bridge with
leg bridge bridge on hamstring curls
2) bridge weight plate
swiss-ball
Standing
4 Standing Latissimus dorsi
latissimus Modified
(Extension straight arm (seated) pull One-leg deadlift
dorsi (lat) pull deadlifts
3) pull down down
down
Partial curl up
Partial curl
in supine Bosu-ball
5 (Flexion) up in supine - -
fingers to crunches
wrist to knee
knee
Split stance Split stance Single arm
Single leg
double arm single arm opposite leg
6 (Push) double arm Bench press
cable chest cable chest cable chest
chest press
press press press
Split stance Split stance Single leg Single leg
Seated row
7 (Pull) double arm opposite arm  double arm opposite arm
cable row cable row cable row cable row
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CONSORT 2010 checKklist of information to include when reporting a randomised trial*

L/
Y
Item Reported
Section/Topic No Checklist item on page No
Title and abstract
1a Identification as a randomised trial in the title 1
1b  Structured summary of trial design, methods, results, and conclusions (for specific guidance see CONSORT for abstracts) 2
Introduction
Background and 2a  Scientific background and explanation of rationale 3-4
objectives e I
2b  Specific objectives or hypotheses 4
Methods
Trial design 3a  Description of trial design (such as parallel, factorial) including allocation ratio 4-5
3b  Important changes to methods after trial commencement (such as eligibility criteria), with reasons 5
Participants 4a  Eligibility criteria for participants 6
4b  Settings and locations where the data were collected 7-8
Interventions 5 The interventions for each group with sufficient details to allow replication, including how and when they were 7-8
actually administered
Outcomes 6a  Completely defined pre-specified primary and secondary outcome measures, including how and when they 8-9
were assessed
6b  Any changes to trial outcomes after the trial commenced, with reasons 5
Sample size 7a  How sample size was determined 7
7b  When applicable, explanation of any interim analyses and stopping guidelines NA
Randomisation:
8a  Method used to generate the random allocation sequence 7
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Sequence
generation

Allocation
concealment
mechanism

Implementation

Blinding

Statistical methods

Results
Participant flow (a
diagram is strongly
recommended)

Recruitment

Baseline data

Numbers analysed

Outcomes and
estimation

8b

10

11a

11b
12a
12b

13a

13b

14a

14b
15
16

17a

17b

Type of randomisation; details of any restriction (such as blocking and block size)

Mechanism used to implement the random allocation sequence (such as sequentially numbered containers),
describing any steps taken to conceal the sequence until interventions were assigned

Who generated the random allocation sequence, who enrolled participants, and who assigned participants to
interventions

If done, who was blinded after assignment to interventions (for example, participants, care providers, those
assessing outcomes) and how

If relevant, description of the similarity of interventions
Statistical methods used to compare groups for primary and secondary outcomes

Methods for additional analyses, such as subgroup analyses and adjusted analyses

For each group, the numbers of participants who were randomly assigned, received intended treatment, and
were analysed for the primary outcome

For each group, losses and exclusions after randomisation, together with reasons
Dates defining the periods of recruitment and follow-up

Why the trial ended or was stopped

A table showing baseline demographic and clinical characteristics for each group

For each group, number of participants (denominator) included in each analysis and whether the analysis was
by original assigned groups

For each primary and secondary outcome, results for each group, and the estimated effect size and its
precision (such as 95% confidence interval)

For binary outcomes, presentation of both absolute and relative effect sizes is recommended

24

NA

NA

Figure 1

Figure 1

5

NA

Table 2

Figure 1,
page 10

11, Figure 2

11
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Ancillary analyses

Harms

Discussion
Limitations

Generalisability
Interpretation
Other information
Registration
Protocol

Funding

19

20
21
22

23
24
25

Results of any other analyses performed, including subgroup analyses and adjusted analyses, distinguishing
pre-specified from exploratory

All important harms or unintended effects in each group (for specific guidance see CONSORT for harms)

Trial limitations, addressing sources of potential bias, imprecision, and, if relevant, multiplicity of analyses
Generalisability (external validity, applicability) of the trial findings

Interpretation consistent with results, balancing benefits and harms, and considering other relevant evidence

Registration number and name of trial registry
Where the full trial protocol can be accessed, if available

Sources of funding and other support (such as supply of drugs), role of funders

25

13

12 -14

11-14

2,5

14

*We strongly recommend reading this statement in conjunction with the CONSORT 2010 Explanation and Elaboration for important clarifications on all the items. If relevant, we also

recommend reading CONSORT extensions for cluster randomised trials, non-inferiority and equivalence trials, non-pharmacological treatments, herbal interventions, and pragmatic trials.

Additional extensions are forthcoming: for those and for up to date references relevant to this checklist, see www.consort-statement.org.
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