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Exercise is vital to the management of low back pain (LBP). However, research, social media, and fitness
industry interests can leave therapists confused about best practice in exercise prescription for this
clinical condition. The 3R's approach to back rehabilitation is introduced as an evidence-based frame-
work for developing patient specific exercise throughout the back-pain journey. Clinical guidelines for
the management of LBP are presented, and both exercise and psychological considerations are over-
viewed. The contrast between biomedical and biopsychosocial models of healthcare is introduced in
relation to LBP and the requirements of a successful rehabilitation programme. Interacting factors in LBP,
red flags, and motor skill classification are considered. The concept of tissue capacity is introduced, and
the healing timescale addressed. Both are used as a foundation for exercise choice and progression.
Simple methods of structuring an exercise programme are drawn from the fitness industry and adapted
for use in rehabilitation. The 3R's approach consists of 3 interrelated and overlapping phases e reactive,
recovery, and resilience. Treatment aims for each are introduced with guidance given to indicate
appropriate patient progression between phases. Exercise examples of each stage are illustrated with
consideration given to clinical reasoning, teaching method, safety and effectiveness.

Crown Copyright © 2019 Published by Elsevier Ltd. All rights reserved.
1. Introduction

Low back pain (LBP) is a common clinical condition, which may
present as an acute (<6 weeks), sub-acute (6e12 weeks) or chronic
(>12 weeks) incident (CLBP). Prevalence of CLBP in individuals
between 20 and 59 years is 19.6% rising to 25.4% in those older
(Meucci et al 2015). Both pain and disability are described, with
CLBP reported as the leading cause of years lived with disability
(Hurwitz et al 2018). Relapse of the condition is common, with as
many as two thirds of individuals having a recurrence within 12
months of initial onset (da Silva et al 2019). Non-specific LBP is low
back pain not attributable to a known cause and represents up to
95% of cases (Bardin et al 2017). Despite extensive research in this
area, disability levels have failed to improve (Tousignant-Laflamme
et al 2017).
1.1. Guidelines

Clinical practice guidelines for the management of non-specific
LBP in primary care (Oliveira et al 2018) recommend history taking
and physical examination to identify red flags which may indicate a
evier Ltd. All rights reserved.
possible serious pathology requiring onward referral. Neurological
testing is used where radicular syndrome is suspected, with im-
aging used only if a more serious pathology is suspected. This type
of assessment can categorise low back pain into non-specific LBP,
radiculopathy or specific LBP. Neurological examination may
include straight leg raise (SLR), and assessment of strength,
sensation and reflexes. Imaging is discouraged for routine usage.

General recommendations for the management of non-specific
LBP are non-pharmacological and non-invasive with advice to
stay active and to use patient education and exercise therapy
(O'Connell et al 2016). Reassurance of a favourable prognosis,
advice on returning to normal activities, and the avoidance of bed
rest are all suggested. The use of nonsteroidal anti-inflammatory
drugs (NSAIDs) and weak opioids is indicated for short periods
only. Exercise therapy and advice are important with secondary
referral where there are red flags, radiculopathy or no improve-
ment after 4 weeks.

In the NICE (National Institute for Health and Care Excellence)
guidelines on the treatment of LBP, exercise is a key treatment
modality, with manual therapy and psychological therapies only to
be considered as part of a treatment programme which includes
exercise (NICE, 2016). The focus is on self-management of LBP (with
or without sciatica) at all steps of the treatment pathway. The
guidelines emphasise that no one exercise type is superior to
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another, the choice of exercise intervention should consider patient
needs, preferences and capabilities. Psychological interventions are
recommended where psychosocial factors (yellow flags) are iden-
tified at assessment and limit recovery.

1.2. Exercise and psychological interventions

Exercise types used in the management of CLBP include (but are
not limited to) aerobic exercise, strength/resistance exercise, co-
ordination/stabilization exercise, motor control, and Pilates or Yoga.
All have been shown to effectively reduce pain and disability
(compared to passive or no intervention), but no differences have
been found between the different exercise modalities (Malfliet et al
2019). Where time is a limiting factor to compliance with home
exercise programmes, walking interventions may be used as they
have been shown to improve pain, quality of life, disability and fear
avoidance to a similar degree as exercise in patients with CLBP
(Vanti et al 2019).

Reductions of pain and/or disability resulting from exercise
therapy have been shown to be unrelated to musculoskeletal im-
provements such as mobility, trunk extension strength, trunk
flexion strength, and back muscle endurance (Steiger et al 2012).
This may suggest that changes in psychological factorsmay bemore
important drivers of improvement in pain or disability related to
CLBP.

Focusing on a single method of treatment or a single exercise
therapy approach (monodisciplinary treatment) is generally less
effective than combining exercise therapy with behavioural/psy-
chological approaches (multidisciplinary treatment). Long term
follow up (1 year) showing better improvement, measured as sick-
leave days (Roche-Leboucher et al 2011), and reducing disability,
fear-avoidance beliefs and pain, and enhancing patient quality of
life (Monticone et al 2013).

Psychological interventions when used in isolation can be
effective in the management of CLBP but have shown equal results
to active exercise interventions (Hoffman et al 2007). The use of
pain neuroscience education (PNE) and cognition targeted exercise
has been shown to reduce central sensitization and improve
disability (maintained for 12 months) when used as a mono-
disciplinary approach (Malfliet et al 2018). PNE aims to recon-
ceptualise pain relating it to an alteration of central nervous system
processing (‘software’ metaphor) rather than a direct result of tis-
sue damage (‘hardware’ metaphor) explaining the usual lack of
significant findings on imaging. In this way, PNE aims to reduce the
threat value of pain to reduce kinesiophobia and disability in the
short term especially (Malfliet et al 2019). Both PNE and exercise
therapy show strong evidence of benefit on pain and function in
musculoskeletal conditions, compared to only moderate benefit
(modest effect sizes) for non-steroidal anti-inflammatory drugs
(NSAIDs) and opioids (Babatunde et al 2017).

Exercise therapy may be given in a form which creates a bridge
between psychological and physical interventions to emphasise a
biopsychosocial approach to patient management. Cognition tar-
geted exercise focuses on stopping an exercise/activity at a specific
time (time-contingent) rather than as the result of discomfort or
pain (symptom-contingent). Such as approach relies heavily on
establishing a therapeutic alliance between the patient and thera-
pist, the latter acting as instructor rather than taskmaster.

Graded activity and graded exposure may also provide a bio-
psychosocial link. Graded exposure introduces activities which a
patient fears (e.g. flexion or lifting) in a hierarchical fashion (least
feared progressing to most feared) to gradually increase confidence
and capability. Graded activity is more physical in its aims, as it
progresses components of an exercise (e.g. strength, range of mo-
tion, aerobic fitness) applying overload with the aim of achieving
tissue adaptation. Graded exposure has been shown to be more
effective than graded activity in decreasing catastrophizing in the
short term (Lopez-de-Uralde-Villanueva et al 2016).

2. Back pain, tissue capacity and healing

2.1. Tissue capacity

Back pain is a condition which affects the whole person rather
than an isolated tissue. However, the concept of tissue overload
typically used in the management of peripheral soft tissue injury,
can provide a useful guideline to structuring a back-rehabilitation
programme. Tissue overload occurs when the load imposed on a
tissue exceeds its capacity; the capacity in this case being how
much the tissue can be loaded or stressed without breaking down.
Tissue capacity will differ between individuals depending on the
requirements of their work or sport, the condition of their tissues,
and age. In any movement, several tissues may be loaded simul-
taneously, and the one with the lowest capacity represents the
weakest link in the chain of movement and is often the one which
breaks down (Cook and Docking, 2015). To maintain tissue capacity
there is a continuous process of physiological maintenance via
adaptations in the body's metabolism, a process which represents
tissue homeostasis. Injury or overuse can disrupt homeostasis
leading to a cascade of biochemical changes. Excessive (supra-
physiological) loading on tissue will cause adaptation providing
there is sufficient time for recovery. A sudden imposition of
extreme force, however, may exceed the load capacity of tissue,
leading tomaladaptation (trauma). Similarly, repetitive small forces
which occur too frequently may not allow enough time for the
tissue to adapt to the new loading level (overuse). At the other
extreme, too little (sub-physiological) loading, such as would occur
with prolonged rest, also disrupts homeostasis leading to changes
such as muscle atrophy and bone mineral loss, reflecting decondi-
tioning and reduced tissue capacity (Norris, 2017).

The region of loading between under and over usage has been
described as an ‘envelope of function’ and represents the area of
load acceptance (Dye, 2005). Where loading exceeds the capacity of
a bodypart, the action can be envisaged as occurring outside the
envelope of function, and the tissues may enter the reactive phase
of a musculoskeletal (MSK) condition. At this stage reducing or
changing loading may restore homeostasis, with a view to later
increasing tissue capacity with progressive exercise and elevating
the upper limit of the functional envelope.

Poor load management can have effects both on the body as a
whole, and at a local tissue level. Repetitive loading without suffi-
cient recovery can cause cumulative tissue fatigue and increase
susceptibility to injury. At whole body level inappropriate loading
can prejudice a patient both psychologically and physiologically.
Joint kinematics and neural feedback can be compromised with
ongoing detriment to joint stability. Locally, excessive micro-
damage may occur if the magnitude of loading is beyond the in-
dividual tissue's load bearing capacity. Initially when loaded, tissue
changes are short term and reflect reaction. These include changes
such as increased blood flow through muscle and increased
metabolic activity. When loading stops, these changes are reversed,
homeostasis restored, and the tissue resumes its resting state.
Repeated loading causes the tissue to change more permanently,
and adaptation occurs the tissue progressing to a recovery stage.
Adaptation (for example increased muscle strength) allows the
body to tolerate higher loads. Training loads which are too lowmay
not stimulate adequate adaptation and can impair the tissues
ability to cope with higher loads in the future. Effective training
stimulates biological adaptation to increase the patient's capacity
to accept and withstand load, building resilience.
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2.2. Healing timescale

After injury, tissue heals following a defined timescale of
interacting phases (Norris, 2019). Injury (tissue disruption) usually
instigates inflammation, the two phases representing the reactive
period of recovery when a patients tissues are irritable, and
symptoms easily exacerbated. This phase typically lasts no longer
than 3e4 days post injury, although tissue may be repeatedly re-
irritated and re-enter the reactive phase. The reactive phase,
traditionally called the acute phase of recovery, is followed by a
sub-acute phase (which may last up to 14e21 days post injury)
where inflammation leads to tissue regeneration. As irritability dies
down and tissue can be loaded without increasing symptoms, the
patient enters the recovery period. At the completion of this sub-
acute phase (typically 3e6 weeks) tissue healing is complete, but
the patient remains deconditioned (often termed the chronic phase
of an injury). Rehabilitation now aims to build resilience to increase
the body's capacity to withstand loading, enhancing performance
and reducing the likelihood of re-injury. The terms reactive, re-
covery, and resilience are used as nomenclature within the 3R's
approach.

One aim of 3R's rehabilitation is to increase the capacity of the
injured tissue, and to offload it by enhancing the strength of sur-
rounding muscle. Tissue capacity may be built with progressive
overload, involving exercise which is either simple or complex.
Simple loading targets the specific tissue (for example the medial
collateral ligament of the knee), while complex loading targets the
tissue within the context of the whole limb or body region (for
example a squat action). The load chosen for 3R's back rehabilita-
tion must accurately reflect the type of load the tissue may be
placed under during any functional action in daily living or sport.
Training specificity of this kind is vital to increase tissue capacity
relevant to the patient's actions (patient centred) rather than
increasing capacity to fulfil pre-determined goals (therapist
centred).

3. Healthcare models

Healthcare models have evolved over the last century, from the
traditional biomedical model towards a more holistic bio-
psychosocial approach (Engel, 1977), and this has particular sig-
nificance in the management of LBP. The biopsychosocial (BPS)
model stresses the importance of a complex interaction between
biological (e.g. genetic, structure, chemical), psychological (e.g.
mood, behaviour), and social (e.g. family, environment, culture)
factors when treating a patient. This approach is less reductionist
than the standard biomedical model which directly links structure
to pathology (e.g. lumbar disc causing pain) seeing the body alone
as responsible for symptoms. The biomedical model traces back to
the 16th century and thework of Rene Descartes, with the view that
the body and mind are separate (Cartesian dualism). The biomed-
ical model remains dominant in the public understanding of illness,
and frequently encourages isolated pathological diagnosis in
healthcare. However, the BPS model underlies patient centred care,
and may better demonstrate the true effect of disability (Wade and
Halligan, 2017). The BPS model consists of three overlapping
components which may be considered a mixture of science and the
humanities, that is, normative data merging with narrative
description (Low, 2018).

In relation to LBP, essential features comparing the biomedical
and BPS models are highlighted in Table 1. From a biomedical
perspective, the view is of a single tissue causing pain in a pre-
determinedway. In this viewgreater painmeans greater harm, pain
intensity describing the degree of tissue damage. Further, the site of
pain defines the site of damage, and so treating this area alone will
give rise to a healing response. The BPS model in contrast, ratio-
nalises pain as an output of the brain designed to protect the body
from further harm, either real or perceived. The nervous system
senses the environment (both external and internal) and the brain
interprets the signals received by comparing the information with
past experiences, social norms, and beliefs for example. All regions
of the brain play a role in the pain experience and are collectively
described as a pain neurosignature, being part of the neuromatrix
theory proposed by Melzack (1990).

Several BPS factors may interact in patients with LBP (Table 2).
Physical influences include items such as alteration to movement
patterns, maladaptive postures and general deconditioning.
Cognitive factors include beliefs which the subject has about their
condition, which have led to catastrophizing, hypervigilance, and
poor self-efficacy. Thoughts that pain relates to tissue condition
(hurt equals harm), the back is naturally fragile, something has
‘slipped out’, that discs are ‘worn’will all limit recovery andmust be
addressed. Psychological influences include emotional response
such as fear, anxiety and depression, and these may drive associ-
ated lifestyle changes such as sleep disorders and chronic stress
responses. The social domain reflects influences from work, and
home/family especially, and this may be either positive (support) or
negative (judgemental). Finally, comorbidities may be important
with some (such as obesity) influencing back pain and being
modifiable, and others (such as chronic fatigue, irritable bowel
syndrome) being related to back pain but less directly modifiable.

4. The 3R's approach

To improve clarity in the process of rehabilitation following back
pain, the 3R's approach is suggested. The approach divides reha-
bilitation into three interrelated phases aligned with the healing
timescale but representing the patient experience of injury and
recovery.

4.1. Reactive phase

The reactive phase of the 3R's approach represents the stage in
which the patient and therapist form an alliance. The patient is
often fearful and in pain, so assessment, clinical reasoning and
education form a major part of patient management at this stage.
The reactive phase is the time when a treatment hypothesis is
formed, and treatment plan outlined. Typical treatment aims in the
reactive phase are highlighted in Table 3, but this can only be a
general guide as they are dependent on assessment findings.

Assessment of the patient with a low back injury may begin
using a diagnostic triage process by the first contact practitioner.
Absence of red flags (Table 4) helps to rule out serious spinal pa-
thology and identify those patients with non-specific LBP. A risk
stratification such as the STarT back risk assessment tool (Hill et al
2011; Sowden et al 2018) can be useful to identify those at high risk
of a poor treatment outcome. Additionally, patient prognosis,
responsiveness to treatment, and possible underlying mechanisms
may form part of a stratified care process to match patients to
treatment subgroups (Foster et al 2015). Identifying those patients
at low risk of a poor outcome ensures that patients are not over-
treated or overmedicalized, and imaging is not routinely used (NICE
2016). Equally, identifying those at high risk ensures that yellow or
red flags are not missed, and more intensive support is givenwhere
required, such as psychological intervention or onward referral.

Once treatment begins, patient education and maintenance of
normal activity should form the primary part of care for those at
low risk of a poor outcome, with self-management emphasised.
The reactive phase of 3R's back rehabilitation represents the period
where the patient's tissues may be irritable, and/or the patient



Table 1
Biomedical and Biopsychosocial models in Low Back Pain.

Biomedical model Biopsychosocial (BPS) model

� Tissue causes pain in a predetermined way
� Pain messages travel from tissue in specialised pain neuron to input into defined

brain regions
� Pain intensity describes amount of tissue damage
� Site of pain defines site/type of tissue damaged
� Target tissue with modality and pain will reduce

� Interaction between biological, psychological and social factors
� Pain as a brain output to protect body from further harm
� PNS senses environment, interpretation of signals as threat by CNS
� Information assessed by brain compared to past experiences
� All regions of brain play role in pain experience e pain neuromatrix (cerebral

signature)

(PNS e peripheral nervous system, CNS e central nervous system).

Table 2
Interacting factors in Low Back Pain.

Physical Cognitive Psychological Lifestyle Social Co-morbidities

Maladaptive posture & movement patterns
Pain behaviour
Deconditioning

Beliefs
Catastrophizing
Hypervigilance,
Self efficacy
Coping strategies

Fear
Anxiety
Depression

Inactivity
Sleep disturbance
Life stress

Socioeconomic status
Family
Work
Culture

Obesity
Chronic fatigue
Irritable bowel syndrome
Inflammatory disorders
Peripheral sensitization

(Data from O'Keefe et al 2015; O'Sullivan, 2017).

Table 3
Reactive phase e treatment aims.

� Triage for red and yellow flags to determine direction of care
� Consider therapy to target pain (e.g. manual therapies/medication) and protect region to limit irritability (e.g. rest, activity modification, taping)
� Assess for increased levels of co-contraction (splinting) & hypervigilance.
� Encourage relaxed movement for short term benefit
� Pain education to challenge maladaptive beliefs
� Mindfulness/mindful movement/breathing/relaxation
� Aerobic exercise integrated into current lifestyle (exercise versus ‘function-cise’)
� Use appropriate exercise depending on contra-indications (isolation/protected progressing to compound)
� Decrease neural sensitivity & improve cortical body mapping.

Table 4
Red flags in the examination of Low Back Pain.

� Cauda equina syndrome.
� Bilateral sciatica
� Severe or progressive bilateral neurological deficit of the legs, such as major motor weakness with knee extension, ankle eversion, or foot dorsiflexion.
� Difficulty initiating micturition or impaired sensation of urinary flow o Urinary retention with overflow urinary incontinence
� Loss of sensation of rectal fullness or faecal incontinence
� Saddle anaesthesia or paraesthesia).
� Laxity of the anal sphincter.

� Spinal fracture.
� Sudden onset of severe central spinal pain which is relieved by lying down.
� History of major trauma (such as a road traffic collision or fall from a height), minor trauma, or even just strenuous lifting in people with osteoporosis or those taking

corticosteroids.
� Structural deformity of the spine (step) with possible point tenderness

� Cancer.
� Patient aged >50 years of age
� Gradual onset of symptoms.
� Severe unremitting pain that remains when patient is supine
� Aching night pain which disturbs sleep
� Pain aggravated by straining at stool, or coughing/sneezing)
� Localised spinal tenderness.
� No symptomatic improvement after 4e6 weeks of conservative management
� Unexplained weight loss.
� Past history of cancer

� Infection
� Fever
� Tuberculosis, or recent urinary tract infection.
� Diabetes.
� History of intravenous drug use.
� Patient immunocompromised

(Data from: Nice clinical knowledge summary - Sciatica (lumbar radiculopathy) https://cks.nice.org.uk/sciatica-lumbar-radiculopathy#!diagnosisSub:1 accessed September
19, 2019).
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Table 6
‘S’ factors of fitness.

‘S’ factor Interpretation

Stamina Cardiovascular and local muscle endurance
Suppleness Range of motion, static and dynamic flexibility. Agility
Strength Concentric/eccentric/isometric
Speed Acceleration & deceleration/Power
Skill Movement quality/sensorimotor training
Structure Body composition/anthropometry
Spirit Psychological fitness/psychosocial aspects of injury
Specificity Task & sport related requirements

(Adapted from Norris, 2017).
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fearful. Local inflammation with or without tissue damage may
occur. Unloading the reactive or damaged tissue by avoiding tissue
stressing actions or protecting the area by using a support may
allow the irritable tissues to settle, and anxiety to reduce. Low back
pain is a multifactorial condition, which may occur without tissue
damage. Where tissue damage is present, temporary reduction of
activities may be required to allow symptoms to settle, with general
(non-spinal specific) activity re-starting as soon as possible to avoid
kinesiophobia.

Short term pain relief (hours, days) is often not considered
significant in LBP trials which measure efficacy over long term
outcomes (months, years). However, this type of relief is considered
important by individuals suffering from the condition itself
(Setchell et al 2019). Within the reactive phase of 3R's back reha-
bilitation short term pain relief is appropriate providing it is given
alongside patient education which aims to firstly differentiate pain
from tissue damage (hurt from harm), and secondly to reassure the
patient that some pain is normal. The use of manual therapy (joint
or soft tissue based), needling (acupuncture and dry needling), and
supports (taping and braces), may all have their place with certain
patients to enable them to get over a barrier to progress within 3R's
back rehabilitation. No technique is superior to another, and none
should be used long term or where patients become dependent
upon them. Where possible, self-management should be encour-
aged with patients applying cold or hot packs, supports, or using
resting positions to make them more comfortable as healing pro-
gresses. These aids should be used for pre-arranged time periods
only, and in conjunction with clear aims and outcomes. Active
strategies can be taught to find different ways to move in the
reactive phase to ease pain an improve sleep patterns, and relax-
ation techniques may be used to reduce fear and anxiety, and
muscle bracing.

4.2. Recovery phase

Treatment aims in the recovery phase of the 3R's approach are
shown in Table 5. In any soft tissue injury, as regeneration begins,
mechanical loading of the injured tissue may upregulate gene
expression of proteins involved in regeneration, and mechano-
transduction resulting from movement may enhance the healing
process (Khan and Scott, 2009). The key question is often how
much loading, and when. Optimal tissue loading has been defined
as “the load applied to structures that maximises physiological
adaptation” (Glasgow et al 2015).

In the case of peripheral soft tissue injuries, optimal loading
must address both themechanical properties of the affected tissues
and the central nervous system (CNS), to challenge the complete
neuromusculoskeletal system (Norris, 2017). Rather than simply
increasing load on tissues we are seeking to increase variation in
movement to encourage tissue adaptation in parallel with changes
to motor control, and Glasgow et al. (2015) cite three categories in
which load may be varied, an approach which may be adapted to
back rehabilitation. Firstly, to reduce repetitive loading, magnitude,
direction and rate of loading should be varied. Secondly stimulation
Table 5
Recovery phase e treatment aims.

� Progress from phase 1 when pain and/or fear no longer limits (able to walk 10min
� Teach that movement and loading are good for the spine
� Progressive exercise (simple to compound increasing in complexity)
� Coaching to give feedback (tactile, auditory, visual)
� Decrease fear of movement e introduce variety and challenge beliefs (e.g. bending/
� Build patients confidence with static hold of heavy loads - Isometrics if positive effe
� Build ‘S’ factors related to patient requirements
� Implicit versus Explicit meaning of an exercise
of the mechanotransduction effect may be enhanced by varying
loading to prevent accommodation to stimuli, where the body
simply gets used to a stimulus and it no longer has a substantial
effect. Finally, variable tensile, compressive and torsional forces
may build a stronger biological scaffold which creates tissue resil-
ience equipped to withstand a wider range of loading.

The use of activity in the recovery phase of back rehabilitation
may either emphasise common actions built into a patient's life-
style or be formed from specific exercise. Where exercise is used, it
is commonly either general (whole body) or specific (spine related),
and various components of fitness may be targeted to structure a
programme as detailed elsewhere (Norris, 2008, 2012, 2015).
Components of fitness may for convenience be categorized as ‘S’
factors (Table 6) and each action will involve an interplay between
various components. Exercise may be selected to emphasise a
particular component and increased or reduced in demand (exer-
cise progression and regression). Demand is typically measured as
exercise volume or dosage using the F.I.T.T mnemonic (Table 7).

Precision of movement can be important to avoid actions which
exacerbate a patient's symptoms. Cueing is used to give feedback
and enhance learning, and this may be visual (demonstration,
mirror, video feedback), verbal (instructions, metaphor, tone of
voice), tactile (touching, adjustment, mobilisation with move-
ment), or cognitive (implicit meaning, visualisation). Close coach-
ing places some of the responsibility for the movement outcome on
the instructor, which is reassuring to the patient in phase 1 of the
3R's approach. Later in the programme (phase 2) coaching is
gradually de-emphasised and thenwithdrawn (phase 3), to transfer
responsibility for decision making onto the patient. Similarly, ex-
ercise tasks become less targeted, changing from explicit meaning
(aim clearly stated, e.g. dumbbell shoulder press 2 sets of 10 reps
with 10 kg weight) to implicit meaning (aim not clearly stated, e.g.
place that weight on a high shelf). By reducing the focus of an ex-
ercise, variability is increased and decision making enhanced.

In many cases tissue damage may be minimal in LBP, and less
emphasis should be placed on the bio- aspect of the BPS model and
more on the psychosocial aspects. Exercise or activity is used earlier
in these cases (sometimes from day one) partly for its analgesic
effect, and to prevent kinesiophobia. Use of graded activity (pro-
gressive exercise) is commonplace in both wellness programmes
and rehabilitation to produce overload and instigate tissue
and sit to stand 3e5 reps)

lifting)
ct on pain (self efficacy).



Table 7
F.I.T.T mnemonic used in exercise prescription.

F FREQUENCY e How often

I INTENSITY e How hard
T TIME e How long
T TYPE e How varied
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adaptation. However, if pain onset is used as a stop point rather
than rating of perceived exertion (RPE) it may reinforce the
perception that ‘hurt equals harm’ and encourage a belief that
painful activity may result in damage to the back with a resultant
exacerbation of suffering (Bunzli et al 2015; Lagerman, 2018). Using
a time contingent approach rather than symptom contingent de-
emphasises the focus on tissue and pain (Nils et al 2014). Use of
training volume with the FITT mnemonic gives the opportunity to
change several variables in addition to time to suit patient re-
quirements. Use of exercise dosage in this way may be used to in-
fluence threat perception (Lagerman, 2018).

Two examples will be used to illustrate these principles. In the
first example, 4-point kneeling is used as a supported position for
the spine with minimal gravity effect. In the second example for-
ward bending is used to challenge patient beliefs and increase
functional capacity.
Image 2. 4 point kneeling, alternate arm and leg lift.
4.2.1. Example 1
A 4-point kneeling starting position is used. This may be

modified for patient comfort, using a pad beneath the knees, taking
weight through an open fist or the forearms rather than an
extended wrist, or by using lateral rotation at the shoulder to
reduce the degree of wrist extension. The patient may be encour-
aged to explore the alignment of the spinal curves using a pelvic tilt
(lumbar spine) and head position (cervical and thoracic spines),
and neck side flexion coupled with hip hiking (whole spine side
flexion) to challenge proprioception (image 1a/b). If pain occurs
during movement, the exercise should continue to establish if pain
reduces (stiffness) or increases (tissue irritability). In the reactive
phase of 3R's back rehabilitation, exercise can be regressed (FITT
changed) where pain is present. However, during the recovery
phase movement should continue through the onset of pain to
complete the action for the pre-agreed (patient agreed) exercise
dosage.

In the starting position the body is supported by both upper and
lower limbs as though it were a tabletop supported by four legs.
Removing one limb support challenges the trunk muscles and
places greater overload on the remaining limbs. Three progressions
may be used. For progression one the shoulders are swayed to the
left to off load the right arm, and the hand is lifted from the mat.
Tactile cueing may initially be given to guide the movement quality
Image 1. 4 point kneeling (a) s
and quantity. As movement skill improves, tactile cueing gives way
to verbal cueing. Progression two raises the arm forwards along the
mat keeping the fingers on the mat for balance, and progression
three raises the straight arm to the horizontal position emphasises
work on the shoulder and thoracic spine. Similarly, swaying the
pelvis to unload one leg, raising one leg backwards along the mat
with the toes on contact with the surface, the then lifting the leg
horizontally emphasises work on the hip and lumbar spine.
Combing contralateral arm and leg lifts (right arm/leg leg) chal-
lenges the trunk and limb musculature further (birddog or super-
man exercise)(image 2). Increasing repetitions and/or holding time,
adding weight bag or band resistance, or performing the exercise
on an unstable surface increase overload further (image 3).

4.2.2. Example 2
A bending action is performed from different starting positions

and to different movement ranges. Bending is included as it is often
a feared movement in patients with LBP, partly because bending
may have been involved in the initial driver of pain, but also
importantly because it is a movement often demonised in public
back care advice material. Bending is also an action which may be
considered functional as it is typically involved in daily tasks and so
is readily integrated into non-traditional exercise-based situations.
Bending towards the floor involves a combination of spinal flexion
with anterior pelvic tilt. Differentiating the two actions can be a
useful tool for patient education. Initially hip hinge motions may be
used to encourage pelvic motion, using both bent and straight knee
positions to illustrate hamstring involvement (hip hinge action).
Tactile cueing may be given using the therapists hands, or a pole
placed along the length of the patient spine (image 4a&b).
Although a useful isolation exercise, a hip hinge must not be
allowed to reinforce a patient's belief that bending the spine can be
dangerous. Progressing to spinal flexion is important, encouraging
a relaxed forward bend to reinstate the flexion relaxation (FR)
pinal flexion (b) extension.



Image 3. 4 point kneeling band resisted leg raise to horizontal.

C.M. Norris / Journal of Bodywork & Movement Therapies 24 (2020) 289e299 295
response, often lost in those with chronic LBP (Pag�e et al 2015;
More et al 2015). Encouraging spinal flexion (Pilates roll down
exercise or Jefferson curl) may be performed initially to high level
onto a chair or gym bench, and gradually to lower levels and the
floor (image 5). The emphasis should be to relax the musculature
using the breath (avoid breath holding, encourage exhalation) to
demonstrate the pain reducing value of allowingmuscles to relax to
reduce guarding. This bending action may then progress to lifting
actions from the floor and deadlift type movements for athletes in
the resilience stage of 3R's back rehabilitation.

Where patients are not able to perform structured exercise or
are not motivated to do so, common daily actions may be modified
Image 4. Hip hinge action using
to form rehabilitation tasks. Parking the car further from the
workplace to encourage walking, reaching for higher shelves in a
kitchen cabinet to encourage shoulder mobility and spinal exten-
sion, dog walking with increased distance and/or intensity, playing
with the grandchildren are all examples of increased activity which
challenge fitness and develop movement confidence. Again, time
contingency or the FITT mnemonic rather than symptom contin-
gency is used to establish dosage.
4.3. Resilience phase

Treatment aims for the resilience phase of the 3R's approach are
shown in Table 8. Resilience or ‘toughness’ is the capacity to recover
quickly from difficulties, or an individual's ability to return to a
natural state of balance or homeostasis outlined above. In colloquial
terms it is the ability to ‘get back up when you are knocked down’.
As with all phases of the 3R's approach, it can be viewed from a
biopsychosocial viewpoint. Mental or emotional resilience has been
said to have several factors; a positive attitude, optimism, the
ability to regulate emotions, and the ability to see failure as helpful
feedback (Psychologytoday.com, 2019). Physical resilience is the
body's capacity to adapt to challenges or demands and to recovery
effectively and will rely heavily on the ‘S’ factors of fitness. Social
resilience reflects lifestyle factors such as a supportive network of
family and friends, a good diet and adequate relaxation and sleep
all supporting recovery.

Resilience is an important concept, because LBP is a condition
which has been described as be over-treated (Deyo et al 2009). Pain
is part of everyday life and does not necessarily indicate harm and
should not automatically lead to suffering. Whilst an individual
pole (a) correct (b) incorrect.

http://Psychologytoday.com


Image 5. Roll down exercise to highchair
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may seek treatment for pain in the low back after gardening,
viewing the pain as negative (potential harm) they probably would
not seek treatment for muscle pain following a gym workout,
viewing this incident of pain as positive (sign of a good workout).

Within the 3R's back rehabilitation approach, the resilience
phase is the final stage of a progression of graded activity and
graded exposure. Throughout the recovery phase, physical capacity
has been redeveloped and should by now exceed pre-injury levels,
and the individual will have built confidence and optimism in
movement. These abilities are now increased with whole body
challenging tasks.

Throughout the 3R's progression, movement (motor) and
knowledge of this movement (sensory) are combined leading to
sensorimotor training. In the early stages there is less emphasis on
Table 8
Resilience phase e treatment aims.

� Progress from phase 2 when pain free and/or returned to typical daily
function

� Improve exercise variability while increasing movement confidence, and
reducing coaching

� Increase physical capacity and enhance function further using ‘S’ factors
� Improve full body conditioning e lifting, pushing, pulling, jumping, COD drills
� Exercises specific to functional requirements of patient e lifestyle/work/

sport.
� Challenge subject by introducing variation of environment, movement

complexity, apparatus, and decision making

(COD e change of direction).
this combination, and in the later stages more. Sensorimotor
training combines general control of the whole body with specific
control of individual bodyparts. Actions fuse aspects of free
movement (mobility) and stiffness (stability), and considerable
variation will occur between patients. Initially, variation may be
reduced where a style of performing an action drives symptoms. As
we progress to the resilience phase of the 3R's approach, movement
variability is encouraged as it gives patients a greater number of
movements to select from, increasing the likelihood of optimising
the action for each individual.

In the resilience phase of the 3R's approach, the complex actions
used canmimic requirements of a task which the patient is hesitant
to do as a result of their injury. In so doing they may be termed
functional or task specific. In addition, phase 3 exercises may
simply increase overload to take selected fitness ‘S’ factors to a
higher level. Strength should be increased with a variety of exer-
cises to load a bodypart in different ways to increase movement
variability. For example, a barbell shoulder press action (resisted
overhead reach) used in the phase 2 (recovery) may be performed
with a light weight to limited range and in a seated position to
reduce coordination demands and decrease body sway. The same
action type in phase 3 (resilience) would be performed with a
higher resistance, in standing to increase demands of both strength
and coordination. Variation would be added by using unilateral
(dumbbell) rather than bilateral (barbell) actions, both behind the
neck (press behind neck) and in front of the head (military press).
Strength can be progressed to speed (rate of movement) and power
(rate of doing work). Overhead ball throwing (single or double
handed) can be progressed to a medicine ball throw against a wall
(predictable environment) and then into the air (less predictable
environment), and finally with the action performed on an unstable
base.

Predictability of the environment is an important consideration
in motor skill training (Table 9), with a closed skill performed in a
predictable environment and an open skill performed in an un-
predictable environment. Skill training may also be varied by
altering movement organisation. A single standalone action (iso-
lated) requires close focus and so aids learning. Performing multi-
ple repetitions of the action (repeated) builds familiarity, but focus
is not as close due to fatigue and the possibility of distraction. A
cycle of the same actions (continuous) reduces attention demand
and moves the action towards becoming automatic (autonomous
stage of motor learning).

Decision making is also an important consideration. In early
rehabilitation (phase 2) coaching is used extensively to identify
unwanted actions and motivate the patient, and give cueing
(tactile, verbal, visual). However, close coaching partially shifts re-
sponsibility for the action onto the instructor. Requiring the patient
to make decisions shifts responsibility for outcomes back to the
patient in phase 3 (resilience), and so coaching is reduced. Decision
making requires analysis of the problem. For example, in a ball
catching movement, the patient must analyse to determine where
the ball is going to appear (high, low, to the side etc) and then
explore options (where should I stand to ensure a catch, where
should I put my hands). Once decisions are required, one must be
chosen (picking the best option), and sometimes this will be right
and sometime not. Over time, the patient learns which actions are
more likely to give a positive result.

The following examples are of resilience-based tasks for phase 3.

4.3.1. Example 3
Manual handling is often an action which can give rise to back

pain, and this combined with sometimes outdated back pain pre-
vention advice can make it an action approached with caution.
Example 3 is a lifting and moving task combining several actions.



Table 9
Classifying skills.

Movement organisation
Discrete Serial Continuous
Definite start and finish Number of discrete actions linked No definite start or finish
Mental or Physical involvement
Motor Cognitive
Less decision making More decision making
Influence of environment
Closed Open
Predictable environment Unpredictable environment

(from Norris, 2013).
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The patient begins standing in front of a heavy bag or weight (core
bag or medicine ball). They lift from the floor and turn to the right,
carry the bag 5e10 paces and place it onto the shoulder high shelf
(image 6). They pause, and then reverse the action taking the bag
from the high shelf, turning, carrying, and then placing the bag back
onto the floor. Initially this action is predictable (turn to the right on
the first rep, to the left on the second) and performed at slow speed
(walking pace). Predictability is reduced by the instructor calling
out the direction of turn and timing the action to target speed.
Different heights of lift (step bench/gym bench/high stool),
Image 6. Bag lift and carry.
weights, and weight shapes (sandbag with movement contents,
asymmetric shape), and surfaces (gymmat/low hurdle to step over)
may also be used to increase task variability.

4.3.2. Example 4
This is a deadlift action which progresses from the recovery

phase (example 2) to build strength in the hip and spinal muscu-
lature while at the same time working on a coordinated action, and
building confidence to lift from the floor. The deadlift is a classical
compound (whole body) exercise seen in many gyms (image 7a).
The traditional action begins with an Olympic barbell placed in
front of the patient, the bar at mid shin level. Feet are hip width
apart and turned out slightly, and the action is to bend the legs
(ankles, knees, hips) keeping the back straight and to grip the bar.
By standing up, the bar is lifted from the floor in a vertical path
(keeping it close to the body) using the strength of the lower body
to generate power to lift and of the upper body to provide the
stability to hold the bar at mid-thigh level at the top of the lift.

As well as increasing overall strength (especially lower body
strength) the deadlift rehearses a coordinated action between the
legs, pelvis and low back while keeping the load close to the body
posture line.

The classical movement may be modified in several ways
(image7b). The bar may be placed higher or lower, dumbbells may
be used in favour of a barbell to position the load to the side of the
body rather than in front. A single kettlebell or medicine ball may
be used to lift from a position closer to the floor and/or to increase
the speed of movement. A deadlift frame (Shrug or Hex bar) may be
used with the patient standing inside the frame and gripping in a
sagittal plane rather than the frontal plane grip used in the classical
bar lift. The speed of the classical lift may be increased (strength
training progressing to power work) to perform a power clean, or a
medicine ball may be lifted from the floor and thrown towards a
wall or training partner.

5. Discussion

The 3R's approach to back rehabilitation represents a structured
care pathway incorporating pain management, patient education,
and physical conditioning. It aims to present holistic therapeutic
management within a biopsychosocial framework. As such the
emphasis is on whole person management rather than tissue spe-
cific treatment. The three phases of the 3R's approach (reactive,
recovery, resilience) represent a progression which is both tem-
poral and functional. As healing progresses, pain and inflammation
subside and recovery ensues with patients typically returning to
some level of function. However, the nature of LBP is such that
function is often reduced and recurrence of symptoms typical. The
3R's approach aims to increase a patient's capacity to improve
function and lessen the likelihood of recurrence.

Patients may enter the 3R's pathway at various stages. Those
with a recent injury or pain onset will naturally enter at phase 1



Image 7. Deadlift action (a) classical (b) modified.
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(reactive). However, thosewith a history of recurring LBPmay enter
at stage 2 (recovery) where deconditioning is a driver of their
condition, or at stage 3 (resilience) where kinesiophobia is present
in the absence of significant other symptoms. It is important that
patients progress to the final stages of the 3R's approach, as failure
to do so may leave them open to re-injury. Relieving pain in stage 1
without engaging in physical activity, or conditioning the back
tissues in stage 2 without building confidence in movement vari-
ation, can leave a patient at risk of recurrence and the development
of chronicity. The 3R's approach attempts to improve patient care
by combining the skills of therapists and exercise professionals.

Clinical relevance

� This article provides evidence-based knowledge on the reha-
bilitation of low back pain

� The 3R's approach to back rehabilitation presented is a patient
targeted method of progressive rehabilitation constructed on a
biopsychosocial model.

� The rehabilitation approach is multimodal and crosses profes-
sional boundaries linking the therapy and exercise professions.
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