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ABSTRACT

Objectives The relationship between exercise training
variables and clinical outcomes in low back pain (LBP) is
unclear. The current study aimed to explore the relationship
between exercise training parameters and pain intensity in
individuals with chronic LBP.

Methods This study is a secondary analysis of a
previously reported randomised controlled trial comparing
the effects of general strength and conditioning to motor
control exercises and manual therapy. This secondary
analysis includes adults with chronic LBP (n=20)
randomised to the general strength and conditioning
programme only. Primary outcomes of this analysis were
exercise training parameters (time under tension, rating
of perceived exertion (RPE), session duration, session-RPE
and training frequency) and pain intensity (0—100 mm
visual analogue acale) measured every 2 weeks from
baseline to 6 months follow-up. Linear mixed models

with random effects (participants) and allowance for
heterogeneity of variance (study date) were used to
determine the association between pain intensity and
training parameters over time.

Results Mean (95% Cl) pain intensity decreased over
time from baseline to 6 months follow-up by 10.7 (2.8 to
18.7) points (p=0.008). Over the 6-month intervention,
lower pain intensity was associated with higher RPE (3
(95%Cl) —27.168 (—44.265 to —10.071), p=0.002), greater
time under tension (-0.029 (—-0.056 to —0.001), p=0.040)
and shorter session duration (1.938 (0.011 to 3.865),
p=0.049).

Conclusion During 6 months of general strength and
conditioning, lower pain intensity was associated with
higher participant-reported training intensity, greater
volume and shorter session duration. To ensure positive
outcomes to exercise training, these variables should be
monitored on a short-term basis.

Trial registration number ACTRN12615001270505.

INTRODUCTION

Low back pain (LBP) represents a major
healthcare issue affecting 7.3% of people
worldwide' and accounts for 63million
disability-adjusted  life-years.®  Exercise
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Exercise training is recommended for managing
chronic low back pain. However, the ideal training
parameters (eg, volume and intensity) for maximis-
ing outcomes remain unclear.

WHAT THIS STUDY ADDS

= This study shows that higher training intensity,
greater volume and shorter session duration were
associated with lower pain intensity during 6 months
of strength and conditioning. Importantly, training
frequency did not impact results.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Clinicians should monitor training intensity, volume
and session duration over a weekly basis to ensure
positive outcomes to exercise training when working
with adults with chronic low back pain.

training is recommended in best-practice
guidelines for managing chronic LBP (ie,
pain persisting >3 months),” with certain
modes (ie, resistance training, Pilates and
motor control exercises) more effective
at reducing pain intensity and disability
when compared across all exercise types.*
However, the ideal training parameters
(eg, volume and intensity) for maximising
For example,
resistance training is widely used in clin-
ical practice for individuals with LBP,6 yet
training parameters are based on evidence
from untrained healthy populations, where
1-3 sets of 8-12 repetitions of each exercise
are recommended to achieve improvements
in muscular strength and hypertrophy.*”
Despite studies exploring ideal exercise
training parameters (eg, volume, inten-
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outcomes remain unclear.
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of studies that compare how these variables impact
recovery in individuals with LBP.

In a meta-regression (50 trials, n=1239) of individuals
with chronic LBP, completing stabilisation exercises 3-5
times per week had the largest effect on improving both
pain intensity and disability."* However, completing more
than five training sessions per week led to a reduced
effect. In this instance, the optimal session duration was
20-30min, with longer durations (>30min) shown to be
less effective at reducing pain intensity and disability. A
separate meta-analysis of 43 trials in chronic LBP (n=3226)
compared interventions that included any mode of exer-
cise training (eg, resistance training, stretching and
aerobic exercise),'* and showed that high-dose exercise
programmes with >20hours of total exercise training
over the intervention were more effective at reducing
pain intensity and disability than those consisting of
<20 hours. In a narrative review that explored isolated
lumbar extensor resistance training, Steele et al'® found
that completing low-frequency (1day per week), high-
intensity (training to muscular failure) was most effective
at reducing pain intensity and disability in individuals
with chronic LBP. Finally, in a study carried out by the
current authors, a 6-month periodised strength and
conditioning programme was effective at reducing pain
intensity in individuals with chronic LBP.'"® However, it is
not yet clear if specific training parameters (ie, volume,
intensity, duration and frequency) were associated with
these reductions in pain intensity.

These studies provide preliminary evidence to suggest
optimal exercise training parameters may exist for indi-
viduals with LBP undertaking an exercise intervention.
However, it remains unclear if controlling these training
parameters in individual sessions are necessary for
improvements seen in exercise training programmes,
and if so, which training parameters are most important.
Understanding which training variables have the greatest
impact on modifying outcomes, such as pain intensity,
will help clinicians design more effective exercise training
programmes for individuals with LBP. Therefore, the
aim of the current study was to explore the relationship
between exercise training parameters and pain intensity
in individuals with chronic LBP to identify which training
parameters are associated with clinical outcomes. The
secondary aim was to evaluate whether this relation-
ship differed based on the time period over which they
were monitored (ie, per session, week or 2weeks). It was
hypothesised that exercise training volume, intensity and
duration would be associated with lower pain intensity
and that measuring these variables over a weekly basis
would provide the most information to guide exercise
training design.

METHODS

Trial design

This study is a secondary analysis of a previously reported
parallel randomised controlled trial.'” The full study
protocol is described in detail elsewhere.'® In brief, the

study randomised participants to receive a 6-month
exercise intervention consisting of general strength and
conditioning or motor control and manual therapy.'® "’
Due to differences in the recording of training data in
the motor control and manual therapy group, complete
information on training parameters was not available for
this group. Motor control and manual therapy sessions
were completed at a separate site (Advance HealthCare,
Boronia, Victoria, Australia) and the training parameters
of time under tension and rating of perceived exer-
tion (RPE) were not recorded. Therefore, this analysis
includes data only from the 20 participants randomised
to general strength and conditioning. Data collection
and exercise sessions were completed at Deakin Univer-

sity.

Participants

Adults aged 25-45 years with chronic non-specific LBP (=3
months) were recruited from the metropolitan Melbourne
region via print and web-based advertising. Participants who
registered their interest through the study website were
screened via phone by one of the researchers involved in the
study to assess eligibility. Inclusion and exclusion criteria were
based on primary outcomes of intervertebral disc health.
Inclusion criteria were pain between the T12 vertebra and
gluteal folds of 2-8 points on a 0—-10 point Numerical Rating
Scale. Exclusion criteria were: (a) previous or planned spinal
surgery, (b) traumatic spinal injury (eg, fracture or car acci-
dent), (c) cauda equina symptoms, (d) known structural
scoliosis, (e) radiculopathy, (f) non-musculoskeletal causes
of LBP, (g) the inability to communicate in English, (h)
current LBP treatment or undertaking >150min per week
of self-reported moderate-vigorous exercise, (i) current
compensable claim for their LBP, (j) currently pregnant,
planning a pregnancy or given birth within the last 9months,
(k) current smoker, (I) current anaemia, (m) body mass
2120kg, (n) history of seizures, epilepsy, stroke or head
injury, (o) taking medications for mental illness, (p) have
metal implants unsuitable for MRI, (q) having had nuclear
medicine performed in last 3months or (r) are unable to
commit to the entire 6-month programme.

Interventions

This secondary analysis only examined participants allo-
cated to the general strength and conditioning intervention.
Over 6months, participants were prescribed up to 52 1 hour
gym-based sessions supervised by an exercise physiologist
(ie, a tertiary qualified exercise professional). Participants
attended two sessions per week during weeks 1-13 and
then self-selected to attend either one or two sessions per
week during weeks 14-26. Sessions included aerobic condi-
tioning, progressive resistance training and proprioceptive
exercises. Aerobic conditioning consisted of 20 min of
treadmill walking/jogging at the start of each session. This
included a 5min warm-up of increasing intensity, followed
by 15min of sustained effort at 65%—70% maximal heart
rate in the first 2weeks and increasing to 65%-85% from
week three onwards. Proprioceptive training consisted of
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Figure 1 Planned resistance training programme including
weekly repetitions, sets and time under tension. Max rep
range: maximum repetitions per set, min rep range: minimum
repetitions per set.

general balance (eg, tandem stance with eyes closed), weight
transfer (eg, single leg dumbbell transfer left to right hand)
and external perturbation (eg, medicine ball chest throw
and catch) exercises. The resistance training component
included five exercises each session from a selection of seven
exercises grouped according to action: push, pull, lift, trunk
extension and trunk flexion (online supplemental table
1). Each set was completed to two repetitions (reps) below

volitional fatigue of the target rep range. The programme
included six mesocycles (ie, 4-6weeks training blocks) of
varying loads, reps, sets and time under tension, as shown
in figure 1. Resistance was progressed in a time-contingent
manner and not modified in response to daily changes in
reported pain (table 1). During each phase, resistance was
increased once the target number of sets and reps were
completed in two consecutive training sessions at a given
resistance. In addition to gym-based sessions, unsuper-
vised home-based exercise was recommended, consisting
of 20—40min of aerobic exercise (eg, walking or jogging at
65%-85% maximal heart rate), followed by stretching three
times per week.

Outcomes

Each outcome is discussed in depth elsewhere' and in
brief below. Average LBP intensity over the previous week
was collected every 2weeks via online questionnaires
from baseline to end of intervention (6months) using a
0-100mm visual analogue scale (VAS). This is a valid and
reliable measure of pain intensity in LBP." For individuals
with chronic LBP, a 20-point reduction in pain intensity is
considered the minimum clinically meaningful difference.”
Self-reported disability due to LBP was collected at baseline
using the modified Oswestry Disability Index.?' The ques-
tionnaire includes 10 items addressing various aspects of
physical function. The total score (0-50 points) is doubled
and represented as a score between 0 and 100 with higher

Table 1 Resistance training programme overview
Time under
Week Goal Intensity tension Progression
1-4 Familiarisation, 12-15 reps performed at 2scon, Once 2 sets of 15 reps at 2 consecutive
motor control and 2 reps below volitional 2secc training sessions are completed, resistance is
local muscular fatiguex2 sets, 1 min rest increased
endurance between sets
5-10 Muscular strength 6-10 reps performed at 2scon, Once 2 sets of 10 reps at 2 consecutive
2 reps below volitional 2secc training sessions are completed, workload
fatiguex2-3 sets, 2min rest increases to 3 sets. Then progression made
between sets through increased resistance
11 Light week 10 reps at 80% of resistance 2s con, None
used in the previous weekx3 2s ecc
sets, 2min rest between sets
12-15  Local muscular 12-15 reps performed at 5scon, Once 3 sets of 15 reps at 2 consecutive
endurance 2 reps below volitional 5secc training sessions are completed, resistance is
fatiguex3 sets, 1 min rest increased
between sets
16-19  Muscular strength 6-10 reps performed at 2scon, Once 3 sets of 10 reps at 2 consecutive
2 reps below volitional 2secc training sessions are completed, workload
fatiguex3-4 sets, 2 min rest increases to 4 sets. Then progression made
between sets through increased resistance
20-25  Local muscular 20-25 reps performed at 1-2s con, Once 3 sets of 25 reps at 2 consecutive
endurance 2 reps below volitional 1-2s ecc training sessions are completed, resistance is

fatiguex3 sets, 1 min rest
between sets

Con, concentric; ecc, eccentric; reps, repetitions.;

increased
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scores indicating greater disability. For individuals with LBP,
a 10-point reduction in disability is considered the minimum
clinically meaningful difference.”* Additionally, exercise
training data, including attendance, exercises completed,
resistance, sets, reps, session duration and participant
reported RPE (10-point scale), were collected at each
supervised training session. From these data, the following
additional variables were calculated:

» Time under tension is a measure of volume that refers
to the total duration a muscle spends under tension
during both concentric and eccentric phases of
resistance exercise.”” Time under tension per session
(sec) was calculated as the sum of time under tension
across the five resistance exercises for each training
session (eg, week 1, session 1 time under tension=132
repsx4s time under tension=528s).

» Session-RPE is a measure of training load that takes
into consideration both the intensity and the dura-
tion of a training session.”* It is calculated as the
product of session duration and RPE and expressed
in arbitrary units.

In addition to the measures of time under tension,
RPE, duration and session-RPE for each individual
training session, weekly and 2 weekly totals were calcu-
lated by summing the numbers from each session
attended during the respective week or 2-week period
(eg,week 1 time under tension = (week 1, session 1 time
under tension: 132 repsx4s=528s)+(week 1, session
2 time under tension: 138 repsx4s=5525)=1080s).
Weekly and 2-weekly training frequency was calcu-
lated as the total number of sessions attended over
the past week or 2-week period.

Sample size

The original sample size calculation was based on inter-
vertebral disc health outcomes for the larger study,"’
whereby 20 participants in each group were required to
detect a 2.2% between-group net difference in average
lumbar intervertebral disc T2.

Randomisation

Participants were randomly assigned (l:1) using
block randomisation with random block lengths and
stratification for sex obtained from www.random.org.
A researcher who had no contact with participants
obtained and employed the randomisation schedule
(via sequentially numbered, opaque, sealed enve-
lopes).

Blinding

Given the primary outcome of interest was subjective pain
intensity, the participant was considered the assessor;
therefore, it was not possible to blind the outcome
assessor in this secondary analysis.

Statistical methods
All analyses were completed using Stata (V.17,
StataCorp). To determine the association between

pain intensity and training parameters (time
under tension, RPE, session duration, frequency
and session-RPE) over 6 months from baseline to
follow-up, linear mixed models with random effects
(participants) and allowance for heterogeneity of
variance according to study date were used. For these
associations, each training parameter was examined
for the session, week and 2weeks prior to pain inten-
sity being measured. Missing data were dealt with
using a maximum likelihood estimation within linear
mixed models, satisfying intention-to-treat princi-
ples.”” There were 273 missing data points from a
possible total of 4260 (6.4% missing) across 5 vari-
ables. The greatest number of missing data was from
the variable session duration with 126 missing data
points from a possible total of 1000 (12.6% missing).
An alpha of 0.05 was adopted for all analyses.

RESULTS

Participant flow

Twenty participants (female: n=10; male: n=10) were
randomised to receive general strength and condi-
tioning (figure 2). Three participants withdrew from
the study between baseline and follow-up with 17
participants remaining at 6 months (figure 2).

Recruitment

This study was conducted from December 2015 to
December 2016. The trial ended when all recruited
participants finished the 6-month follow-up period.

Baseline data

Baseline demographic data are shown in table 2. Mean
(SD) age at baseline was 35 (5) years, LBP intensity
was 41 (18) points (mild pain)® and disability was
24.5 (12.1) per cent (moderate disability).27 Females
tended to have greater mean (SD) body mass index
(female: 29.1 (5.5) kg/m? male: 25.5 (3.8) kg/m?),
age (female: 35.5 (6.3) years, male: 34.2 (3.6) years)
and disability (female: 25.1 (11.4) points, male: 24.0
(13.1) points), yet lower pain intensity (female: 36.9
(16.7) points, male: 45.1 (18.5) points).

Numbers analysed
All 20 participants randomised to general strength and
conditioning were included in the current study.

Outcomes and estimation
Per session, mean (SD) time under tension was 739.26
(503.38) s, RPE was 7.18 (3.01) points, session duration was
64 (11) min and session-RPE was 460.01 (145.98) arbitrary
units. Mean (SD) training frequency was 1.20 (0.85) sessions
per week, which equated to 31 out of a possible 52 sessions
(60%) over the 6-month intervention.

Mean (95% CI) pain intensity decreased from
baseline to 6 months follow-up by 10.7 (2.8 to 18.7,
p=0.008) points (figure 3). Between baseline and

4 Neason C, et al. BMJ Open Sp Ex Med 2024;10:e001744. doi:10.1136/bmjsem-2023-001744


www.random.org

[ Enrolment ]

Assessed for eligibility

Excluded (n=429)
+ Not meeting inclusion criteria (n=363)

A 4

+ Declined to participate (n=5)
+ Other reasons (n=61)

Randomised to General

Strength and Conditioning

y

[ Allocation ]

Allocated to intervention (n=20)

[ Follow-Up ]

Discontinued intervention

«+ Did not attend first treatment (n=2)
«+ Did not give reason (n=1)

[ Analysis ] Analysed

«+ Intent-to-treat (n=20)

Figure 2 CONSORT diagram. CONSORT, Consolidated Standards of Reporting Trials.

follow-up, pain intensity was negatively associated
with time under tension during the preceding week
(B (95%CI) -0.029 (-0.056 to -0.001), p=0.040)

Table 2 Baseline demographic data

Mean (SD)
Age, years 35 (5)
Female, n (%) 10 (50)
Height, cm 172.5 (9.1)
Weight, kg 76.9 (16.8)
Body mass index, kg/m? 27.1 (4.9)
Pain, 0-100 VAS 41 (18)
Disability, % on Oswestry index 24.5(12.1)

VAS, visual analogue scale.

and RPE of the prior session (-27.168 (-44.265 to
-10.071), p=0.002) and positively associated with
duration of the prior session (1.938 (0.010 to 3.865),
p=0.049; table 3). No association was found between
pain intensity and other training parameters at any
time point.

Harms
No adverse events were reported.

DISCUSSION

In individuals with chronic LBP, pain intensity decreased
following 6 months of general strength and conditioning but
did not reach the minimum clinically meaningful difference
of 20 points.*’ As hypothesised, pain intensity was negatively
associated with time under tension and participant reported
RPE and positively associated with training session duration.
Additionally, these associations were found when measuring
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Figure 3 Mean (SD) 2-weekly pain intensity (100-point
visual analogue scale (VAS)). *p<0.05, 1p<0.01 indicate
within-group change from baseline.

Table 3 Association between pain intensity and training
parameters over the prior session, week and 2-week period

P

Training parameter 95% CI value

Time under tension

Session 0.004 -0.449 0.457 0.985
Week -0.029* -0.056 -0.001 0.040
2 weeks -0.007 -0.026 0.011 0.443
Rating of perceived
exertion
Session -27.168" -44.265 -10.071 0.002
Week -1.103 -4.645 2.439 0.542
2 weeks -1.271 -3.083 0.540 0.169

Session duration

Session 1.938* 0.010 3.865 0.049
Week 0.070 -0.433 0.572 0.785
2 weeks 0.026 -0.168 0.221 0.792
Training frequency
Session 0.007 -0.260 0.273 0.962
Week -0.018 -0.084 0.048 0.591
2 weeks -0.009 -0.038 0.019 0.518
Session rating of
perceived exertion
Session 9.456 -8.141 27.054 0.292
Week -4.763 -15.724 6.197 0.394
2 weeks -1.545 -7.618 4.529 0.618

Data are f coefficient, 95% Cl and p value. Negative coefficients
suggest that higher training parameters are associated with lower
pain intensity.

*p<0.05.

3

the training parameters over the prior week (for time under
tension) and session (for duration and RPE). Pain intensity
was not associated with the frequency of training sessions or
session-RPE at any time point (sessional, weekly or 2weekly).

The current study showed that the exercise training
variables of time under tension, RPE and training session
duration were associated with pain intensity across a 6-month
periodised programme of general strength and conditioning.
A negative association observed with time under tension indi-
cates that greater weekly volume (measured via time under
tension) corresponded to lower pain intensity. For reference,
every 60s increase in weekly time under tension was associ-
ated with a lower pain intensity of 1.74 points. Similar results
were seen in a study of 352 female office workers with muscu-
loskeletal pain (various non-specific conditions), where total
training volume was correlated with pain intensity following
16 weeks of resistance training.*® This suggests that for an
exercise programme to be beneficial, a sufficient stimulus
must be achieved to facilitate a physiological response to
training. Likewise, the negative association between RPE and
pain intensity found in the current study suggests that higher
participantreported intensities led to greater reductions in
painintensity. This finding is strengthened by the programme
design, which was periodised with heavy and light blocks and
progressed in a time-contingent manner irrespective of pain
intensity. In other words, training intensity was not increased
in response to decreases in pain intensity, which could lead to
spurious findings. Similar benefits for high-intensity training
have been found in individuals with chronic LBP following a
12-week programme of general strength and conditioning.
Those completing the programme at a high intensity (100%
VO, —and 80% 1RM) reported greater reductions in
disability compared with those training at moderate intensity
(60% VO,  and 60% 1RM), without any between-group
differences in adverse events or adherence. Additionally, a
meta-analysis of exercise training studies in individuals with
chronic musculoskeletal conditions showed that proto-
cols where participants ‘pushed into pain’ (up to 50mm
on a 100-point VAS) reported greater shortterm improve-
ments in pain intensity compared with protocols completed
within a pain-free range.”” Combined, these results suggest
a higher training intensity and volume may be beneficial for
maximising outcomes in individuals with chronic LBP, even
when participants report pain during exercise. However, it
is unclear where the ceiling of this effect lies for maximising
benefit while minimising the risk of adverse events. Future
research should seek to identify an upper limit to exercise
training volume and intensity that is safe and effective which
may be best identified using non-linear modelling.

Despite correlations with other training variables, the
current analysis showed that the number of weekly sessions
attended over 6months (training frequency; range: 0-2/
week) was not related to improvements in pain intensity.
Similar results were seen in the aforementioned study of
female office workers with musculoskeletal pain,” where
training attendance (range: 0-3/week) was not correlated
with reductions in pain intensity. It is unclear from the
current results if the lack of relationship observed between
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pain intensity and training frequency would differ if partic-
ipants had access to more than two training sessions per
week. For example, when completing stabilisation exercises,
3-5 sessions per week has the greatest impact on improving
LBP intensity."”” However, a direct translation between stabi-
lisation exercise and general strength and conditioning
is difficult due to the different mechanisms of action (eg,
changes to motor control vs strength and capacity). There-
fore, future research should explore the dose-response
relationship between pain intensity and weekly attendance
during a general strength and condition programme in
which participants are randomised to low, medium and high
training frequencies.

Importantly, the associations between pain intensity and
training parameters were observed on a weekly (for time
under tension) and sessional (for duration and RPE) basis.
While monitoring training parameters over a 2-weekly basis
did not provide any additional insight. To our knowledge,
this is the first study to explore different time periods over
which to measure pain intensity and training parameters.
Analysing the response to training parameters measured over
sessional, weekly and 2-weekly intervals can help to differen-
tiate between acute and chronic responses to training load
and intensity. The current findings suggest that short-term
responses following a session or week of exercise training
are more indicative of positive outcomes than intermediate
responses (ie, 2weekly). Additionally, measuring session
duration alongside volume and training intensity on a short-
term basis may prove important in reducing the risk of pain
‘flare-ups’ due to excessive exposure.

Clinical implications

When designing a general strength and conditioning
programme for individuals with chronic LBP, training inten-
sity and volume may be important variables to consider,
with increased training intensity and volume associated with
improvements in pain intensity. Therefore, ensuring the
prescribed training load is adequate within each session to
provide sufficient stimulus appears necessary to maximise
reductions in pain intensity. Additionally, training session
duration should be monitored alongside pain intensity to
avoid periods of excessive load leading to poorer outcomes.
When considering a programme consisting of up to two
sessions per week, regular training frequency may not be
the most important variable for reducing pain intensity. This
information may be beneficial for individuals with limited
resources (eg, time and money) to complete more than one
training session per week. Additionally, individuals should
not be discouraged if they miss a week of exercise training, as
they can still achieve positive results from a general strength
and conditioning programme.

Strengths and limitations

The current study provides valuable information to guide
the delivery of exercise training interventions in individ-
uals with chronic LBP. We used a single-item validated
outcome measure to track pain intensity (VAS) every 2weeks
throughout the programme, which allowed us to explore
how the accumulation of volume, duration and intensity

impacted outcomes across a 2-week period. Additionally,
allowing participants to selfsselect training frequency in the
second half of the programme provides a pragmatic founda-
tion to explore how training frequency interacts with recovery.
However, the current study is not without limitations. First,
pain intensity was the only outcome measure tracked on a
2-weekly basis. It is unclear how training variables relate to
other outcomes that may be important in individuals with
chronic LBP, such as disability, kinesiophobia, strength and
muscular endurance. Training variables such as training
frequency may be associated with these additional outcomes
and retain importance in programme design. Second, while
the single-item pain intensity VAS is a simple measure to
administer and track, it does not distinguish between the
type of pain experienced (eg, joint pain, neuropathic pain,
general soreness). Hence, we could not determine whether
pain intensity observed during some 2-week periods was
due to an inability of neuromuscular tissue to cope with
the imposed loads, an acute response due to delayed onset
muscle soreness, a chronic overtraining response or other
natural variations in pain. Future studies may benefit from
measuring pain intensity more frequently around training
sessions (eg, pre-exercise and postexercise session and 24
hours post) in addition to using a specific outcome measure
to account for delayed onset muscle soreness. Third, addi-
tional training measures (eg, volume-load, weekly physical
activity, metabolic equivalent) may have provided further
information to identify which specific mode, volume or
intensity variables most closely underpin the changes in pain
intensity observed. Fourth, training data from the original
randomised controlled trial pertaining to the motor control
and manual therapy group were not available for anal-
ysis due to differences in recording. Fifth, these results are
limited to adults aged 25—45 years with non-specific chronic
LBP weighing less than 120kg. Caution should be taken if
generalising these findings to the broader public. Finally,
although planned, most participants failed to return home-
based exercise diaries at 3 and 6months. Future studies
should consider alternative methods of collecting home-
based training compliance, such as via digital record keeping
or wearable technology.

CONCLUSION

During a 6month general strength and conditioning
programme, lower pain intensity was associated with higher
participantreported exercise training intensity, greater
volume and shorter session duration. When prescribing
exercise training for individuals with chronic LBP, moni-
toring and controlling these variables over a short-term basis
is recommended to achieve the best outcomes. Importantly,
training frequency did not impact results. Future research
should explore the ideal intensity, volume and duration of
strength and conditioning programmes in individuals with
chronic LBP and include additional exercise training vari-
ables to provide further guidance.
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