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ABSTRACT

Background

Plenty of evidence has pointed out the reciprocal influence that adipose tissue has with the
genesis, progression and perception of chronic pain. Musculoskeletal pain can entail
avoidance of physical activity and weight gain; on the other hand, several studies have found
a higher body mass index to be a risk, aetiologic and negative prognostic factor in chronic
musculoskeletal conditions.'™

Indeed, excess adipose tissue finds its link with chronic pain on multiple levels: in its
mechanical mechanisms, as an excessive load on joints;’ in its influence on the cognitive and
behavioural sphere; more importantly, in its role as a low-grade inflammatory status
generator.™> When excess fat is stored in the body, infact, pro-inflammatory immune cells
and dysfunctional adipokites secrete pro-inflammatory cytokines.>

On the other hand, recent observational epidemiological evidence suggested that subjects
with excessive fat mass have an increased risk of suffering from chronic pain, regardless of
their body mass indexes, switching the focus on body composition rather than BML®

In addition, recent studies on chronic pain reported a strong association with sarcopenia and
increased adipose tissue, due to physiological senescence-associated chronic
inflammation.”"

In the last years the anti-inflammatory implications of physical exercise have drawn
attention.”'™* Notwithstanding this, little evidence exists about the effects of exercise on
adipose tissue-related inflammatory markers contextually to the management of chronic

musculoskeletal conditions.

Objectives

The core objective of this review is to explore the existing evidence about the modalities and
effectiveness of physical exercise for the management of musculoskeletal chronic pain
conditions, through its effects on adipose tissue-related pro-inflammatory markers.

This work will therefore try to offer insights for rehabilitation and for the deployment of

further evidence about the the effectiveness of physical exercise on inflammation.



Methods

Three electronic databases were searched from inception to March 2024. The results were
screened first through Rayyan.ai web tool for literature reviews, than applying the eligibility
criteria through the reading of title, abstract, and lastly full texts,

Clinical and randomised controlled trials investigating the different modalities and effects of
physical exercise on systemic low-grade inflammation, more specifically on adipose tissue-
related pro-inflammatory markers were included in the review.

No methodological or quality assessment was carried out, due to the nature of the review and

of the retrieved results.

Results

Ten articles met all the criteria and were therefore included in the present review.

Three studies investigated virtual reality training in comparison with either isokinetic
exercise, combined training and sensorymotor training; two studies analysed isokinetic
training versus either aerobic, core stability and control groups; two articles focused on
resistance training; the two remaining works compared lumbar stability exercise with graded
activity exercises, and tai chi with light exercise training.

The studies differed for the methodologies and kinds of the outcome measures, for the

samples’ characteristics and sizes.
p

Conclusions

This review summed up the evidence investigating the effects of exercise interventions on
inflammatory markers related with adipose tissue in different populations of musculoskeletal
patients. No specific type of exercise seemed to be significantly more effective in targeting
inflammation. This is surely affected by the scarsity and heterogeneity of literature on the
matter. Though exercise therapy appears to actually have a beneficial effect on low-grade
inflammatory status, there is need for more trials to be taken on to shift our clinical practice

towards a more systemic approach with chronic musculoskeletal patients.



1. INTRODUCTION

1.1 Adipose tissue and chronic pain

Adipose tissue links with chronic pain in various ways: through mechanical mechanisms,
possibly leading to an excessive load on joints,” influencing indeed the cognitive and
behavioural sphere, but more importantly, triggering a low-grade inflammatory status.*

The different cellular elements that make up adipose tissue are involved in the synthesis and
release of various factors that accumulate in body organs and tissues, including adipokines,
cytokines, chemokines and growth factors. All of them may participate in pathological pain
development by interacting with muscle, skin and visceral nociceptors.’

When excess fat is stored in the body, infact, pro-inflammatory immune cells and
dysfunctional adipokites secrete pro-inflammatory cytokines.™® This is stated by the elevated
levels in inflammatory markers in the serum, such as interleukin-6 (IL-6) and C-reactive
protein (CRP).*

As much as one third of circulating IL-6 originates from adipose tissue. Tumour necrosis
factor-alpha (TNF-a) is also a cytokine involved in the inflammatory cascade; it is primarily
produced by activated macrophages, but it is also secreted by adipose tissue.''*

Interestingly, TNF-o and interleukin-6 (IL-6) elevated levels are associated with less
responsiveness to treatment in chronic pain patients.'’

Leptin, a pro-inflammatory adipokine predominately expressed by subcutaneous adipose
tissue, is associated with sensitivity to pain.'® Moreover, the presence of increased leptin
levels in overweight people with osteoarthrosis (OA), seems to facilitate further
inflammation and joint damage in general.'®

The Body Mass Index scale defines a value >25 kg/m” as overweight, obesity is commonly
defined as >30 kg/m?, whereas a BMI that is greater than 40 kg/m? is considered as “morbid”
obesity. This value is calculated by dividing body weight (kg) by body height (m) squared.
This scale, therefore, does not account for either the type or the distribution of body weight
and different types of tissues.’

Broad reasearch has focused on the relationship between a high BMI and musculoskeletal
pain.

BMI, though, failes to identify all people with an excess percentage of body fat, which might
send wrong information to those with normal BMIs but excess body fat.®

Supporting this, Runhaar and his team found that the significant improvement in pain and

function after a diet plus exercise intervention among overweight and obese individuals with
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knee OA, is partly mediated by changes in inflammatory factors (IL-6, TNF-a, IL-1sR and
CRP), only minimally explained by BMI changes."’

Many authors to date have focused on investigating the relationship between other indicators
of obesity and the risk of low back pain (LBP), such as waist circumference, waist-hip ratio,
body fat rate, and total body fat mass, in an attempt to explore whether fat mass played a role
in the process.*'®

Physical activity, irrespective of weight reduction through diet, has been found to increase
lean body mass by initiating skeletal muscle growth, improving general health status even if
no weight is lost, because physical activity improves plasma lipoprotein profile.'

On the other hand, clinical studies on chronic pain in the elderly reported that pain is
associated with sarcopenia, which is the age-related muscle mass reduction, and with
increased fat accumulation and substitution.’

Given the possibility that age-related change in body composition occurs on the basis of

10.194¢ could

chronic subclinical inflammation and causes chronic pain as a geriatric sydrome,
be indeed beneficial also for the elderly patients to investigate the pathological mechanisms
of skeletal muscle related pain through therapeutic exercise as an anti-inflammatory agent.”

Given the fact that, as aforementioned, adipose tissue is an active cytokine-secreting organ,
involved in the development and lingering of musculoskeletal pain, the present review will
focus on the studies which investigated the inflammatory markers mentioned below and their

variations due to physical activity.

1.2 Exercise and inflammation

Since a single bout of exercise induces an inflammatory response (IL-6 production) that is
similar to that brought about by infection or trauma (except for minimal production of TNF-a
and IL-1p after exercise) there is controversy about whether or not physical exercise could
actually reduce chronic inflammation.*’

Notwithstanding that, without the production of the proinflammatory cytokines mentioned
before, IL-6 is regarded as an anti-inflammatory cytokine.

Physical exercise, therefore, could decrease low-grade inflammatory status, either by
increasing the anti-inflammatory cytokine production or by reducing the proinflammatory
cytokine production.'’

The potential for regular physical exercise as an anti-inflammatory intervention is

increasingly being recognized, even among inflammatory disorders in which exercise was
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previously contraindicated or not considered as a treatment, such as muscle myopathies,
COPD, rheumatic diseases.'? Yet, the efficacy of exercise for reducing inflammation
requires further research. Infact, a proper analysis of the mediating role of the anti-
inflammatory effect of exercise therapy has never been performed.

There is a general lack of understanding of exercise therapy mechanisms of action.

A systematic review on potential working mechanisms of exercise therapy for knee and hip
OA revealed that only six out of the potential 94 studies actually evaluated the association
between a mediating factor and the improvements in pain/function.'’

The amount of fat mass is undeniably one of the strongest correlates of circulating
inflammatory biomarkers, and therefore needs to be accounted for when examining
relationships between physical activity and inflammation.*

The reasons for the inverse association between physical activity and inflammation are not
entirely understood, but this relationship is likely related, in part, to the effects of physical

activity on adiposity and the plasma lipoprotein profile.

1.3 Exercise therapy: which and how much

There are no guidelines for exercise prescription specifically designed to reduce systemic
inflammation, but until further research is conducted it is suggested that guidance should be
taken from studies investigating the effect of physical activity on body fat.'?

The American College of sports Medicine has suggested that moderate-intensity physical
activity between 150 and 250 minutes per week is effective to prevent weight gain. On the
other hand Wareham et al suggested that there is a need for 45 to 60 minutes per day of
moderate-intensity physical activity to prevent obesity.*'

The World Health Organisation (WHO) suggests that an adult should do an amount of
exercise similar to the American College of Sports Medicine, but extended the earlier
guidelines recommending vigorous intensity aerobic exercise and muscle strenghtening
components to get a protective effect against chronic pain and chronic diseases.”

The present guidelines consider ,,acrobic exercise* any exercise which needs a significant
involvement of great mass of activated muscles, for a sustained time. These variables,
combined with the moderate intensity and prevalent concentric contraction parameters, also
lead to the highest production of anti-inflammatory IL-6.""

An interesting review by Gibbs and his colleagues investigated weather the exercise

intervention trials for chronic LBP met the WHO guidelines; the eligible studies were
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unsurprisingly scarce. Indeed, the amount and type of exercise needed to reduce pain and
disability is often considerably lower than that required for the prevention and management
of chronic disease.”

High-impact physical activity is usually poorly tolerated by individuals with chronic
musculoskeletal pain and therefore low-impact activities initiated at a very gradual pace
could be considered to help promote compliance.”’

Therefore, beginning with a smaller dose of exercise that is tolerated by the patient, and
gradually increased it to WHO physical activity guidelines levels, would be a practical

approach.



2. METHODS (pcc)

This review was conducted according to the Population Concept Context framework
recomended by JBI.

Articles published in English language, peer-reviewed, scientific journals are eligible for this
scoping review, if they report studies that examined the association between an exercise
intervention and the inflammatory markers under study. Studies referring to animal models,
humans under 18, subjects with non-muscoloskeletal conditions or undergoing other
interventions will not be included.

This scoping review focuses only on the clinical and randomised controlled trials written in

English, with full text availability.

2.2 Eligibility criteria

The population of interest includes adult humans (>18 years), regardless of gender,
diagnosticated with a musculoskeletal pain condition.

The concept behind the study is to investigate the different modalities and effects of physical
exercise on systemic low-grade inflammation, more specifically on adipose tissue-related
pro-inflammatory markers. In doing so, this review aims to provide rehabilitative inputs for
physical therapists managing chronic musculoskeletal patients.

Therefore, this paper will search for clinical and randomised controlled trials, which are
based on an exercise intervention and measured levels of the inflammatory markers of
interest (interleukin-6, C-reactive protein, tumor necrosis factor-alpha or leptin) as outcome
measures.

Conversely, the review will not include:

- Papers analising other interventions (nutritional restriction/supplementation, mindfulness,
meditation..). Depending on the quality and characteristics of eligible studies, combined
interventions (e.g. exercise and dietary restriction) might be included.

- Studies about animal models

- Reports referring to: human subjects suffering from any autoimmune, neoplastic,
neurodegenerative, psychiatric or other pathological conditions which are not strictly
musculoskeletal; morbidly obese subjects (BMI>30); subjects undergoing abdominoplasty or

bariatric surgery



2.3 Search and selection strategies

The following databases were searched: Pubmed, CINAHL and Cochrane.

Multiple Mesh terms, entry terms and keywords were employed, relating to the two main
thematical areas: exercise intervention and inflammatory markers of interest.

In particular, the key adipose tissue-related markers are IL-6, CRP and TNF-alpha. On the
other hand, the search terms regarding exercise intervention were broad to ensure the capture
of all relevant studies. The search strings have been adjusted to the specific databases’

requirements.

The following query string was used for Pubmed database:

((("inflammation"[MeSH Terms] OR "adipokines"[MeSH Terms] OR "cytokines"[MeSH
Terms] OR "C-reactive protein"[MeSH Terms] OR "leptin"[MeSH Terms] OR
"chemokines"[MeSH Terms] OR "interleukin-6"[MeSH Terms] OR "tumor necrosis factor-
alpha"[MeSH Terms] OR "inflammation"[Title/Abstract] OR "systemic

inflammation"[ Title/Abstract] OR "low-grade inflammation"[Title/Abstract] OR
"adipokin*"[Title/Abstract] OR "cytokin*"[Title/Abstract] OR "C-reactive
protein"[Title/Abstract] OR "CRP"[Title/Abstract] OR "leptin"[Title/Abstract] OR
"chemokine*"[Title/Abstract] OR "interleukin-6"[Title/Abstract] OR "IL-6"[Title/Abstract]
OR "tumor necrosis factor-alpha"[Title/Abstract] OR "TNF-alpha"[Title/Abstract] OR "anti-
inflammatory"[ Title/Abstract] OR "pro-inflammatory"[ Title/Abstract] OR
"inflammatory*"[All Fields]) AND ((clinicaltrial[Filter] OR
randomizedcontrolledtrial[Filter]) AND (fft[Filter]) AND (english[Filter]))) AND
(("exercise"[MeSH Terms] OR "physical exercise"[Title/Abstract] OR "physical
activit*"[Title/Abstract] OR "acute exercise™*"[Title/Abstract] OR "aerobic
exercise*"[Title/Abstract] OR "isometric exercise*"[Title/Abstract] OR "resistance
exercise™*"[Title/Abstract] OR "physical training"[ Title/Abstract] OR

"training"[ Title/Abstract] OR "therapeutic exercise"[Title/Abstract] OR "exercise
therapy"[Title/Abstract] OR "exercise intervention*"[Title/Abstract] OR
"exercise™"[Title/Abstract]) AND ((clinicaltrial[Filter] OR randomizedcontrolledtrial[Filter])
AND (fft[Filter]) AND (english[Filter])))) AND (("pain"[MeSH Terms] OR "musculoskeletal
pain"[MeSH Terms] OR "chronic pain"[MeSH Terms] OR "pain*"[Title/Abstract] OR
"musculoskeletal pain"[Title/Abstract] OR "musculoskeletal condition*"[Title/Abstract]) OR
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"chronic pain"[Title/Abstract] AND ((clinicaltrial[Filter] OR
randomizedcontrolledtrial[Filter]) AND (fft[Filter]) AND (english[Filter])))

(588 results)

As for the Cochrane database, the search string was the following:

1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13

#14
#15
#16
#17
#18
#19
#20
#21
#22
#23
#24
#25
#24

("inflammation"):ti,abkw 51364
("cytokine"):ti,ab,kw 12628

("adipokine"):ti,ab,kw 466
("C-reactive protein"):ti,ab,kw 21963
("CRP level"):ti,ab,kw 1104

("cytokine level"):ti,abkw 110

("tumor necrosis factor alpha"):ti,ab,kw 7345
("tumor necrosis factor alpha release"):ti,ab,kw 9
("chemokine"):ti,ab,kw 2014

("interleukin 6 level"):ti,ab,kw 74
("IL-6"):ti,ab,kw 17075

("TNF alpha"):ti,ab,kw 3943

#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12
85524

("exercise"):ti,ab,kw 125399

("physical activity"):ti,ab,kw 42631

("physical activities"):ti,ab,kw 1874

("exercise induced"):ti,ab,kw 5570

("aerobic exercise"):ti,ab,kw 9321

("aerobic exercise training"):ti,ab,kw 1331
("resistance exercise"):ti,ab,kw 4460
("isometric exercise"):ti,ab,kw 908

("strength training"):ti,ab,kw 4435

("therapeutic exercise"):ti,ab,kw 1531

("exercise based"):ti,abkw 954

#14 OR #15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23 OR
148007
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#26  ("musculoskeletal pain"):ti,abkw 2905

#27  ("musculoskeletal disorder"):ti,ab,kw 230
#28  ("chronic pain condition"):ti,ab,kw 150

#29  ("chronic pain disorder"):ti,abkw 63

#30  (pain):ti,ab,kw233814

#31  #26 OR #27 OR #28 OR #29 OR #30 233870
#32  #13 AND #25 AND #31 1020

In the CINAHL database, this search string was employed:

(cytokine* OR adipokine®* OR "C-reactive protein" OR "CRP" OR "tumor necrosis factor
alpha" OR "TNF" OR "interleukin-6" OR "IL-6" OR inflammat* OR "anti-inflammatory"
OR "inflammatory marker*") AND (exercise* OR training* OR "aerobic exercise*" OR
"resistance exercise®*" OR "physical exercise*" OR "physical activit*" OR '"resistance
training" OR "aerobic training" OR "therapeutic exercise*" OR "exercise therap*" OR
"physical therapy") AND (pain* OR "musculoskeletal pain" OR "musculoskeletal

condition*" "musculoskeletal disorder*" OR "chronic pain")

The papers’ screening and selection process is carried out using Rayyan.ai web tool for
literature reviews.

Following removal of duplicates, the author will apply the predetermined selection criteria to
all articles by reading the title and abstract alone. After the results are narrowed down, only
the papers which meet the query objectives will get to full text examination.

All information about the search inclusion and exclusion process will be represented in a flow

diagram.
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Data extraction
This review will provide a simple overview table to summarise the collected evidence,

focusing on population, objectives, intervention and findings.

Population | Objectives

Author, year
Title and sample | and study Intervention Results
of publication
size design
X
zZ

2.4 Quality assessment

The qualitative analysis of the selected reports will eventually be conducted using the Quadas
tool. The application of the aforementioned tool will depend on the entity and characteristics

of the selected reports.
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3. RESULTS

The preliminary research gave 2000 results, specifically: 1020 from Cochrane database, 602
from Pubmed and 378 from Cinahl.

A total of 1950 articles were excluded through Rayyan and the title/abstract screening. After
the full text screening, 42 other studies were excluded either because they didn’t meet the
inclusion criteria, they weren’t inherent to this review’s objectives, or the full texts weren’t
available.

Ultimately, 10 articles met all the criteria and were therefore included in the present review.

The process is displayed in the following flowchart.

Articles identified through search
terms

)
INS2000 Exclusion after title and

abstract screening

N-1950
Full text screening
-52 .
N Exclusion after full-text
screening
A4 N-42
Meeting all inclusion criteria
N-10
Results are summarised in the following table.
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Title Author Year | Population | Objectives and Intervention Outcome Conclusions
and sample | design measures
size

Effects of Virtual | Gopal Nambi [ 2022 | 60 male Prospective, 4 weeks of training, | VAS VRE and IKE
Reality Exercises |, Mshari soccer randomized, single- | 5 days per week. muscles’ cross- | positively alter
versus Isokinetic Alghadier , players blinded, parallel- VRE group: strength | sectional area | inflammatory
Exercises in Faizan Zaffar age range of [ arm study. training focused on (MRI) biomarkers
comparison with Kashoo, 18-25 Virtual reality the trunk muscles of | Muscle compared with
Conventional Osama R years, exercise (VRE the back through a thickness conventional
Exercises on the Aldhafian, with CLBP | n=20), isokinetic car race game. (ultrasound) training. VRE
Imaging Findings | Naif A exercise (IKE IKE group: the Inflammatory | group showed
and Inflammatory | Nwihadh, n=20) and patient was asked to | biomarkers significant
Biomarker Ayman K conventional stand in an upright (CRP, TNF- improvement in
Changes in Soccer | Saleh, exercise (n=20). position in the alpha, IL- inflammatory
Players with Non- | Mohamed A Aim: investigate isokinetic device. 2,4,6) biomarker
Specific Low Back | Omar, the effects of 10-15° of backward measures
Pain: A Tohamy G T advanced movement and 70— compared with the
Randomized Hassan, physiotherapeutic 80° of forward other two groups
Controlled Trial. Mohamed exercise programs | movement, angular (» <0.001).

Nagah Ahmed on imaging velocity of 45, 60,

Ibrahim, findings and and 90°/s with 10

Hassan Fathy inflammatory repetitions of three

El Behairy, biomarkers on sets.

Abdehamid A CLBP. Conventional

Attallah, exercise group:

Mohammed routine balance

Abdelgwad exercises to train the

Ismail lower trunk muscles
Isokinetic training | Gopal Nambi, [2020 | 60 male Randomized, 4 weeks of training, | VAS C-reactive protein,
— its radiographic | Walid Kamal football double-blinded 5 days per week. Para spinal tumor necrosis
and inflammatory | Abdelbasset, players controlled study. IKT group: before cross sectional | factor -a, IL-2, IL-
effects on chronic | Saud F age range Isokinetic group isokinetic training, area (MRI) 4 and IL-6
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low back pain Alsubaie, 18 —25 (IKT; n=20), core | the subjects were Muscles’ (P<0.001), muscle
Samah A years, with | stabilization group | asked to perform 5 thickness cross-sectional
Moawd, Anju chronic (>3 [ (CST; n=20) and minutes warm-up (ultrasound) area and muscle
Verma, months) control group followed by slow Inflammatory | thickness
Ayman K LBP (n=20). stretching of back biomarkers (P<0.001) showed
Saleh, Nahla Aim: compare the [ extensors and (CRP, TNF- significant
N Ataalla effects of isokinetic | flexors. alpha, IL- improvement in
training and CST The exercise was 2,4,6) IKT group than
on radiological and | performed at an the other 2 groups
biochemical effects | angular speed of
in university 60"/second, 90"/s
football players and 120"/s with 15
with CLBP repetitions of 3 sets.
CST group: balance
training through
Swiss ball for core
muscles. 10 times
per set for 3 sets.
Control group:
conventional balance
training for core
muscles, includes
active isotonic and
isometric exercise,
10 to 15reps/d
Radiological Gopal Nambi | 2021 | 36 male Randomized, 4 weeks of training, | VAS C-reactive protein,
(Magnetic , Walid Kamal football single-blinded 5 days per week para spinal tumor necrosis
Resonance Image | Abdelbasset, players controlled study. VRT-G group: cross sectional | factor -a, IL-2, IL-
and Ultrasound) Bader A age range Virtual reality balance training area (MRI) 4 and IL-6
and biochemical Algahatani 18-25 training (VRT; n= [ through a shooting Muscles’ (P<0.001), muscle
effects of virtual years, 12), combined game. 30 mins each | thickness cross-sectional
reality training on chronic physical session. (ultrasound) area and muscle
balance training in LBP rehabilitation CPR-G group: Inflammatory | thickness
football players (CPR; n=12), balance training biomarkers (P<0.001) showed
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with chronic low conventional through Swiss ball (CRP, TNF- significant
back pain: A training (control for core musclesr 10 | alpha, IL- improvement in
randomized group; n= 12) times for 3 sets. 2,4,6) VRT-G group than
controlled study Aim: to find the Control group: the other 2 groups

radiological and conventional balance

biochemical effects | training for core

of virtual reality muscles, includes

training in football | active isotonic and

players with CLBP. | isometric exercise,

10 to 15reps/d

Comparative Gopal Nambi, | 2020 | 60 male Randomized, 4 weeks of training, | VAS VRT shows more
effects of virtual Walid Kamal football double-blinded, 5 d/week WOMAC beneficial changes
reality training and | Abdelbasset,S players, age | parallel-group VRT: 20 min session | Bone in pain, functional
sensory motor hereen H. 18-25 controlled study. of a shooting game morphogenic disability, and
training on bone Elsayed, years, Virtual reality through knee proteins (BMP | modification of
morphogenic Mona A. chronic training VRT movements. ELISA kit) inflammatory
proteins and Khalil, Saud PTOA n=20; Sensory- SMT: 3 progressive | Inflammatory | biomarkers than
inflammatory M. Alrawaili, following motor training phases (static, biomarkers SMT
biomarkers in and Saud F. ACL injury [ SMT n=20; dynamic and (CRP, TNF-
post-traumatic Alsubaie Control n=20 functional) of alpha, IL-
osteoarthritis Aim: to compare proprioceptive, 2,4,6)

the effects of VRT | strengthening and

and SMT in bone plyometric exercises.

morphogenetic 5 repetitions in one

proteins and set for 3 sets with 3

inflammatory min rest

biomarkers Control: knee

expression in post- | strengthening

traumatic exercises. 10—15

osteoarthritis after | repetitions

the anterior cruciate

ligament injury.
Exercise reduces Sang Kook 2008 [ 13 male The aim of the 8 weeks of training, | Body After 8 weeks
C-reactive protein | Kim, automotive [ study was to 8h per day, 5 days composition there were no
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and improves ITho Jung & employees [ investigate the per week. (FFM fat free | significant
physical function | Jaec Hee Kim aged 33-54 | effects of 8-week Resistance: 3-4 times | mass) changes in body
in automotive years with a | exercise per week, 3 sets of Physical weight, FFM and
workers with low lumbar intervention on 10-15 reps, nine function percent body fat
back pain herniated CRP and physical | body-weight and (maximuum compared with
disc and function in machine exercise isokinetic baseline.
LBP automotive workers | stations strength, trunk | CRP levels were
with LBP Swimming: 40 min flexion and significantly
sessions 3 times per | Trunk reduced by 38%
week. extension tests) | (back within the
Stretching: 1-h of CRP levels normal range of
static stretching healthy adults)
Hiking: once a compared with
week. baseline.
Efficacy of Saturday 2023 | 54 patients | Single-blind 10 weeks of training, | VAS IL-6
Lumbar Nicholas with CLBP, | parallel trial with twice a week Roland Morris | concentrations,
Stabilization and | Oghumu, between 18- | an adaptive trial Stretching exercises | disability pain, and disability
Graded Activity Udoka Arinze 60 years design. were performed questionnaire | of patients were
Exercises on Chris Okafor, old, Lumbar before the LSE and 24 similar after LSE
Biochemical Olumuyiwa randomly stabilization GAE. Coping and GAE. Patients
Mediators of Pain | Babalola Salu, assigned to | exercise (LSE) and | LSE: closed (10 strategy catastrophize less
in Patients with Bosede LSE and graded activity repetitions) and questionnaire | with LSE
Non-Specific Abidemi Tella GAE exercise (GAE). open-chain (15 24 compared to GAE,
Chronic Low Back treatment Aim: to investigate [ repetitions) isometric | ELISA (IL1A, | hence LSE shows
Pain groups the effects of LSE | strengthening IL18RI, more beneficial
and GAE on GAE: individualized [ IL18RAP, IL- | effects for patients
concentrations of and sub-maximal 6, and COX) with CLBP than
inflammatory exercises (isometric GAE
biomarkers and bicycle
ergometry) with
cognitive behavioral
principles
Changes in N.E. Jansen, 2020 (177 Randomized 12 weeks of training, | Serum HIRT > LIRT in
inflammation and | A. Engstrom, participants | controlled trial. 3 times per week biomarkers: muscle strength
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musculoskeletal C.S. Thudium, with knee High-intensity or High intensity (70%- | CRP, CRPM, [ (1RM). Both had
tissue-derived A.-C. Bay- Osteoarthriti | low-intensity 80% of the C3M, OC, similar functional
biomarker serum | Jensen, A.H. S resistance training. | Repetition Maximum | CTX-I, PRO- [ improvements.
levels in response | de Zwart, J. Aim: to assess (IRM)) C2,C2M, The work to date
to high- and low- | Dekker, W.F. whether high- Low intensity (40%- [ huARGS, suggests that RT
intensity resistance | Lems, M. intensity RT elicits | 50% 1RM) PRO-C3, PRO- | did not influence
training in Gerritsen, a different response C6, collOneo | CRP levels.
individuals with W.E. van Spil, on systemic and Upper leg
knee osteoarthritis | R.T. Jaspers, local inflammation isokinetic

F. Turkstra, compared to low- muscle

M. van der intensity RT strength

Leeden, M. VAS

van der Esch
Influence of Sunhee Park, |2021 | 81 women, | Prospective, 8 weeks of training, | KOOS ISOM + EMS
Isometric Exercise | Sukyung Min, aged randomized 30 min of exercise Isokinetic group resulted in a
Combined With Si-Hwa Park, between 61 | controlled study. per day torque of the more significant
Electromyostimula | Jachyun Yoo, and 79 years | Control (CON, n= | ISOM: 3 times a knee reduction in body
tion on and Yong- old with 27) group, week. Abdomen Bioelectrical weight, fat mass,
Inflammatory Seok Jee knee OA isometric exercise | crunches, bridge, leg | impedance fat percentage,
Cytokine Levels, from the (ISOM, n =27) raises, side planks, analysis inflammatory
Muscle Strength, Seoul group, and the back IL-6, TNF-q, cytokine levels,
and Knee Joint Seniors isometric exercise | extensions, front CRP (ELISA and increased
Function in Tower in +electromyostimula | planks, front lunges, | kit) muscle strength.
Elderly Women Korea tion (ISOM + EMS, [ squats. ISOM + EMS
With Early Knee n =27) group. ISOM~+EMS: group had the best
Osteoarthritis Aim: to examine exercise as KOOS score

whether
ISOM+EMS can
improve serum
cytokine levels,
muscle strength,
and knee function
in elderly women
with early knee

aforementioned +
85HZ frequency
stimulation, with
progressively
increasing intensity
(60-70-80%/1MT)
Control group: no
intervention

among all groups.
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OA.

The effect of Gilbuz 2015 | 42 Randomised 6 weeks of training. | IL-6, TNF-a, There was no
isokinetic and Samut, Fitnat postmenopa | controlled trial. IE: 3 times a week. 5 | CRP (ELISA statistically
aerobic exercises | Dinger, Oya usal women | Isokinetic min treadmill warm- | kit) significant
on serum Ozdemir and men exercise(IE) n=15, | up. 5 concentric Aerobic decrease in serum
interleukin-6 and with knee aerobic exercise flexion and extension | capacity pro-inflammatory
tumor necrosis OA (AE) n=14, control [ at angular velocities [ (6MWT) cytokine levels in
factor alpha levels, according to | group n=13. of 60°/s, 90°/s, Lower body both the exercise
pain, and American Aim: to investigate | 120°/s, and 180°/s. strength (30s groups. There was
functional activity College of | the effects of AE: 5 min of warm- | sit-to-stand) a significant
in patients with Rheumatolo | isokinetic and up on decrease in VAS
knee gy aerobic exercise treadmill; exercise and significant
osteoarthritis diagnostic [ training programs | intensity 65-70% of increase in
criteria on serum pro- age-related heart functional capacity
inflammatory rate. 5 min cool and muscle
cytokine levels, down. strength in both
pain, and functional | Control group: the exercise
activity in patients | education groups
with knee
osteoarthritis (OA).
Effects of Tai Chi | Tongjian 2019 | 40 older Randomised 12 weeks of training. | CRP, IL-6, and | Neither Tai Chi
on Beta Endorphin | You,Elisa F. adults (aged | controlled trial Tai Chi: 8-Form TNF-a were nor light physical
and Inflammatory | Ogawa, Saurja > 65 years) | Tai Chi group Yang Style for 1 measured using | exercise altered
Markers in Older | Thapa, Yurun with chronic | (n=28) or light hour each class twice | multiplexed levels of plasma -
Adults with Cai, Gloria Y. multisite physical exercise per week. magnetic bead | endorphin and
Chronic Pain: An | Yeh, Peter M. musculoskel | group (n=26). Light exercise: immunoassays | inflammatory
Exploratory Study | Wayne, Ling etal (>2 Aim: to explore the | walking, light markers
Shi, and sites) pain effects of Tai Chi resistance exercise,
Suzanne G. on blood levels of | stretching, and health
Leveille B-endorphin and education

inflammatory
markers in older

adults with chronic

musculoskeletal
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3.1 Study characteristics

The included studies were published between 2015 and 2023; almost all of them (8) are
randomised controlled trials, one is a parallel non-randomised trial, with an adaptive trial
design, and the remaining one is a non-controlled longitudinal study; 8 of the studies are
single-blinded, just two of them are double-blinded.

The total population that is taken into account in this scoping review is 637 subjects, aged
between 18 and 80 years old, both female and male. Two studies didn’t specify the age range,
four articles included subjects between 18 and 25 years old, one trial involved patients aged
33-54 years old, one only involved subjects > 65 years old, one included subjects aged 18-60
and the last one investigated women between 61 and 79 years old.

Considering that the two which didn’t specify the age eligibility are studying subjetcs with
osteoarthritis, it can be argued that they are likely to be identified as older adults. Thus, this
review takes into consideration three main age ranges: 216 younger adults (18-25 years), 67
middle aged subjects (33-60 years), and 354 older adults (60+ years). This is indeed relevant
in light of the fact that age-related change in body composition occurs on the basis of chronic
subclinical inflammation, as mentioned before. The preponderance of older people in this
review’s sample is not to be underestimated.

The sex distribution is also interesting information: out of the 637 subjects, 243 are male and
149 female; two studies did not specify the gender of the participants.

With regard to the musculoskeletal conditions involved, five trials investigated subjects with
chronic low back pain, one study analysed adults with chronic multisite pain (more than one

site) and four articles focused on knee osteoarthritis.

3.2 Interventions and outcomes

The outcome measures that are relevant to this scoping review, as aforementioned, are
adipose tissue-related pro-inflammatory markers: interleukin-6, C-reactive protein, tumor
necrosis factor-alpha and leptin.

All the included studies measured the inflammatory biomarkers through blood samples.
Nonetheless, they used different sampling and analysis modalities.

Seven interventions used an enzyme-linked immunosorbent assay to assess TNF-a, IL-6 and

CRP levels;” ™ one trial used an immunoturbidimetric assay;’" the latter two used bead-
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based multiplex assays.’'~ In addition to that, looking at the markers of interest, seven of
them measured CRP, TNF-alpha and IL-6,>° two only considered CRP***” and one focused
on IL-6.%* There is therefore quite some heterogeneity in the outcome measures examined by
the different trials.

The interventions varied consistently, both regarding the type of exercise and the posology.

Gopal N. and other colleagues conducted four different trials analysing the effect of many
types of exercise on the inflammatory biomarkers of interest. After three preliminary trials,*
?® in which they found that isokinetic training (IKE) and virtual reality training (VRE)
seemed to be the most effective exercise modalities on pain, function and biomarker levels,
they compared the two apparently best typologies. The comparison between VRE and IKE*
aimed to evaluate the clinical differences in the intensity of pain, radiological changes in
muscle cross-sectional area and thickness, and inflammatory changes in soccer players with
chronic LBP before and after VRE, IKE, and conventional exercises.

In four weeks of training, the VRE training focused on trunk muscles through a car race
game, IKE group had to perform lower back forward and backward movement at an angular
velocity of 45, 60, and 90°/s, and the control group did routine balance exercises to train core
muscles.

Both virtual and isokinetic training had equal effects in reducing pain intensity but, VRE had
a more significant impact on TNF-alpha, CRP and IL-6 on subjects with chronic non-specific

low back pain.

Samut G. et al.®® also investigated the antiiflammatory effects of isokinetic training,
comparing it with aerobic training and a control group (only education) on subjects with knee
osteoarthritis. In this trial the isokinetic exercise consisted in concentric flexions and
extensions at angular velocities of 60°/s, 90°/s, 120°/s, and 180°/s, progressively increasing
the number of sets. The aerobic group had treadmill sessions at a 65-70% of age-related
heart rate intensity, progressively increasing though the 4 weeks of trial. Conversely, this
study didn’t find any statistically significant decrease in serum pro-inflammatory cytokine
levels in neither of the exercise groups, although C-reactive protein levels exhibited a strong
trend toward significance.

29
1,

Kim S. et al.”’ as well as Jansen N. group>’ measured the effects of resistance training on

function and serum inflammatory markers’ concentration. The first team combined it with
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swimming, stretching and hiking and applied it to automotive workers with LBP, whereas the
second one compared high and low intensity resistance training on subjects with knee
osteoarthritis. Jansen’s work showed a CRP level decrease by 38%, while Timmerman’s

study suggested that neither of the two interventions influenced CRP levels.

Oghumu S. N. and his team investigated the effects of lumbar stabilization exercise (LSE)
and graded activity exercise (GAE)* on concentrations of IL-6. LSE consisted of first closed-
chain moderate-intensity isometric strengthening, subsequently open-chain high intensity
strenghtening, of the gluteus maximus, medius and minimus, adductor magnus and brevis,
iliopsoas,quadriceps.

On the other hand, GAE training focused on increasing activity tolerance through
individualised and sub-maximal exercises alongside cognitive behavioral principles: ignoring
pain, pacing, explaining pain mechanisms, and reinforcing wellness behavior of exercise
benefits. This group also did isometric strengthening exercises of the aforementioned
muscles.

The increase in IL-6 concentrations after both LSE and GAE at 5 and 10 weeks was
statistically significant.

IL-6 concentrations, pain, and disability were actually similarly improved after LSE and
GAE. Notwithstanding that, it is interesting to note that patients catastrophised (Coping
Strategy Questionnaire 24) less after LSE compared to GAE.

Park S. et al. combined isometric exercise with whole body-electromyostimulation (EMS)?’
and measured its effects on serum TNF-alpha, CRP and IL-6, muscle strength, and knee
function in elderly women with knee osteoarthritis.

They compared two groups, doing abdomen crunches, bridges, leg raises, side planks, back
extension, front planks, front lunges, and squats with or without EMS.

Exercise combined with EMS resulted in a significant reduction in body weight, fat mass, fat
percentage, inflammatory cytokine levels, and increased muscle strength, compared with the

control group.

You T. and his colleagues examined the effects of Tai Chi on the inflammatory markers of
interest in older adults with multisite chronic pain.31 There were no significant group
differences in inflammatory marker levels’ variations over the 12-week intervention between

Tai-Chi and control group (light physical exercise).
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4. DISCUSSION

Inflammation is a complex biological reaction to damaging stimuli, and it is therefore a
necessary response of the immune system to protect the human body.

In healthy young adults, blood concentration of CRP is typically less than 2 mg/L in men and
less than 2.5 mg/L in women, yet it can increase greater than 1000-fold in response to
infection or trauma.” Physical exercise can also induce a very strong cytokine response, with
increased interleukin (IL)-6 produced by contracting muscles, being most marked (up to a
100-fold)."

The difference between these inflammatory phoenomena, is the minimal production of
proinflammatory cytokines as TNF-a and IL-1f after exercise.

Regular physical exercise could therefore decrease the proinflammatory profile in patients,
either by increasing the anti-inflammatory cytokine production or by reducing the
proinflammatory cytokine production.'*!’

Several observational studies found lower inflammatory biomarker concentrations in
individuals who perform frequent and intense physical activity.’

This is interesting, in light of the link between a low-grade inflammatory status and chronic
pain; in fact, low-grade increase in systemic concentrations of inflammatory markers,
including IL-6, CRP and TNF-o, has been observed in patients with chronic pain.®'

This evidence about the effects of physical exercise on inflammation is in agreement with the

articles included in the present scoping review.

Previously in this script it was also marked out how adipose tissue plays a central role in the
development and persistence of pain; we’re talking about single-site pain as well as
widespread pain, due to the pervasive nature of excessive adipose tissue on pain, influencing
how it may be perceived centrally rather than having just a local tissue effect.

Considering this pain-inflammation bond and that the prevalence of chronic pain increases
with age, it is logical to link its generation and chronicity also to the fact that human aging is
based on chronic inflammation.’

Interestingly, existing literature points out that the inverse relationship between CRP and
physical activity is seen across a wide age span, but the association is seen more consistently

in men than in women.?® This work brought together 10 articles which investigated mainly
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male subjects. Previous studies suggested that women exhibit higher levels of inflammatory
markers and vulnerability to psychological and mood alterations, which could be related."

Moreover, there is evidence describing a significant association of inflammation with higher
levels of pessimism and neuroticism in conditions characterized by a chronic low-grade

inflammatory state, such as aging and obesity.'>**

As for the musculoskeletal conditions under study, the selected articles are focusing on
osteoarthritis (OA) and chronic low back pain (LBP) patients.

Osteoarthritis is a pathological condition in which low-grade systemic inflammation plays a
pivotal role in the pathogenesis and progression, and where higher levels of proinflammatory
cytokines are associated with more pain and worse function."’

There is widespread agreement that the anti-inflammatory effect of physical exercise is part
of the working mechanism behind the positive effects of exercise therapy for

osteoarthritis.' 72030

Dysregulation of the balance between proinflammatory and anti-inflammatory cytokine is,
indeed, considered a potential mechanism that plays an important role in the development and
chronicity of LBP. Patients with chronic LBP reportedly have greater serum concentrations
of pro-inflammatory markers such as CRP, TNF-a and IL-6, along with decreased anti-
inflammatory cytokines such as IL-10.%

Other studies have reported a relationship between increased proinflammatory cytokines and
the intensity of pain in LBP patients.*>**~>-

A recent prospective cohort study aimed to investigate inflammatory biomarkers as predictors
of LBP and to determine their relationship with pain duration and intensity.*

The results showed that the expression of CRP and IL-6 in serum was 1.43-fold and 2.46-fold
greater, respectively in the acute LBP group compared to the non-LBP group. Additionally,
TNF levels were 3-fold higher in the acute LBP group in comparison to the non-LBP group
within the paraspinal muscles. In the chronic LBP group, the expression of IL-6 in serum was
2.2-fold greater than in the non-LBP group, and TNF levels were 2.7-fold higher in the
chronic LBP group within the paraspinal muscles.”

Additionally, a correlation between the expression of TNF and IL-6 and the severity of LBP
was found. CRP, is an acute phase reactant, exhibits rapid elevation in the acute phase.
Expression levels during the sub-acute phase and the chronic phase varyed due to the

presence of potential bias factors as CRP returns to homeostatic levels.*
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Given the fact that the mechanisms of action of exercise on LBP are to date poorly explored,
as well as which modality of exercise benefits the condition the most, it could be argued that

exercise targeting inflammation would be a fitable option.

4.1 Trials’ strenghts and limitations

Gopal N. and his colleagues investigated mainly the effects of virtual reality training and
isokinetic training on inflammatory markers. Virtual reality exercise (VRE) works using
audiovisual cues by playing virtual games. Moreover, virtual exercise improves the
functional capacity of an individual by selecting an activity within their capability. The
training is therefore more enjoyable and eases compliance, offering a sense of security to the
patients. It provides real-time feedback information to execute and complete the games,
which provides a challenging and positive environment for the participant to progress to the
next level.?

When compared to combined physical rehabilitation and control on LBP subjects, the greater
effect on markers of VRE could be attributed to the overall higher energy expenditure than in
the other two groups, due to a higher frequency of exercise.

As it regards the IKT vs VRE comparison on LBP patients, as well as VRE vs sensory motor
training and conventional strenghtening, it can be assumed that the psychological component
could have played in favor of the latter type of training.

Clinical trials on LBP have found that isokinetic exercise (IKE) produces indeed significant
results in these patients, with a positive correlation between LBP and core muscle
dysfunction.”

Notwithstanding that, also Samut G. and his group investigated this kind of exercise in a OA
population, only serum CRP levels showed a decrease with a strong trend toward
significance. Since there was no significant difference between the groups in the baseline
values of BMI, body fat percent and exercise habits, the authors assume that the factors

which could contribute to serum cytokine levels are relatively controlled in the study.
Talking about the more psychosocial side of the matter, Oghumu S. N. and his team

evaluated the effects of lumbar stabilisation exercises (LSE) and graded activity exercise

(GAE) on concentrations of IL1A, IL18RI1, IL18RAP, IL-6, COX2 and pain intensity,
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disability, catastrophizing, cognitive coping, and pain reinterpretation in patients with chronic
LBP.

As aforementioned, IL-6 is a pro-inflammatory cytokine, but studies have shown that the
contracting skeletal muscle and exercise can increase IL-6 levels to mediate anti-
inflammation. "’

Considering this, the increase in IL-6 concentrations after LSE and GAE in this population
may be due to the anti-inflammatory effects of IL-6 activated by physical activity.

These two different modes and intensities had non-significantly different effects on IL-6
concentrations.

Given that LSE and GAE differed in intensity and mode but not frequency, it is reasonable to
assume that frequency may be an important indicator for IL-6 response to exercise.

However, LSE had a more powerful effect on patient catastrophizing, which was significantly
reduced only after 10 weeks. Previous studies have highlighted the prognostic indication of
pain catastrophizing in CLBP management, therefore, with a comparable effect on

inflammatory biomarkers, LSE could be overall more beneficial to chronic LBP subjects.

On the other hand, Jansen L. et al and Timmermans A. groups focused on resistance training,
respectively on chronic LBP and OA patients. Jansen’s study found elevated baseline CRP
levels decreased and back within the normal range of healthy adults after 8 weeks of exercise
program. A study limitation is that a control group of LBP subjects who did not receive an
exercise intervention was not included. The authors argue that it is therefore possible that the
passage of time, and not the exercise, may have been responsible for the decrease in CRP.

Timmermans’ article didn’t find a significant influence of neither high nor low intensity
resistance training on inflammatory markers. This result may be explained by the high
percentage of participants with normal CRP levels. On the other hand, this study also helped
asserting that high-intensity RT can improve upper leg muscle strength and physical
performance without worsening systemic inflammation or causing adverse effects on

musculoskeletal knee OA-related tissues.

High intensity training could be hard to administer among OA (usually elderly) patients;
however, isometric exercise is reported to be less effective than isokinetic exercise for
gaining strength and relieving pain in patients with knee OA.

Park S., therefore, investigated the effects of eight-week isometric exercise (ISO) combined

with WB-EMS on serum cytokine levels, muscle strength, and knee function in elderly
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women with early knee OA. The study demonstrated that ISO+WB-EMS produced
significantly better over-all clinical improvement in OA function as well as decreased levels
of IL-6, TNF-0, and CRP than isometric exercise alone. The authors think that the reason
could lay in the fact that exercise intensity is higher when electrical muscle stimulation is
combined with isometric exercise than when isometric exercise alone. The more relevant

limitations of this study are the limited duration of the intervention and the small sample size.
Lastly, You T. et al did not see a significant effect of Tai Chi or light physical exercise on

inflammatory markers in older adults with chronic pain. This also could point to the fact that

the intensity of exercise is a relevant variable in targeting inflammation through exercise.
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5. CONCLUSIONS

Obesity and musculoskeletal pain have largely been proven to be strongly related, but there is
emerging evidence that body fat, not body weight, may be a better indicator.

Adipose tissue, in fact, is linked with chronic pain through mechanical, behavioural, but
mostly inflammatory mechanisms.

Over the past decades, the role of lowgrade systemic inflammation has been acknowledged in
several chronic musculoskeletal conditions. Despite that, there are no guidelines for exercise

prescription specifically designed to target systemic inflammation.

5.1 Adipose tissue, inflammation and low back pain

To date, no review nor meta-analysis has effectively indicated the most effective exercise
modality to treat chronic low back pain. Clinical trials, actually, appear mainly designed to
evaluate the effect of exercise on reducing pain and disability in people with CLBP as
opposed to match the general health guidelines (WHO) and therefore target also systemic
inflammation®.

Given the existing demonstrated link between low back pain and chronic inflammatory levels
3% it appears even more urgent to explore exercise modalities that can target it. In particular,
the same elevated levels in inflammatory markers in the serum (IL-6, TNF-alpha and CRP)
have been connected with excess adipose tissue and age-related fat substitution.'’ As
mentioned before, this creates a strong bond between fat, age and chronic pain that needs to
be fully understood in order to design the best possible exercise trials.

All the studies included in this article which investigated the CLBP population found
significant changes both in inflammatory levels and functional outcomes after the exercise
modalities carried out in comparison with the control groups; this supports the hypothesis by
which physical exercise indeed affects inflammation in CLBP patients, but there is still need

for more research to find the best approach.

5.2 Adipose tissue, inflammation and osteoarthrosis

IL-6, TNF-a, have a major proinflammatory activity also in OA and they may contribute to
activation of innervating nociceptors.

Furthermore, these cytokines can increase the serum levels of CRP, which seems to correlate
with the increase of pain in OA.¢

As for this review, contrasting evidence has emerged on wether exercise therapy affects the

inflammatory cytokines under study.
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Two studies didn’t reach statistical significance (though Samut et al. found a trend towards
it), whereas the other wo studies did. This could be attributed both to the characteristics of
exercise modalities (as it regards You’s study investigating Tai Chi) and to the modalities of
outcomes and data analysis.

On the other hand, as mentioned before, there is much literature which asserts that the anti-
inflammatory effect of physical exercise is part of the working mechanism behind the

o . . 11,17,20,30
positive effects of exercise therapy for osteoarthritis.''"' >

This review summed up the existing evidence about different exercise interventions and its
effects on inflammatory markers related with adipose tissue.

Literature to date is scarce; the included studies were challenging to compare due to their
different methodologies, designs and populations.

Overall, no specific type of exercise seemed to emerge as the most effective to target low-
grade inflammation. Despite the contrasting results, the interesting outputs that can be drawn
from this scoping review, are that frequency and psychological and motivational aspects of
exercise therapy might be crucial in targeting systemic inflammation.

On the other hand, whereas the most beneficial exercise type and intensity might not be
clear to this date, it is safe to assume that even high-intensity exercise can be performed
without worsening systemic inflammation. Given the fact that chronic pain patients usually
have a poor tolerance for exercise, it can be practical to start with a tolerable low-impact
intensity, gradually increasing until a beneficial and functional level is reached, based on the
specific patient.

Considering the consistent evidence about the role of adipose tissue and age on the
development and persistence of chronic pain, I reckon it can be argued that we must start to
engage in a more global approach to the chronic musculoskeletal patient, going even beyond
the bio-psychosocial approach. Surely, the motivational and emotional side of therapy has
been underlined also in this review, but there is need for more good quality literature to point
out which exercise dosage and type could be more effective in targeting inflammation in
musculoskeletal conditions. Therefore, an approach which involves nutrition, psychological
evaluation and support, and specifically designed exercise typologies targeting inflammation,
could represent the combination we have been looking for to deal with chronic

musculoskeletal pain.
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