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Objectives

• Review popular historical models surrounding exercise and low back pain in the 
context of  causal clinical reasoning and mechanistic research 

• Identify the guidelines for pathological low back pain

• Propose an updated framework of  exercise for low back pain based on 
neurobiological and psychological pain mechanisms

• Discuss current evidence for an updated framework

• Consider key components of  exercise selection and prescription for low back pain
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Mechanistic Reasoning

Mechanism: The pathway between a cause and an effect. 

Diagnostic Mechanism: How a diagnosis causes an effect

How do weak core muscles cause low back pain

How do demons cause low back pain

Treatment Mechanism: How a treatment causes an effect

How does exercising increase core muscle strength and thereby decrease low back pain

How does exercising remove demons and thereby decrease low back pain

Mechanistic Reasoning and Exercise for LBP

Understanding the mechanisms of  our treatment help target the treatment 
better

Traditionally, exercise has been advocated to decrease back pain via numerous 
biomechanical mechanism

Common Hypothesized Treatment-
Mechanisms for LBP

Treatment
Motor Control Exercises

Core Stabilization

Yoga

Postural Exercises

Spinal Manipulation

Directional Preference

…

Mechanism
Coordination of  specific muscles fixes dysfunctional movement

Strength in core muscles protects damage to other back structures

Flexibility and core strength protect back

Poor posture causes back pain

Misaligned joints cause back pain

Reduces disc herniation and takes pressure of  painful areas

…
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Mechanistic Clinical Reasoning

To determine that a movement dysfunction or tissue pathology (or demons) needs to be treated via exercise for low 
back pain to improve, we need to establish 5 fundamental truths/conditions, in this order:

#1. We can accurately and reliably measure the movement dysfunction (e.g., ROM, core instability, posture) or the 
presence of  tissue pathology (e.g., disc degeneration, meniscal tears) 

#2. We can confirm that the measured movement dysfunctions, or the presence tissue pathology, occur in people 
who have pain and do NOT occur in people who do not have pain

#3. We have an intervention that can change the movement dysfunction and/or tissue pathology (and, we can 
measure that change, which is related to #1)

#4. When we apply this intervention to the movement dysfunction and/or tissue pathology it causes change, and 
when we don’t apply the intervention to the movement dysfunction, there is no change 

#5. When we do change this movement dysfunction or tissue pathology, there is a resolution of  symptoms. And 
when we don’t change this movement dysfunction or tissue pathology, there isn’t

Mechanistic Clinical Reasoning

#3. We have an intervention that can change the movement dysfunction and/or 
tissue pathology/demons (and, we can measure that change, which is related to #1)

#4. When we apply this intervention to the movement dysfunction it causes 
change, and when we don’t apply the intervention to the movement dysfunction, 
there is no change 

#5. When we do change this movement dysfunction or tissue pathology, there is a 
resolution of  symptoms. And when we don’t change this movement dysfunction or 
tissue pathology, there isn’t

This is the key research that helps us understand treatment mechanism

Mediation Analysis

Added onto a randomized controlled trial to understand how a treatment caused an effect on 
an outcome 

Randomized Controlled Trial: PT vs. education for low back disability

A secondary analysis, called a mediation analysis, to determine if  changes in a mediator variable 
caused an improvement in the outcome in one group compared to the other

Mediation Analysis: Did a change in strength in the PT group cause the improvement in 
low back disability compared to the education group

i.e., is strength a mediator between PT and improvement in LBP disability

This is an important question because if  we know that strength does mediate the relationship 
between PT and improvements in LBP disability…we want our exercises to target strength
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Joyce et al, 
JOSPT, 2021 

What is the treatment?
What is the potential mediator variable?
What is the outcome?

Pop Quiz!

Wood et al., Jour Phys Ther. 2023

What is the treatment? Pilates
What is the potential mediator variable? Pain Catastrophizing at 6 weeks
What is the outcome? Pain Intensity at 6 months

Pop Quiz!

Wood et al., Jour Phys Ther. 2023

10

11

12



10/11/2023

5

• There was a total effect of  -0.96 of  Pilates exercises on back pain intensity at 6 months
• Broken down into Total Natural Indirect Effect was  of  -0.21 and a Pure Natural Direct Effect of  

-0.75
• In other words, change in pain catastrophizing mediated -0.21 points of  the total treatment effect 

of  Pilates on pain intensity
• About 20% (.20) of  the treatment effect of  Pilates on low back pain intensity was due to a change 

in pain catastrophizing

Wood et al., Jour 
Phys Ther. 2023

Low Back Pain Guidelines

George et al., JOSPT 2021

Low Back Pain Guidelines

Qaseem et al., ACP 2017 
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Low Back Pain Guidelines 

Nice, 2020

Consider a group exercise program (biomechanical, aerobic, mind-
body, or a combination of  approaches) for people with a specific 
episode or flare-up of  low back pain with or without sciatica. Take 
people’s specific needs, preferences, and capabilities into account 
when choosing the type of  exercise.

Low Back Pain Guidelines 

Hayden et al., Cochrane, 2021

We believe that the most effective components and approach of  exercise treatments for low back 
pain patients have yet to be confirmed. Effectiveness studies have only recently raised the 
importance of  considering likely mechanisms of  effect and few available trials appear to have 
planned their interventions considering potentially effective mechanisms. Exercise treatments 
investigated have been heterogeneous in treatment design, dose, delivery format, specific 
exercise types

Low Back Pain Guidelines 

Oliveira et al., Eur Spine J, 2018
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Common Hypothesized Treatment-
Mechanisms for LBP

Treatment
Motor Control Exercises

Core Stabilization

Yoga

Postural Exercises

Spinal Manipulation

Directional Preference

…

Mechanism
Coordination of  specific muscles fixes dysfunctional movement

Strength in core muscles protects damage to other back structures

Flexibility and core strength protect back

Poor posture causes back pain

Misaligned joints cause back pain

Reduces disc herniation and takes pressure of  painful areas

…

Common Hypothesized Treatment-
Mechanisms for LBP

Treatment
Motor Control Exercises

Core Stabilization

Yoga

Postural Exercises

Spinal Manipulation

Directional Preference

…

Mechanism
Coordination of  specific muscles fixes dysfunctional movement

Strength in core muscles protects damage to other back structures

Flexibility and core strength protect back

Poor posture causes back pain

Misaligned joints cause back pain

Reduces disc herniation and takes pressure of  painful areas

…

If  many different types of  exercise 
can help with low back pain, 
targeting these specific mechanisms 
with exercise is probably unnecessary

But…Exercise is Helpful!

The underlying beneficial mechanism of  exercise probably is not biomechanical

The underlying beneficial mechanism of  exercise probably is pain-processing
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Pain is a System

The experience of  pain is a result of  a complex interplay between nervous, 
endocrine, and immune systems

All within a person (self)

Who lives in a society 

Supraspinal Mechanisms
• Hyperactivity in brain regions involved in pain processing
• Decreased activity in brain regions involved in pain 

modulation
• Elevated Substance P and Glutamate
• Decreased GABAergic transmission
• Glial cell activation

Spinal Mechanisms
• Spinal cord reorganization
• Amplified nociceptive processing
• Diminished spinal inhibition
• Glial cell activations

Peripheral Features
• Changes is soft-tissue pH (e.g., muscles, tendons)
• Expanded peripheral field of  afferent nociceptors

Fitzcharles et al., Lancet 2021

Supraspinal Mechanisms
• Hyperactivity in brain regions involved in pain processing
• Decreased activity in brain regions involved in pain 

modulation
• Elevated Substance P and Glutamate
• Decreased GABAergic transmission
• Glial cell activation

Spinal Mechanisms
• Spinal cord reorganization
• Amplified nociceptive processing
• Diminished spinal inhibition
• Glial cell activations

Peripheral Features
• Changes is soft-tissue pH (e.g., muscles, tendons)
• Expanded peripheral field of  afferent nociceptors

Exercise beneficially affects all 
these mechanism…and more
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Pain Mechanisms of  Exercise References
• Lesnak JB, Sluka KA. Mechanism of  exercise-induced analgesia: what we can learn from 

physically active animals. Pain Rep. 2020 Sep 23;5(5):e850. doi: 
10.1097/PR9.0000000000000850. PMID: 33490844; PMCID: PMC7808683.

• Lesnak JB, Berardi G, Sluka KA. Influence of  routine exercise on the peripheral immune system 
to prevent and alleviate pain. Neurobiol Pain. 2023;13:100126. Published 2023 Mar 21. 
doi:10.1016/j.ynpai.2023.100126

• Lima LV, Abner TSS, Sluka KA. Does exercise increase or decrease pain? Central mechanisms 
underlying these two phenomena. J Physiol. 2017;595(13):4141-4150. doi:10.1113/JP273355

• Sluka KA, Frey-Law L, Hoeger Bement M. Exercise-induced pain and analgesia? Underlying 
mechanisms and clinical translation. Pain. 2018 Sep;159 Suppl 1(Suppl 1):S91-S97. doi: 
10.1097/j.pain.0000000000001235. PMID: 30113953; PMCID: PMC6097240.

Key Ingredients of  Exercise for Pain

Adherence + Intensity + Duration

Adherence: The patient needs to do it, and not just because you tell them to

Intensity: The intensity of  the exercise needs to be sufficient to initiate 
endogenous and anti-inflammatory processes 

Duration: Every little bit helps…but less more is more
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Adherence

7 Reasons Why Exercise Sucks

1. It requires moving

2. Sweating is gross

3. There’s not enough time

4. I want to punch the people in workout videos

5. It’s embarrassing

6. It hurts

7. It’s not fun

https://thepinterestedparent.com/2015/02/7-reasons-why-exercise-sucks/

Adherence

What are some barriers to adherence? 

Resources

• Time, Equipment, Space, Family responsibilities, other Social determinants 

Fear

Pain

Motivation

Adherence

What are some barriers to adherence? 

Resources

• Time, Equipment, Space, Family responsibilities, other Social determinants 

Fear

Pain

Motivation
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Fear and Pain

There is a reciprocal relationship between fear and pain

There is a historical belief  that exercise, and movement, can cause pain

And, that this pain means something bad is happening

The Enduring Impact of  What Clinicians Say 
to People With Low Back Pain(Darlow et al., 2013)

• [The doctor] said most likely it was just a lumbar sprain... when I get that sharp pain, I guess 
that I’ve moved in a way that’s continually putting strain on an area of  the muscle that I’ve 
damaged...my assumption would be that I was making it worse

• When [the current episode] first happened, the only thing that was going through my mind is 
the seriousness of  my dis-alignment [sic] of  my back.... I was really petrified...you get scared 
in the sense that you could damage your spinal cord, or anything, to such an extent that you 
might become paralyzed

• I injured my back, and I think they described it as...a slipped disc.... Something 
she’d also said to me, “Unfortunately, because you’ve done this, you have a very high 
chance of  doing it again.” Now, I connect any pain that I feel round there to that

The Enduring Impact of  What Clinicians Say 
to People With Low Back Pain(Darlow et al., 2013)

• Basically all I’ve kind of  been told to do by physios is to work on my core...I’ve 
been tested by various different physios, and Pilates, and I’m apparently 
ridiculously weak.... I had an abortion because I didn’t think I could have a baby. I 
didn’t think I could handle it...carrying it, and having extra weight on my stomach

• Do all those things that the physio told me to do. Or not to do.... She’s told 
me more what nots [sic] to do, than what to do. So I think those what nots 
[sic] to do are more important

• I was worried that...I would do things [at work] that would further damage 
my back.... [The doctor] basically said that I shouldn’t do any bending or 
lifting. Which is a lot of  the job
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Red and Yellow Flags

Red Flags: Cauda Equine Syndrome, Malignancy, Fracture, Infection
Finucane LM et al. International Framework for Red Flags for Potential Serious Spinal Pathologies. J Orthop Sports Phys
Ther. 2020 Jul;50(7):350-372. 

Yellow Flags: Fear avoidance beliefs, kinesiophobia, pain catastrophizing, 
expectations for passive treatments, depression, anxiety
Lentz TA, et al. Development of  a Yellow Flag Assessment Tool for Orthopaedic Physical Therapists: Results From the 
Optimal Screening for Prediction of  Referral and Outcome (OSPRO) Cohort. J Orthop Sports Phys Ther. 2016

Adherence

Dissociate pain from damage
• Pain science education; Pain neurophysiology education

Associate exercise with analgesia

Discuss maladaptive beliefs
• What do you think will happen if  you exercise?

• What do you think the pain means when you exercise?

• What do you think it means if  you have increased pain after you exercise?

Adherence

Elicit behavioral change talk 

• What do you think it stopping you from exercising?

• What would it take for you to begin an exercise program?

Design a program that is patient-centered

• What is it that you want to be able to do that you feel like you can’t?

• If  you were to pick a form of  exercise, which type do you think you would want to 
do?

• How much time do you think is realistic for you to be able to exercise?
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Adherence

Consider the fear-avoidant movements

Break down the movement into small pieces and practice them in a safe 
environment

• Provide visual reinforcement (e.g., a mirror) to show that they are accomplishing the 
movement

Build the movement back and bring that movement into the patient’s 
environment

Adherence - Pain

Green Light

No pain with exercise; Soreness that lasts 1-2 days after. Keep progressing.

Yellow Light

Pain during exercise that is similar intensity to the patient’s normal pain, or slightly higher but 
goes back down after stopping the exercise or within 24 hours. Stay within this exercise

Red Light

Pain increases during exercise by >2 points on NRS. Does not settle down after stopping exercise 
or within 24 hours. Regress the exercise

Intensity

Intensity refers to the amount of  effort or energy expenditure an exercise (or 
activity) requires

A common metric used is Metabolic Equivalent Task (MET)

There is a published list of  activities and associated METs that can be used to 
gauge the intensity of  an exercise

However, more accurate measures can be used depending on the activity
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Intensity: Metabolic Equivalent Task

https://www.hsph.harvard.edu/nutritionsource/staying-active

Aerobic Intensity: Heart Rate

Measuring Intensity

Intensity can also be measured by a percentage of  heart rate

Age-Predicted Maximal Heart Rate (APMHR)

• Fox Equation: 220-Age

• Tanaka Equation: 208-(0.7*age)

Intensity is then prescribed at a percentage of  the APMHR

Target Hearth Rate = Target exercise intensity * APMHR

Intensity: Rate of  Perceived Exertion

A crude perceptual-based approach for exercise intensity

Two scales, 0-10 and 6-200

Can loosely carry-over to Target Heart Rate
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RPE and Target Heart Rate

Resistance Intensity: Repetitions in Reserve 

• Repetition in Reserve (also 
called Reps ‘till failure) is a 
measure of  the amount of  
repetitions  “in reserve” at 
the end of  one set of  an 
exercise

• The fewer the Repetitions in 
Reserve, the higher the 
intensity of  the exercise

https://e3rehab.com/

RPE and RIR

https://e3rehab.com/
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Exercise Intensity and Duration Guidelines

Exercise intensity needs to be sufficient to elicit the endogenous analgesic effects of  
exercise

There is no specific intensity guidelines, however, there are physical activity guidelines 
that can be followed

At least 75-150 minutes of  vigorous-intensity aerobic exercise week OR 150-300 
minutes of  moderate-intensity aerobic exercise OR a combination of  both, per week

At least 2 days of  moderate-vigorous strengthening exercises involving all major 
muscle groups

Intensity Parameter

Moderate Aerobic Intensity: 60%-70% Max HR

Vigorous Aerobic Intensity: 80%-90% Max HR

Moderate Resistance Intensity: 3-4 RIR

Vigorous Resistance Intensity: 0-2 RIR

Key Takeaways

• We know exercise helps but we don’t know HOW it helps (i.e., the mechanism)

• Assess psychological readiness/fear to exercise and use behavioral-change talk

• Develop patient-centered exercise programs based on their preferences, readiness, 
and resources

• Sweat the big stuff  (adherence, intensity, duration), not the small stuff  (ideal 
muscle activation, single joint exercises/stretches) 
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