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Abstract: The aim of this paper is to provide a narrative review of the effects of physical exercise in the
treatment of chronic musculoskeletal pain. Physical inactivity and sedentary behavior are associated
with chronic musculoskeletal pain and can aggravate it. For the management of musculoskeletal pain,
physical exercise is an effective, cheap, and safe therapeutic option, given that it does not produce
the adverse effects of pharmacological treatments or invasive techniques. In addition to its analgesic
capacity, physical exercise has an effect on other pain-related areas, such as sleep quality, activities of
daily living, quality of life, physical function, and emotion. In general, even during periods of acute
pain, maintaining a minimum level of physical activity can be beneficial. Programs that combine
several of the various exercise modalities (aerobic, strengthening, flexibility, and balance), known
as multicomponent exercise, can be more effective and better adapted to clinical conditions. For
chronic pain, the greatest benefits typically occur with programs performed at light-to-moderate
intensity and at a frequency of two to three times per week for at least 4 weeks. Exercise programs
should be tailored to the specific needs of each patient based on clinical guidelines and World Health
Organization recommendations. Given that adherence to physical exercise is a major problem, it
is important to empower patients and facilitate lifestyle change. There is strong evidence of the
analgesic effect of physical exercise in multiple pathologies, such as in osteoarthritis, chronic low
back pain, rheumatoid arthritis, and fibromyalgia.

Keywords: musculoskeletal pain; chronic pain; musculoskeletal diseases; cost–benefit analysis;
physical exercise

1. Introduction

Musculoskeletal (MSK) disorders are responsible for more than one-third of years
lived with pain and represent one of the most important causes of disability in the world [1].

The International Association for the Study of Pain defines pain as “an unpleasant
sensory and emotional experience associated with, or resembling that associated with,
actual or potential tissue damage” [2]. Up to 80% of chronic pain is MSK in origin [3].

Chronic pain is also associated with premature aging, given that telomere length (a
biomarker related to age-related pathology) has been found to be shorter in the chronic
pain population [4]. This is of particular concern, because aging is associated with the risk
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of developing severe disease, especially after the age of 40 [5]. This relationship between
pain and telomere length is only found in those who do not exercise regularly [6].

Musculoskeletal pain is a major drain on health-care resources, being a leading cause
of incapacity for work and sick leave [7]. Of patients with chronic pain, 51.5% experience
disability. The results of this study revealed that no habit of walking or working out were
more likely to be associated with disability [8]. Globally, low back pain is believed to be
the leading cause of years lived with disability [7]. In the working population, around 2%
of gross domestic product is lost [9]. Physical exercise is a type of structured, planned,
repetitive physical activity that promotes the maintenance or development of physical
fitness [10]. Performed regularly, physical exercise is considered a non-pharmacological
intervention with many beneficial health effects [11]. For the management of MSK pain,
physical exercise is an effective, cheap, and safe therapeutic option, because it does not
produce the adverse effects of pharmacological treatments or invasive techniques [12].
In addition to its analgesic capacity, physical exercise has an effect on other pain-related
areas, such as sleep quality, activities of daily living, quality of life, physical function, and
emotional impact [13].

The aim of this paper is to provide a narrative review of the effects of physical exercise
in the treatment of chronic musculoskeletal pain.

2. Materials and Methods

With the goal of creating a narrative overview of the most recent research on this
subject, a literature search was undertaken on 15 October 2023. The search terms “exercise
musculoskeletal chronic pain” were used in the PubMed, Cochrane, Embase, CINAHL,
and PEDro databases. The inclusion criteria followed were clinical studies conducted in
adults (>18 years) with common chronic musculoskeletal pathology: back pain, cervical
pain, osteoarthritis, fibromyalgia or multisite pain (more than one location). Articles in
English with no date limit were included. Laboratory and animal studies describing
pathophysiological mechanisms of exercise-mediated analgesia were also included. We
selected studies that included physical exercise as an intervention and that included pain,
quality of life or work related outcomes among the outcomes analyzed. Within the exclusion
criteria, editorials, letters, or commentaries were not considered in the present review, nor were
articles whose language was not English. We also did not include studies that assessed chronic
musculoskeletal pain of malignant or traumatic origin or in which other less frequent or
different musculoskeletal pathologies coexisted. When multiple references on the same topic
were found, a bibliographic selection was conducted based on the robustness of the evidence.
The included articles were as follows: (1) higher quality of evidence, such as meta-analyses,
systematic reviews, and randomized clinical trials; (2) recent publications that offered new
information not found in other literature works; (3) articles that described the physical exercise
protocol for pain and that could be used to produce consistent clinical recommendations. In
total, 2860 articles were located: 1465 in PubMed, 931 in Embase, 60 in CINAHL, 394 in PEDro,
and 10 in the Cochrane Database. Overall, 198 records were chosen after duplicate articles
were found and 134 publications were ultimately included in this review out of the 152 that
were considered interesting and closely linked to the article’s topic (Figure 1). No specific
software or digital bibliographic reference manager was used. A database was created with
the papers from the different search platforms, and a manual comparison was made to detect
duplicates. Subsequently, the data were collected for review. Data extraction, searches and
duplicate detection were carried out by colleagues in the study. Cases of doubt were resolved
by discussion among the different authors. Eligible articles after eliminating duplicates
(1704) were screened by title and abstract. From these, 209 articles were selected for full-text
review: 152 were selected for eligibility and finally 134 were included in this study.
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bidity and mortality [26]. 
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Figure 1. PRISMA flowchart of the literature review for this article and the terms “exercise muscu-
loskeletal chronic pain”.

3. Results and Discussion
3.1. Sedentary Lifestyles and Chronic Pain

“Sedentary behavior” refers to activities that do not increase energy expenditure
substantially above resting level. It includes activities such as sleeping, sitting, lying down,
watching television, and other forms of screen-based entertainment [14–16].

Lack of physical exercise implies a decrease in the mechanical stress on the muscle–
tendon structures, which can lead to deterioration of these tissues [17]. In addition, the lack
of load on the joints is associated with a decrease in bone mineral density [18]. Physical
inactivity has also been found to lead to rapid loss of muscle mass and to degenerative
changes in the nervous system [19].

The World Health Organization (WHO) recommends that adults engage in at least
150 min of moderate exercise or 75 min of vigorous exercise each week [20]. However,
it has been reported that one in four adults do not meet the minimum physical exercise
recommendations proposed by the WHO in 2020 [21].

Adults with more sedentary lifestyles are more likely to experience some form of
pain [22]. The onset and development of chronic MSK pain is also associated with the
adoption of sedentary behaviors [23].

One of the major changes occurring in today’s work environment is the multitude
of sedentary jobs that encourage physical inactivity [24]. This physical inactivity can
lead to the development of chronic disease in up to 15% of men and 20% of women [25],
including obesity, type 2 diabetes mellitus, heart disease, and other chronic diseases with
high morbidity and mortality [26].

We know that a sedentary lifestyle promotes weight gain. Obesity is a comorbidity
frequently associated with chronic pain [27] and increased opioid consumption [28].

Pain has also been reported to be a barrier to physical activity in patients with obe-
sity [29]. The relationship between obesity and pain is complex and multidirectional, with
multiple physiological mechanisms involved at the level of neurological and metabolic
modulation [30].



Healthcare 2024, 12, 242 4 of 17

Other forebrain phenomena, such as cognition, attention, and emotions, have been
shown to modulate the clinical experience of pain and could contribute to the mechanism
of central sensitization [31]. In this sense, psychological stressors are powerful pain triggers,
and measures should be taken to prevent their occurrence [32].

Patients with severe mental illness have a high pain incidence, which is associated
with decreased quality of life [33]. These patients are also at increased risk of developing
cardiovascular complications and obesity [34], in many cases due to physical inactivity [35].

3.2. Physical Exercise as Analgesic Therapy

The exact relationship between physical exercise and pain is not yet fully under-
stood [36]. However, it appears clear that sustained physical exercise is beneficial in terms
of pain [37]. Physical exercise has a preventive role in the development of chronic pain [38].
One study found that people with an active lifestyle had a lower sensitivity to thermal
stimuli, which could imply that they feel less pain [39]. When a healthy person performs
an acute bout of exercise, a period of hypoalgesia occurs in which there is a decrease
in sensitivity to painful stimuli of variable duration [40]. In athletes, a decrease in pain
sensitivity has been observed after 120 min of aerobic exercise [41].

The role of physical exercise in preventing the onset of pain might be important. A
systematic review of 21 randomized clinical trials including 30,850 participants found a low
level of evidence that an isolated exercise program can prevent the occurrence of chronic
low back pain episodes and moderate evidence when exercise is combined with educa-
tion [42]. Physical exercise also appears to improve pain associated with a large number
of diseases [13]. For this, exercise should be part of a multimodal pain therapy protocol,
which should include other physical and psychological aspects, emphasize elements such
as self-efficacy and empowerment, and respect the patient’s preferences and beliefs [3].

Within multimodal therapy, one of the most frequently recommended treatments is
patient education, including advice on activity, healthy lifestyles, and weight loss [43],
which can help the patient to better understand pain mechanisms and how to cope, and can
reduce kinesiophobia. It is important to encourage treatments in which the patient plays an
active role so as to promote self-efficacy, which is associated with improved chronic pain
outcomes and quality of life [44,45].

A review of 21 Cochrane reviews (381 studies, 37,143 participants) reported that
physical exercise might improve pain and physical function in conditions as varied as
rheumatoid arthritis, osteoarthritis, patellofemoral pain, fibromyalgia, low back pain,
chronic neck pain, intermittent claudication, dysmenorrhea, post-polio syndrome, and
spinal cord injury [46].

Recommendations on specific pathologies are discussed below.

3.3. Physiology of Exercise-Mediated Analgesia

The experience of pain is a complex phenomenon in which many other processes
besides tissue injury play an important role [47]. The analgesia achieved by physical
exercise appears to be due to the coordinated and synergistic action of two systems—opioid
and non-opioid [48].

In the interstitial space are located free nociceptive nerve endings whose excitation
is transmitted afferently to produce pain perception. These nociceptors respond to the
chemicals produced by MSK injury. However, the pain’s intensity depends not only on the
concentration of these substances but also on the excitation threshold of the nociceptors.
Thus, in peripheral sensitization, a non-painful stimulus can activate these nociceptors,
causing pain to be perceived. This process repeated over time can lead to central sensitiza-
tion [49], which is directly related to chronic pain. This pain can be nociceptive, neuropathic,
or non-nociplastic, and most frequently mixed. Chronic pain in several musculoskeletal
conditions is thought to be the result of abnormal central pain processing rather than tissue
injury [47]. Aerobic physical exercise might decrease both central and peripheral pain
sensitivity [50].
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Chronic MSK pain causes alterations in brain structure and function [51], reducing
the volume and density of gray and white matter [52]. It can also lead to alterations in
the connections of various brain regions [53]. Within the brain structures, the insula is a
key region in the processing of pain patterns, and its activation levels are related to pain
intensity. A short- or long-term physical exercise program can produce changes at this
level [54]. Descending and endogenous inhibitory pathways also play an important role
and are activated during exercise, leading to a decrease in pain perception after exercise [55].

The analgesia achieved by physical exercise is due to the coordinated effect it has on
the central nervous system, the hormonal system, and at the level of inflammatory markers.
The opioid system together with the endocannabinoid system is responsible for most of
the analgesia achieved by physical exercise [48]. At the hormonal level, progesterone
has a known analgesic effect, whereas the other hormonal analgesia pathways are more
debated, although they might improve pain through their anti-inflammatory and reparative
effect [48].

3.3.1. Effects of Physical Exercise on the Central Nervous System (Neurochemical)
Endogenous Opioids

The role of endorphins in the central effect of exercise has been discussed due to
their difficulty in crossing the blood–brain barrier [56]. Aerobic training increases levels of
β-endorphin and met-enkephalin in the hypothalamus, periaqueductal gray, and rostral
ventromedial medulla [57,58], which increase as exercise intensity increases [59]. If training
is maintained for more than 9 weeks or 45 sessions, downregulation of the opioid system
occurs, and a significant reduction in mu-opioid receptors has been found [60].

Endocannabinoid System

The endocannabinoid system is composed of cannabinoid receptors (CB1, CB2), their
ligands (n-arachidonoylethanolamine [AEA] or anandamide and 2-arachidonoylglycerol [2-
AG]), and proteins involved in their metabolism. Endocannabinoid CB1 and CB2 receptors
located in the rostral ventromedial medulla and periaqueductal gray dorsal horn [60]
produce analgesia by binding to AEA and 2-AG, two neurotransmitters whose levels
increase with exercise and that modulate synaptic activity and neuronal plasticity [61]. A
resistance exercise program can increase CB1 receptor expression in brain tissue and in
periaqueductal regions [62].

Serotonergic System

Serotonergic system-mediated analgesia is modulated through 5-HT receptors and is
regulated by the serotonin transporter [63]. Exercise increases the concentration of 5-HT
receptors in the lumbar spinal cord, brainstem, and parieto-occipital cortex [64]. Regular
exercise activates opioid receptors in the periaqueductal gray, which in turn modulate
serotonin transporter activity [57]. It also increases the concentration of serotonin in the
brain, which plays a role at the emotional and memory levels [65].

N-Methyl D-Aspartate Receptor Alteration and the Noradrenergic System

The phosphorylation of the N-methyl D-aspartate receptor NR1 subunit in the rostral
ventromedial medulla produces hyperalgesia, and its inhibition produces analgesia [66].
Physical exercise activates the noradrenergic system, which produces catecholamines
that modulate pain by binding to their receptors (α1, α2, β2 adrenergic) located in the
periaqueductal gray, dorsal raphe, and spinal cord dorsal root ganglion [67].

The central nervous system’s analgesic mechanisms during exercise are described in
Table 1 [48,68–70].
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Table 1. Central nervous system analgesic mechanisms in exercise [48,68–70].

Brain Area Neurotransmitters
Involved Receptors Exercise Program Intensity Effect

Endogenous opioids

Hypothalamus,
periaqueductal gray,
rostral ventromedial

medulla

β-endorphin,
met-enkephalin Mu-opioid Aerobic training

performed for 5–8 weeks

85% of maximum heart
rate or

80% of VO2max

Training >9 weeks or
45 sessions produces

downregulation

Endocannabinoid
system

Rostral ventromedial
medulla, periaqueductal

gray dorsal horn

Anandamide,
2-arachidonoylglycerol

Endocannabinoid CB1
and CB2

Aerobics and resistance
(running, followed by

cycling)

70–85% of maximum
heart rate or 25%

maximum isometric
contraction

“Runner’s high”,
anxiolytic, sedative, and

euphoriant

Serotonergic system
Brain stem, lumber

spinal cord, and
parieto-occipital cortex

Serotonin transporter
(SERT) 5-HT

1 session of 60 min
swimming or swimming
30 min/day, 6 days per

week; run on a treadmill
30 min, 5 days per week,

2 weeks

Low intensity (75%
maximal blood lactate

steady state)

Emotional regulation
and facilitated memory

function in the
hippocampus

NMDA receptor
alteration

Rostral ventromedial
medulla

Phosphorylation of
N-methyl D-aspartate

(NMDA)

Receptor NR1 subunit
(p-NR1) Exercise 1 h for 1 week 75–85% HRmax

Modulates nervous
system’s response to

pain stimuli and injury

Nor-adrenergic system
Periaqueductal gray,

dorsal raphe, and spinal
cord dorsal root ganglion

Catecholamines α1, α2, β2 adrenergic
1 or 2 h treadmill

running (A), 20 min of
stationary bicycle (B)

Moderate (25 m/min
with a 3% slope) (A),
intense (Borg 15) (B)

Improves cognitive
performance, modulates
thermoregulation during

exercise
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3.3.2. Effect of Physical Exercise at the Hormonal Level (Immunomodulatory)

Progesterone has an anti-inflammatory effect by regulating prostaglandins and
leukotrienes and has an analgesic effect by modulating pain circuits [71]. Physical ex-
ercise produces an increase in progesterone concentration, depending on the intensity of
training, reaching a maximum concentration at exhaustion, especially in untrained individ-
uals [72]. The anti-inflammatory effect activated by arachidonic acid, prostaglandins, and
inflammatory markers might also have an indirect effect on pain [73–75].

Physical exercise increases the synthesis of prostaglandins, especially PGE2 and PGF2-
alpha in skeletal muscle, which regulates protein synthesis in muscle [74].

Arachidonic acid has an anti-inflammatory and pro-fibrinolytic effect [73]. Arachidonic
acid is metabolized to prostaglandins and leukotrienes and through the cytochrome P450
pathway gives rise to other metabolites such as epoxyeicosatrienoic acid, which in turn is
transformed into dihydroxyeicosatrienoic acid [76].

Physical exercise decreases the levels of pro-inflammatory cytokines (TNF-α, IL-6,
IL-1β) and activates macrophages that release anti-inflammatory cytokines (IL-10) [75]. In
addition, physical exercise appears to modulate C-reactive protein [77].

3.4. Prescription of Analgesic Physical Exercise

As previously mentioned, no single therapy achieves significant pain relief; thus,
recommendations tend to be for multimodal treatments that maximize beneficial effects
and minimize adverse effects [78]. There are various types of physical exercise, including
aerobic, strength training, flexibility, and balance. Programs that combine several of these
modalities (multicomponent exercise) are typically more effective and can be better adapted
to clinical conditions. Before prescribing exercise, it is important to assess the patient to
determine those biomechanical aspects (lack of strength, stiffness, difficulty with endurance
or motor control) that will allow for individualized prescription of a physical exercise
program aimed at compensating for these deficits [79].

Given that not all physical exercise programs have the same effect, it is important
to derive a correct prescription. Within the physical exercise prescription, type, intensity,
frequency, time, and duration should be considered (Table 2).

Most physical exercise protocols do not use the same interventions (frequency, dura-
tion, intensity, modality) or assess the same pathologies in a homogeneous way. There is
a lack of unified protocols to compare different physical exercise interventions with each
other. Furthermore, there are potential biases in the studies analyzed (different baselines
in the participants, treatment not clearly specified) that should be taken into account in
order to critically evaluate these recommendations. Therefore, it is difficult to establish
solid recommendations due to the heterogeneity of studies on physical exercise and chronic
MSK pain.

3.4.1. Type of Exercise

Regarding the type of exercise, the hypoalgesic effect occurs with both aerobic and
strengthening exercises. However, stretching and proprioceptive exercises have been shown
to be less effective for pain [80]. Aerobic exercise involves the continuous movement of all
the major muscle groups acting in a coordinated manner to produce a cardio-metabolic
stimulus [81]. Performing aerobic exercise at a low-to-moderate intensity of 50–60% of the
maximum heart rate has an analgesic effect in chronic pain pathology [82].

Strengthening exercises involve the contraction of muscles to overcome resistance.
They are effective in chronic pain, being well tolerated and achieving better results when
land-based [13] exercises.

Stretching exercises aim to improve joint range of motion and muscle flexibility. Pro-
prioceptive exercises promote neuromuscular training to improve posture, balance, and
coordination. Although they have little effect on pain when performed on their own, they
might have more effect on an emotional level; thus, it is recommended to include them
within training programs that include other exercises [83].
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3.4.2. Exercise Intensity

When calculating exercise prescription intensity, vigorous aerobic exercise (70% heart
rate recovery [HRR], 3 sessions, 25 min each session) has been reported to have a higher
hypoalgesic effect, producing a greater decrease in pain response to thermal stimulation and
increase in pain threshold than moderate physical exercise (50% HRR, 3 sessions, 25 min
each session) [84]. Other studies, however, have found that aerobic exercise (treadmill
running, 35 min) at low (40% HRR) or moderate (55% HRR) intensity produces a greater
primary and delayed (persisting more than 24 h) hypoalgesic response than intense exercise
(70% HRR) [85]. Other studies have found no difference in hypoalgesia with aerobic
exercise as a function of exercise intensity [86,87].

In strengthening exercises, performing isometric contractions with loads of only 10–30%
is sufficient to achieve a hypoalgesic effect, especially when the duration of the contraction
is prolonged until failure [88]. A 3 min program of wall squat exercise also produces a
hypoalgesic effect [89].

3.4.3. Exercise Frequency

There is no solid evidence to recommend specific parameters in terms of frequency. In
knee osteoarthritis, it has been reported that physical exercise programs of 3 days a week
are more effective in improving pain and function than less frequent training [90].

Table 2. Parameters to be taken into account when prescribing physical exercise [91].

Type Aerobic, strengthening, stretching or proprioceptive (less
commonly used for analgesia)

Intensity Degree of exertion achieved during exercise

Frequency Sessions of exercise per week

Time Minutes of exercise per week

Duration Number of weeks the exercise is carried out

3.4.4. Timing and Duration of the Exercise

A more recent meta-analysis studying the effect of exercise time on chronic pain
reported that to achieve an optimal analgesic effect, physical exercise programs of no more
than 120 min per week should be performed [91]. Another study compared three exercise
programs using a bicycle ergometer at 75% VO2max for 30, 45, and 60 min without finding
differences among the groups (in fact, no hypoalgesic effect was reported in this study) [92].

Regarding the duration of exercise in chronic pain, one study reported that to achieve
an optimal analgesic effect, physical exercise programs should be performed for a minimum
of 7 weeks and a maximum of 15 weeks. After this period, the analgesic effect associated
with exercise begins to decline [91]. The analgesic response to physical exercise is variable
in patients with chronic pain [46]. Given that the analgesic response depends on the
individual patient and the intensity and modality of exercise, it is recommended that the
prescription always be individualized [93] and prescribed by professionals with expertise
in MSK pathology, exercise, and pain.

Table 3 summarizes the analgesic effect according to the characteristics of the pre-
scribed exercise program.
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Table 3. Analgesic effect according to the characteristics of the exercise program performed: parame-
ters to be taken into account when prescribing physical exercise.

Type Aerobic Strengthening Stretching
Frequency 40–59 min 60–120 min >120 min
Duration 4–6 weeks 7–15 weeks >15 weeks

Intensity (HRR) 25–40% HRR 40–55% HRR 55–70% HRR
Intensity (load) 10–30% 1RM 30–50% 1RM 50–85% 1RM

Pain during exercise 0–2/10 VAS >2–5/10 VAS >5–10/10 VAS
Modality Aquatic Land-based Nature

Green: most effective; orange: moderately effective; red: least effective. HRR: heart rate recovery; RM: repetition
maximum; VAS: visual analogue scale.

3.5. Pain Tolerance during Exercise

The ideal dose of physical exercise needed to improve pain, depending on the patient
and the pathology, is not yet known. The perception of pain during exercise is important
for safety and exercise adherence.

There is a risk that patients will discontinue exercise if they perform insufficient
exercise that does not provide benefit or if they perform excessive exercise that causes
pain [85]. Therefore, exercise programs should be personalized to minimize adherence
problems that can result in failure to achieve the desired long-term benefits [94].

However, it appears that the analgesic effect achieved with an exercise program
depends more on the exercise’s intensity and volume than on its frequency [95]. If moderate-
intensity physical exercise is performed either before or after a pain episode, greater
hypoalgesia will be achieved. Conversely, if the intensity of that exercise reaches the
point of exhaustion, the effect will be reduced and pain will increase [96]. In chronic
MSK pain, however, painful exercises have been reported to offer a small but significant
benefit compared with pain-free exercises in the short term [97]. The recommendation for
musculoskeletal rehabilitation (e.g., for osteoarthritis) is to use safety thresholds based on
the visual analogue scale (VAS, 0–10). Pain perception up to 2/10 is considered “safe”, pain
up to a level of 5/10 is considered “acceptable”, and pain above 5/10 is considered “high
risk” [98]. Therefore, the most beneficial program would start with a low intensity and
work up to a higher intensity as tolerated by the patient [91].

Exercises performed in water are frequently recommended for the treatment of chronic
pain because the body weighs less in this environment and because of its thermal capac-
ity [99]. A program involving swimming for 50 to 90 min 5 days a week or treadmill
walking for 10 to 60 min 3 to 7 days a week reduces mechanical pain and improves thermal
sensitivity [100,101].

On the other hand, chronic MSK pain might not correlate with the level of tissue
damage [102]. Catastrophizing and fear-avoidance behaviors can play an important role
in pain response and exercise tolerability [103]. Therefore, associating behavioral coping
strategies with pain is essential to address tolerability to exercise modalities. If patients
find the prescribed exercise not acceptable or safe, clinical benefit or adherence to strength
exercise could be limited.

Conversely, adequate physical exercise can lead to an improvement in patients’ mood,
which can improve adherence to physical treatment programs and facilitate lifestyle
change [104]. Given that adherence to physical exercise is a major problem, it is impor-
tant to empower patients and facilitate lifestyle change. Other variables, such as exercise
equipment, supervision during protocols, and therapist experience, are also important for
adherence to exercise programs [98].

3.6. Exercises and Analgesia in Various Musculoskeletal Pathologies

For most pathologies that cause chronic MSK pain, physical exercise is often recom-
mended to improve strength, flexibility, physical fitness, and general health [46]. It is
important that the patient is actively involved in the prescription of their training program
and to express their preferences, expectations, and barriers [105].
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3.6.1. Chronic Mechanical Low Back Pain

Contrary to common belief, recreational sport and physical activity are not associated
with an increase in low back pain occurrence [106]. Physical exercise is recommended in
the treatment of chronic mechanical low back pain, either with or without radiculopathy.
Physical exercise can produce a small improvement in the short term (up to 6 months) [107]
and moderate improvement in the long term (more than 12 months) [108].

An aquatic exercise program (12 weeks’ duration, 2 sessions per week of 60 min each,
supervised by physiotherapists) can produce benefits for up to 12 months in pain intensity,
sleep quality, quality of life, fear avoidance, and kinesiophobia [109].

Although swimming also appears to be beneficial, the butterfly stroke should be
avoided, given that it could lead to activation of the directing muscles of the back and
hyperlordosis, which can promote recurrence of low back pain or even spondylolysis [110].

Yoga involves the performance of a series of postures, as well as breathing and medi-
tation techniques based on a Hindu philosophy. It appears that the performance of yoga
can produce an improvement in low back pain and function compared with usual care,
education, or other exercises [111,112].

Tai chi is a set of techniques based on Chinese martial arts that are based on slow and
fluid movements, which has been found to have an analgesic effect on mechanical lumbago,
fibromyalgia, and osteoarthritis [113].

Walking, one of the most common forms of physical activity, appears to be effective in
improving low back pain in both the acute and chronic phases [114,115]. When walking
slowly, however, the amplitude of the swing decreases, which can increase pressure on the
lumbopelvic area; thus, brisk walking is recommended [116]. Regarding running, moderate
running does not appear to worsen low back pain, provided it is performed progressively
and that appropriate footwear is worn [117]. Intensive running is not recommended
because it can increase the incidence of low back pain [118].

Cycling can be beneficial for patients with low back pain because it involves significant
aerobic activity; however, it could worsen pain in those who are not sufficiently fit [119].
The position in which the cyclist sits promotes kyphosis and could make cycling poorly
tolerated. In this sense, adjusting the bicycle (changing the saddle angle) can reduce the
intensity and frequency of the onset of low back pain by approximately 70% [120].

3.6.2. Chronic Cervical Pain

General physical exercise does not appear to be of great benefit in neck pain; however,
specific physical exercise to strengthen the neck, shoulders, and upper back does appear to
reduce chronic neck pain [121].

Physical exercise appears to have more analgesic effect than other techniques such as
massage. A clinical trial compared a cervical and scapular muscle strengthening exercise
program with massage, finding that patients performing resistance exercise improved pain,
cervical ROM, upper trapezius tone, disability level, and QOL compared to the massage
group [122].

Among the various types of exercise used to treat neck pain, the most effective in
improving pain intensity and disability are strengthening exercises, motor control exercises,
and yoga/tai chi/Pilates [123].

3.6.3. Fibromyalgia

People with fibromyalgia often catastrophize, which implies a state of pessimism,
helplessness, and rumination about pain-related symptoms [124]. Given that catastrophiz-
ing has an inverse relationship with muscle endurance [125], it is important to avoid pain
or fatigue during physical exercise, because it has been associated with poor adherence to
physical exercise programs when it occurs [104].

Strengthening exercises, aerobic exercises, or a combination of these can produce a
small improvement in pain and function in patients with fibromyalgia [126,127]. It has
also been reported that a low-impact physical exercise protocol combining resistance and
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coordination exercises might be effective in improving pain perception, psychological
aspects (catastrophizing, anxiety, depression), quality of life, and physical fitness [104].

In one study, it was found that aquatic training improved pain threshold, visual
analogue scale pain (p = 0.01), well-being and lower Fibromyalgia Impact Questionnaire
score. However, these benefits were lost after a detraining period of 16 weeks [128]. A
systematic review analyzing 16 studies (881 patients) found low-to-moderate evidence of
a beneficial effect of aquatic exercise on wellness, symptoms, and fitness in adults with
fibromyalgia [127] A subsequent meta-analysis analyzed 22 articles (1722 patients) and
found that aquatic exercise produced an improvement in pain, sleep quality and quality of
life in fibromyalgia patients [129].

3.6.4. Hip and Knee Osteoarthritis

In osteoarthritis of the hip, strengthening, stretching, endurance, and neuromuscular
control exercises are beneficial. They can produce short-term pain improvement, although
not in the medium term [100].

In osteoarthritis of the knee, stretching exercises, gait training, and walking are benefi-
cial. These exercises can produce a small-to-moderate improvement in pain in the short
to medium term, but not in the long term [130]. Within strengthening exercises, both
concentric and eccentric strengthening exercises appear to be effective in improving pain,
although concentric exercises appear to decrease ambulatory pain and pain upon walking
cessation more [131].

Aquatic exercise can produce a small short-term improvement in pain, function, and
quality of life in both hip and knee osteoarthritis [132].

A Cochrane review on non-pharmacological interventions in rheumatoid arthritis
found moderate evidence for the effect of physical exercise in improving fatigue, a condition
that for these patients can be as limiting as pain [133]. Regarding pain, the performance of
an exercise program (twice per week, moderate loads of 50–70% of 1 repetition maximum,
2 sets per exercise, 8–12 repetitions per set) achieved an analgesic effect at 12 months
(0.31 mean on the VAS) and at 24 months (1.1 mean on the VAS) compared with a control
group [134].

4. Limitations of the Study

In this narrative review, the papers that were included were considered most signifi-
cant in relation to the article’s title, giving priority to the research that provided the greatest
amount of evidence.

Pain-mediated exercise has numerous mechanisms of action, but neither the entire
process nor the best application practices are fully understood at this time. Actually, there
is a lot of variation in exercise regimens, which makes it challenging to compare studies.

In the future, more research on the effectiveness of exercise as pain management for
MSK disorders would be ideal. To use the approach as effectively as possible, further
information on the best treatment plans would also be necessary. Exercise has a wide range
of mechanisms of action, and thus it is likely that new treatments for MSK pain will keep
developing.

5. Conclusions

Sedentary behavior and physical inactivity are associated with chronic musculoskeletal
pain and can aggravate it. For the management of this pain, physical exercise is an effective,
inexpensive, and safe therapeutic option, because it does not produce the adverse effects of
pharmacological treatments or invasive techniques.

In addition, its analgesic capacity has an effect on other pain-related areas, such as
sleep quality, activities of daily living, quality of life, physical function, and emotional
impact. In general, even during acute periods, maintaining a minimum level of physical
activity can be beneficial.
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Combining various types of exercise modalities (aerobic, strengthening, flexibility,
and balance), known as multicomponent exercise, is often more effective and can be better
adapted to the individual’s clinical conditions. For chronic pain, aerobic and resistance train-
ing programs appear to provide the greatest benefit at a moderate intensity and duration
of 60–120 min for 7–15 weeks. Exercise programs should be tailored to the specific needs of
each patient, based on patient characteristics and clinical guideline recommendations.

There is solid evidence of the analgesic effect of physical exercise in many pathologies,
such as chronic low back pain, neck pain, osteoarthritis, fibromyalgia, and rheumatoid
arthritis. However, the physical exercise protocols used as an intervention are often not
well defined or are very heterogeneous, as are the outcome measures used. Therefore, it
would be desirable that more studies with an adequate methodology be carried out to
assess the role of physical exercise in the treatment of chronic pain, its mechanism of action
and its short- and long-term effects.

Author Contributions: All authors participated equally in all tasks: conceptualization; methodology;
writing—original draft preparation; and writing—review and editing. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. GBD 2017 Disease and Injury Incidence and Prevalence Collaborators. Global, regional, and national incidence, prevalence, and

years lived with disability for 354 diseases and injuries for 195 countries and territories, 1990–2017: A systematic analysis for the
Global Burden of Disease Study 2017. Lancet 2018, 392, 1789–1858. [CrossRef] [PubMed]

2. International Association for the Study of Pain (IASP). Available online: https://www.iasp-pain.org/publications/iasp-news/
iasp-announces-revised-definition-of-pain/ (accessed on 15 November 2023).

3. Flynn, D.M. Chronic Musculoskeletal Pain: Nonpharmacologic, Noninvasive Treatments. Am. Fam. Physician 2020, 102, 465–477.
4. Sibille, K.T.; Chen, H.; Bartley, E.J.; Riley, J., 3rd; Glover, T.L.; King, C.D.; Zhang, H.; Cruz-Almeida, Y.; Goodin, B.R.; Sotolongo,

A.; et al. Accelerated aging in adults with knee osteoarthritis pain: Consideration for frequency, intensity, time, and total pain
sites. Pain Rep. 2017, 2, e591. [CrossRef] [PubMed]

5. Sonza, A.; da Cunha de Sá-Caputo, D.; Sartorio, A.; Tamini, S.; Seixas, A.; Sanudo, B.; Süßenbach, J.; Provenza, M.M.; Xavier, V.L.;
Taiar, R.; et al. COVID-19 Lockdown and the Behavior Change on Physical Exercise, Pain and Psychological Well-Being: An
International Multicentric Study. Int. J. Environ. Res. Public Health 2021, 18, 3810. [CrossRef] [PubMed]

6. Lahav, Y.; Levy, D.; Ohry, A.; Zeilig, G.; Lahav, M.; Golander, H.; Guber, A.-C.; Uziel, O.; Defrin, R. Chronic Pain and Premature
Aging—The Moderating Role of Physical Exercise. J. Pain 2021, 22, 209–218. [CrossRef]

7. Barendregt, J.; Murray, C.; Burstein, R.; Buchbinder, R. The global burden of low back pain: Estimates from the Global Burden of
Disease 2010 study. Ann. Rheum. Dis. 2014, 73, 968–974. [CrossRef]

8. Fujiwara, A.; Ida, M.; Watanabe, K.; Kawanishi, H.; Kimoto, K.; Yoshimura, K.; Shinohara, K.; Kawaguchi, M. Prevalence and
associated factors of disability in patients with chronic pain: An observational study. Medicine 2021, 100, e27482. [CrossRef]
[PubMed]

9. Bevan, S. Economic impact of musculoskeletal disorders (MSDs) on work in Europe. Best Pract. Res. Clin. Rheumatol. 2015, 29,
356–373. [CrossRef]

10. Caspersen, C.J.; Powell, K.E.; Christenson, G.M. Physical activity, exercise, and physical fitness: Definitions and distinctions for
health-related research. Public Health Rep. 1985, 100, 126–131.

11. Pareja-Galeano, H.; Garatachea, N.; Lucia, A. Exercise as a Polypill for Chronic Diseases. Prog. Mol. Biol. Transl. Sci. 2015, 135,
497–526. [CrossRef]

12. Babatunde, O.O.; Jordan, J.L.; Van der Windt, D.A.; Hill, J.C.; Foster, N.E.; Protheroe, J. Effective treatment options for mus-
culoskeletal pain in primary care: A systematic overview of current evidence. PLoS ONE 2017, 12, e0178621. [CrossRef]
[PubMed]

13. Ambrose, K.R.; Golightly, Y.M. Physical exercise as non-pharmacological treatment of chronic pain: Why and when. Best Pract.
Res. Clin. Rheumatol. 2015, 29, 120–130. [CrossRef]

https://doi.org/10.1016/S0140-6736(18)32279-7
https://www.ncbi.nlm.nih.gov/pubmed/30496104
https://www.iasp-pain.org/publications/iasp-news/iasp-announces-revised-definition-of-pain/
https://www.iasp-pain.org/publications/iasp-news/iasp-announces-revised-definition-of-pain/
https://doi.org/10.1097/PR9.0000000000000591
https://www.ncbi.nlm.nih.gov/pubmed/29392207
https://doi.org/10.3390/ijerph18073810
https://www.ncbi.nlm.nih.gov/pubmed/33917363
https://doi.org/10.1016/j.jpain.2020.08.001
https://doi.org/10.1136/annrheumdis-2013-204428
https://doi.org/10.1097/MD.0000000000027482
https://www.ncbi.nlm.nih.gov/pubmed/34622878
https://doi.org/10.1016/j.berh.2015.08.002
https://doi.org/10.1016/bs.pmbts.2015.07.019
https://doi.org/10.1371/journal.pone.0178621
https://www.ncbi.nlm.nih.gov/pubmed/28640822
https://doi.org/10.1016/j.berh.2015.04.022


Healthcare 2024, 12, 242 13 of 17

14. Thivel, D.; Tremblay, A.; Genin, P.M.; Panahi, S.; Rivière, D.; Duclos, M. Physical Activity, Inactivity, and Sedentary Behaviors:
Definitions and Implications in Occupational Health. Front. Public Health 2018, 6, 288. [CrossRef] [PubMed]

15. Biddle, S.J.; Gorely, T.; Marshall, S.J.; Murdey, I.; Cameron, N. Physical activity and sedentary behaviours in youth: Issues and
controversies. J. R. Soc. Promot. Health 2004, 124, 29–33. [CrossRef]

16. Tremblay, M.S.; Aubert, S.; Barnes, J.D.; Saunders, T.J.; Carson, V.; Latimer-Cheung, A.E.; Chastin, S.F.M.; Altenburg, T.M.;
Chinapaw, M.J.M.; On Behalf of SBRN Terminology Consensus Project Participants. Sedentary Behavior Research Network
(SBRN)—Terminology Consensus Project process and outcome. Int. J. Behav. Nutr. Phys. Act. 2017, 14, 75. [CrossRef] [PubMed]

17. He, C.; He, W.; Hou, J.; Chen, K.; Huang, M.; Yang, M.; Luo, X.; Li, C. Bone and Muscle Crosstalk in Aging. Front. Cell Dev. Biol.
2020, 8, 585644. [CrossRef]

18. Tominari, T.; Ichimaru, R.; Taniguchi, K.; Yumoto, A.; Shirakawa, M.; Matsumoto, C.; Watanabe, K.; Hirata, M.; Itoh, Y.; Shiba, D.;
et al. Hypergravity and microgravity exhibited reversal effects on the bone and muscle mass in mice. Sci. Rep. 2019, 9, 6614.
[CrossRef]

19. Narici, M.; De Vito, G.; Franchi, M.; Paoli, A.; Moro, T.; Marcolin, G.; Grassi, B.; Baldassarre, G.; Zuccarelli, L.; Biolo, G.;
et al. Impact of sedentarism due to the COVID-19 home confinement on neuromuscular, cardiovascular and metabolic health:
Physiological and pathophysiological implications and recommendations for physical and nutritional countermeasures. Eur. J.
Sport Sci. 2021, 21, 614–635. [CrossRef]

20. Bull, F.C.; Al-Ansari, S.S.; Biddle, S.; Borodulin, K.; Buman, M.P.; Cardon, G.; Carty, C.; Chaput, J.-P.; Chastin, S.; Chou, R.; et al.
World Health Organization 2020 guidelines on physical activity and sedentary behaviour. Br. J. Sports Med. 2020, 54, 1451–1462.
[CrossRef]

21. The Lancet Public Health. Time to tackle the physical activity gender gap. Lancet Public Health 2019, 4, e360. [CrossRef]
22. Zhaoyang, R.; Martire, L.M. Daily Sedentary Behavior Predicts Pain and Affect in Knee Arthritis. Ann. Behav. Med. 2019, 53,

642–651. [CrossRef] [PubMed]
23. Bontrup, C.; Taylor, W.R.; Fliesser, M.; Visscher, R.; Green, T.; Wippert, P.-M.; Zemp, R. Low back pain and its relationship with

sitting behaviour among sedentary office workers. Appl. Ergon. 2019, 81, 102894. [CrossRef] [PubMed]
24. Church, T.S.; Thomas, D.M.; Tudor-Locke, C.; Katzmarzyk, P.T.; Earnest, C.P.; Rodarte, R.Q.; Martin, C.K.; Blair, S.N.; Bouchard,

C. Trends over 5 Decades in U.S. Occupation-Related Physical Activity and Their Associations with Obesity. PLoS ONE 2011,
6, e19657. [CrossRef] [PubMed]

25. Guthold, R.; Ono, T.; Strong, K.L.; Chatterji, S.; Morabia, A. Worldwide Variability in Physical Inactivity: A 51-Country Survey.
Am. J. Prev. Med. 2008, 34, 486–494. [CrossRef] [PubMed]

26. Booth, F.W.; Roberts, C.K.; Laye, M.J. Lack of exercise is a major cause of chronic diseases. Compr. Physiol. 2012, 2, 1143–1211.
[CrossRef] [PubMed]

27. Okifuji, A.; Hare, B. The association between chronic pain and obesity. J. Pain Res. 2015, 8, 399–408. [CrossRef]
28. I Basem, J.; White, R.S.; A Chen, S.; Mauer, E.; Steinkamp, M.L.; E Inturrisi, C.; Witkin, L.R. The effect of obesity on pain severity

and pain interference. Pain Manag. 2021, 11, 571–581. [CrossRef] [PubMed]
29. Abplanalp, S.J.; Fulford, D. Physical effort exertion and pain: Links with trait-based risk for psychopathology. Psychiatry Res.

2018, 271, 46–51, Erratum in Psychiatry Res. 2019, 279, 384. [CrossRef]
30. Sommer, C.; Kress, M. Recent findings on how proinflammatory cytokines cause pain: Peripheral mechanisms in inflammatory

and neuropathic hyperalgesia. Neurosci. Lett. 2004, 361, 184–187. [CrossRef]
31. Zusman, M. Forebrain-mediated sensitization of central pain pathways: ‘non-specific’ pain and a new image for MT. Man. Ther.

2002, 7, 80–88. [CrossRef]
32. Clauw, D.J.; Häuser, W.; Cohen, S.P.; Fitzcharles, M.-A. Considering the potential for an increase in chronic pain after the

COVID-19 pandemic. Pain 2020, 161, 1694–1697. [CrossRef]
33. de Almeida, J.G.; Braga, P.E.; Neto, F.L.; Pimenta, C.A.d.M. Chronic Pain and Quality of Life in Schizophrenic Patients. Braz. J.

Psychiatry 2013, 35, 13–20. [CrossRef]
34. Correll, C.U.; Solmi, M.; Veronese, N.; Bortolato, B.; Rosson, S.; Santonastaso, P.; Thapa-Chhetri, N.; Fornaro, M.; Gallicchio, D.;

Collantoni, E.; et al. Prevalence, incidence and mortality from cardiovascular disease in patients with pooled and specific severe
mental illness: A large-scale meta-analysis of 3,211,768 patients and 113,383,368 controls. World Psychiatry 2017, 16, 163–180,
Erratum in World Psychiatry 2018, 17, 120. [CrossRef]

35. Vancampfort, D.; Correll, C.U.; Galling, B.; Probst, M.; De Hert, M.; Ward, P.B.; Rosenbaum, S.; Gaughran, F.; Lally, J.; Stubbs, B.
Diabetes mellitus in people with schizophrenia, bipolar disorder and major depressive disorder: A systematic review and large
scale meta-analysis. World Psychiatry 2016, 15, 166–174. [CrossRef]

36. Cooper, M.A.; Kluding, P.M.; Wright, D.E. Emerging Relationships between Exercise, Sensory Nerves, and Neuropathic Pain.
Front. Neurosci. 2016, 10, 372. [CrossRef]

37. Oesch, P.; Kool, J.; Hagen, K.; Bachmann, S. Effectiveness of exercise on work disability in patients with non-acute non-specific
low back pain: Systematic review and meta-analysis of randomised controlled trials. J. Rehabil. Med. 2010, 42, 193–205. [CrossRef]

38. Law, L.F.; Sluka, K.A. How does physical activity modulate pain? Pain 2017, 158, 369–370. [CrossRef]
39. Naugle, K.M.; Ohlman, T.; Naugle, K.E.; Riley, Z.A.; Keith, N.R. Physical activity behavior predicts endogenous pain modulation

in older adults. Pain 2017, 158, 383–390. [CrossRef]

https://doi.org/10.3389/fpubh.2018.00288
https://www.ncbi.nlm.nih.gov/pubmed/30345266
https://doi.org/10.1177/146642400312400110
https://doi.org/10.1186/s12966-017-0525-8
https://www.ncbi.nlm.nih.gov/pubmed/28599680
https://doi.org/10.3389/fcell.2020.585644
https://doi.org/10.1038/s41598-019-42829-z
https://doi.org/10.1080/17461391.2020.1761076
https://doi.org/10.1136/bjsports-2020-102955
https://doi.org/10.1016/S2468-2667(19)30135-5
https://doi.org/10.1093/abm/kay073
https://www.ncbi.nlm.nih.gov/pubmed/30265286
https://doi.org/10.1016/j.apergo.2019.102894
https://www.ncbi.nlm.nih.gov/pubmed/31422243
https://doi.org/10.1371/journal.pone.0019657
https://www.ncbi.nlm.nih.gov/pubmed/21647427
https://doi.org/10.1016/j.amepre.2008.02.013
https://www.ncbi.nlm.nih.gov/pubmed/18471584
https://doi.org/10.1002/cphy.c110025
https://www.ncbi.nlm.nih.gov/pubmed/23798298
https://doi.org/10.2147/jpr.s55598
https://doi.org/10.2217/pmt-2020-0089
https://www.ncbi.nlm.nih.gov/pubmed/34102863
https://doi.org/10.1016/j.psychres.2018.10.010
https://doi.org/10.1016/j.neulet.2003.12.007
https://doi.org/10.1054/math.2002.0442
https://doi.org/10.1097/j.pain.0000000000001950
https://doi.org/10.1016/j.rbp.2011.11.003
https://doi.org/10.1002/wps.20420
https://doi.org/10.1002/wps.20309
https://doi.org/10.3389/fnins.2016.00372
https://doi.org/10.2340/16501977-0524
https://doi.org/10.1097/j.pain.0000000000000792
https://doi.org/10.1097/j.pain.0000000000000769


Healthcare 2024, 12, 242 14 of 17

40. Naugle, K.M.; Fillingim, R.B.; Riley, J.L., 3rd. A Meta-Analytic Review of the Hypoalgesic Effects of Exercise. J. Pain 2012, 13,
1139–1150. [CrossRef]

41. Scheef, L.; Jankowski, J.; Daamen, M.; Weyer, G.; Klingenberg, M.; Renner, J.; Mueckter, S.; Schürmann, B.; Musshoff, F.; Wagner,
M.; et al. An fMRI study on the acute effects of exercise on pain processing in trained athletes. Pain 2012, 153, 1702–1714.
[CrossRef]

42. Steffens, D.; Maher, C.G.; Pereira, L.S.M.; Stevens, M.L.; Oliveira, V.C.; Chapple, M.; Teixeira-Salmela, L.F.; Hancock, M.J.
Prevention of Low Back Pain: A Systematic Review and Meta-analysis. JAMA Intern. Med. 2016, 176, 199–208. [CrossRef]

43. Pangarkar, S.S.; Kang, D.G.; Sandbrink, F.; Bevevino, A.; Tillisch, K.; Konitzer, L.; Sall, J. VA/DoD Clinical Practice Guideline:
Diagnosis and Treatment of Low Back Pain. J. Gen. Intern. Med. 2019, 34, 2620–2629. [CrossRef]

44. Somers, T.J.; Wren, A.A.; Shelby, R.A. The Context of Pain in Arthritis: Self-efficacy for Managing Pain and Other Symptoms.
Curr. Pain Headache Rep. 2012, 16, 502–508. [CrossRef]

45. Karasawa, Y.; Yamada, K.; Iseki, M.; Yamaguchi, M.; Murakami, Y.; Tamagawa, T.; Kadowaki, F.; Hamaoka, S.; Ishii, T.; Kawai, A.;
et al. Association between change in self-efficacy and reduction in disability among patients with chronic pain. PLoS ONE 2019,
14, e0215404. [CrossRef]

46. Geneen, L.J.; Moore, R.A.; Clarke, C.; Martin, D.; Colvin, L.A.; Smith, B.H. Physical activity and exercise for chronic pain in adults:
An overview of Cochrane Reviews. Cochrane Database Syst. Rev. 2017, 4, CD011279. [CrossRef]

47. Lluch, E.; Torres, R.; Nijs, J.; Van Oosterwijck, J. Evidence for central sensitization in patients with osteoarthritis pain: A systematic
literature review. Eur. J. Pain 2014, 18, 1367–1375. [CrossRef]

48. Jaleel, G.; Abu Shaphe, M.; Khan, A.R.; Malhotra, D.; Khan, H.; Parveen, S.; Qasheesh, M.; Beg, R.A.; Chahal, A.; Ahmad, F.; et al.
Effect of Exercises on Central and Endocrine System for Pain Modulation in Primary Dysmenorrhea. J. Lifestyle Med. 2022, 12,
15–25. [CrossRef]

49. Mense, S. Nociception from skeletal muscle in relation to clinical muscle pain. Pain 1993, 54, 241–289. [CrossRef]
50. Nielsen, P.K.; Andersen, L.L.; Olsen, H.B.; Rosendal, L.; Sjøgaard, G.; Søgaard, K. Effect of physical training on pain sensitivity

and trapezius muscle morphology. Muscle Nerve 2010, 41, 836–844. [CrossRef]
51. May, A. Chronic pain may change the structure of the brain. Pain 2008, 137, 7–15. [CrossRef] [PubMed]
52. Pujol, J.; Macià, D.; Garcia-Fontanals, A.; Blanco-Hinojo, L.; López-Solà, M.; Garcia-Blanco, S.; Poca-Dias, V.; Harrison, B.J.;

Contreras-Rodríguez, O.; Monfort, J.; et al. The contribution of sensory system functional connectivity reduction to clinical pain
in fibromyalgia. Pain 2014, 155, 1492–1503. [CrossRef] [PubMed]

53. Geha, P.Y.; Baliki, M.N.; Harden, R.N.; Bauer, W.R.; Parrish, T.B.; Apkarian, A.V. The Brain in Chronic CRPS Pain: Abnormal
Gray-White Matter Interactions in Emotional and Autonomic Regions. Neuron 2008, 60, 570–581. [CrossRef] [PubMed]

54. de Zoete, R.M.J.; Chen, K.; Sterling, M. Central neurobiological effects of physical exercise in individuals with chronic muscu-
loskeletal pain: A systematic review. BMJ Open 2020, 10, e036151. [CrossRef]

55. Millan, M.J. Descending control of pain. Prog. Neurobiol. 2002, 66, 355–474. [CrossRef]
56. Dietrich, A.; McDaniel, W.F. Endocannabinoids and exercise. Br. J. Sports Med. 2004, 38, 536–541. [CrossRef] [PubMed]
57. Brito, R.G.; Rasmussen, L.A.; Sluka, K.A. Regular physical activity prevents development of chronic muscle pain through

modulation of supraspinal opioid and serotonergic mechanisms. Pain Rep. 2017, 2, e618. [CrossRef] [PubMed]
58. Chen, Y.-W.; Tzeng, J.-I.; Lin, M.-F.; Hung, C.-H.; Wang, J.-J. Forced treadmill running suppresses postincisional pain and Inhibits

upregulation of substance P and cytokines in rat dorsal root ganglion. J. Pain 2014, 15, 827–834. [CrossRef] [PubMed]
59. Colt, E.W.; Wardlaw, S.L.; Frantz, A.G. The effect of running on plasma β-endorphin. Life Sci. 1981, 28, 1637–1640. [CrossRef]
60. de Oliveira, M.S.R.; Fernandes, M.J.d.S.; Scorza, F.A.; Persike, D.S.; Scorza, C.A.; da Ponte, J.B.; de Albuquerque, M.; Cavalheiro,

E.A.; Arida, R.M. Acute and chronic exercise modulates the expression of MOR opioid receptors in the hippocampal formation of
rats. Brain Res. Bull. 2010, 83, 278–283. [CrossRef]

61. Raichlen, D.A.; Foster, A.D.; Gerdeman, G.L.; Seillier, A.; Giuffrida, A. Wired to run: Exercise-induced endocannabinoid signaling
in humans and cursorial mammals with implications for the ‘runner’s high’. J. Exp. Biol. 2012, 215, 1331–1336. [CrossRef]

62. Galdino, G.; Romero, T.; da Silva, J.F.P.; Aguiar, D.; de Paula, A.M.; Cruz, J.; Parrella, C.; Piscitelli, F.; Duarte, I.; Di Marzo, V.; et al.
Acute resistance exercise induces antinociception by activation of the endocannabinoid system in rats. Anesth. Analg. 2014, 119,
702–715. [CrossRef] [PubMed]

63. Inase, M.; Nakahama, H.; Otsuki, T.; Fang, J. Analgesic effects of serotonin microinjection into nucleus raphe magnus and nucleus
raphe dorsalis evaluated by the monosodium urate (MSU) tonic pain model in the rat. Brain Res. 1987, 426, 205–211. [CrossRef]
[PubMed]

64. Gerin, C.; Teilhac, J.-R.; Smith, K.; Privat, A. Motor activity induces release of serotonin in the dorsal horn of the rat lumbar spinal
cord. Neurosci. Lett. 2008, 436, 91–95. [CrossRef]

65. Harmer, C.J. Serotonin and emotional processing: Does it help explain antidepressant drug action? Neuropharmacology 2008, 55,
1023–1028. [CrossRef]

66. Da Silva, L.F.S.; Walder, R.Y.; Davidson, B.L.; Wilson, S.P.; Sluka, K.A. Changes in expression of NMDA-NR1 receptor subunits in
the rostral ventromedial medulla modulate pain behaviors. Pain 2010, 151, 155–161. [CrossRef]

67. Nicholas, A.P.; Hökfely, T.; Pieribone, V.A. The distribution and significance of CNS adrenoceptors examined with in situ
hybridization. Trends Pharmacol. Sci. 1996, 17, 245–255. [CrossRef]

https://doi.org/10.1016/j.jpain.2012.09.006
https://doi.org/10.1016/j.pain.2012.05.008
https://doi.org/10.1001/jamainternmed.2015.7431
https://doi.org/10.1007/s11606-019-05086-4
https://doi.org/10.1007/s11916-012-0298-3
https://doi.org/10.1371/journal.pone.0215404
https://doi.org/10.1002/14651858
https://doi.org/10.1002/j.1532-2149.2014.499.x
https://doi.org/10.15280/jlm.2022.12.1.15
https://doi.org/10.1016/0304-3959(93)90027-m
https://doi.org/10.1002/mus.21577
https://doi.org/10.1016/j.pain.2008.02.034
https://www.ncbi.nlm.nih.gov/pubmed/18410991
https://doi.org/10.1016/j.pain.2014.04.028
https://www.ncbi.nlm.nih.gov/pubmed/24792477
https://doi.org/10.1016/j.neuron.2008.08.022
https://www.ncbi.nlm.nih.gov/pubmed/19038215
https://doi.org/10.1136/bmjopen-2019-036151
https://doi.org/10.1016/S0301-0082(02)00009-6
https://doi.org/10.1136/bjsm.2004.011718
https://www.ncbi.nlm.nih.gov/pubmed/15388533
https://doi.org/10.1097/PR9.0000000000000618
https://www.ncbi.nlm.nih.gov/pubmed/29392233
https://doi.org/10.1016/j.jpain.2014.04.010
https://www.ncbi.nlm.nih.gov/pubmed/24854064
https://doi.org/10.1016/0024-3205(81)90319-2
https://doi.org/10.1016/j.brainresbull.2010.07.009
https://doi.org/10.1242/jeb.063677
https://doi.org/10.1213/ANE.0000000000000340
https://www.ncbi.nlm.nih.gov/pubmed/24977916
https://doi.org/10.1016/0006-8993(87)90874-2
https://www.ncbi.nlm.nih.gov/pubmed/3690323
https://doi.org/10.1016/j.neulet.2008.01.081
https://doi.org/10.1016/j.neuropharm.2008.06.036
https://doi.org/10.1016/j.pain.2010.06.037
https://doi.org/10.1016/0165-6147(96)10022-5


Healthcare 2024, 12, 242 15 of 17

68. Bobinski, F.; Ferreira, T.A.; Córdova, M.M.; Dombrowski, P.A.; da Cunha, C.; Santo, C.C.D.E.; Poli, A.; Pires, R.G.; Martins-Silva,
C.; Sluka, K.A.; et al. Role of brainstem serotonin in analgesia produced by low-intensity exercise on neuropathic pain after sciatic
nerve injury in mice. Pain 2015, 156, 2595–2606. [CrossRef]

69. Pagliari, R.; Peyrin, L. Norepinephrine release in the rat frontal cortex under treadmill exercise: A study with microdialysis. J.
Appl. Physiol. 1995, 78, 2121–2130. [CrossRef]

70. Weiss, L.R.; Venezia, A.C.; Smith, J.C. A single bout of hard RPE-based cycling exercise increases salivary alpha-amylase. Physiol.
Behav. 2019, 208, 112555. [CrossRef] [PubMed]

71. Coronel, M.F.; Labombarda, F.; Villar, M.J.; De Nicola, A.F.; González, S.L. Progesterone prevents allodynia after experimental
spinal cord injury. J. Pain 2011, 12, 71–83. [CrossRef]

72. Bonen, A.; Ling, W.Y.; MacIntyre, K.P.; Neil, R.; McGrail, J.C.; Belcastro, A.N. Effects of exercise on the serum concentrations of
FSH, LH, progesterone, and estradiol. Eur. J. Appl. Physiol. Occup. Physiol. 1979, 42, 15–23. [CrossRef] [PubMed]

73. Jiang, H.; Anderson, G.D.; McGiff, J.C. The red blood cell participates in regulation of the circulation by producing and releasing
epoxyeicosatrienoic acids. Prostaglandins Other Lipid Mediat. 2012, 98, 91–93. [CrossRef] [PubMed]

74. Trappe, T.A.; Liu, S.Z. Effects of prostaglandins and COX-inhibiting drugs on skeletal muscle adaptations to exercise. J. Appl.
Physiol. 2013, 115, 909–919. [CrossRef] [PubMed]

75. Jeanjean, A.; Moussaoui, S.; Maloteaux, J.-M.; Laduron, P. Interleukin-1β induces long-term increase of axonally transported
opiate receptors and substance P. Neuroscience 1995, 68, 151–157. [CrossRef] [PubMed]

76. Balazy, M.; Schieber, E.B.; McGiff, J.C. Identification of arachidonate epoxides in human platelets. Adv. Prostaglandin Thromboxane
Leukot. Res. 1995, 23, 199–201.

77. Kasapis, C.; Thompson, P.D. The effects of physical activity on serum C-reactive protein and inflammatory markers: A systematic
review. J. Am. Coll. Cardiol. 2005, 45, 1563–1569. [CrossRef]

78. Dale, R.; Stacey, B. Multimodal Treatment of Chronic Pain. Med. Clin. N. Am. 2016, 100, 55–64. [CrossRef]
79. Kroll, H.R. Exercise Therapy for Chronic Pain. Phys. Med. Rehabil. Clin. N. Am. 2015, 26, 263–281. [CrossRef]
80. Rice, D.; Nijs, J.; Kosek, E.; Wideman, T.; I Hasenbring, M.; Koltyn, K.; Graven-Nielsen, T.; Polli, A. Exercise-Induced Hypoalgesia

in Pain-Free and Chronic Pain Populations: State of the Art and Future Directions. J. Pain 2019, 20, 1249–1266. [CrossRef]
81. Axon, D.R.; Maldonado, T. Association between Pain and Frequent Physical Exercise among Adults in the United States: A

Cross-Sectional Database Study. Sports 2023, 11, 126. [CrossRef]
82. Jones, K.D.; Adams, D.; Winters-Stone, K.; Burckhardt, C.S. A comprehensive review of 46 exercise treatment studies in

fibromyalgia (1988–2005). Health Qual. Life Outcomes 2006, 4, 67. [CrossRef]
83. Gavi, M.B.; Vassalo, D.V.; Amaral, F.T.; Macedo, D.C.F.; Gava, P.L.; Dantas, E.M.; Valim, V. Strengthening exercises improve

symptoms and quality of life but do not change autonomic modulation in fibromyalgia: A randomized clinical trial. PLoS ONE
2014, 9, e90767. [CrossRef]

84. Naugle, K.M.; Naugle, K.E.; Fillingim, R.B.; Samuels, B.; Riley, J.L., 3rd. Intensity Thresholds for Aerobic Exercise-Induced
Hypoalgesia. Med. Sci. Sports Exerc. 2014, 46, 817–825. [CrossRef] [PubMed]

85. Zi-Han, X.; Nan, A.; Rui, C.J.; Yong-Long, Y. Modulation of pain perceptions following treadmill running with different intensities
in females. Physiol. Rep. 2023, 11, e15831. [CrossRef]

86. Tomschi, F.; Lieverkus, D.; Hilberg, T. Exercise-induced hypoalgesia (EIH) in response to different exercise intensities. Eur. J. Appl.
Physiol. 2022, 122, 2213–2222. [CrossRef]

87. Niwa, Y.; Shimo, K.; Ohga, S.; Tokiwa, Y.; Hattori, T.; Matsubara, T. Effects of Exercise-Induced Hypoalgesia at Different Aerobic
Exercise Intensities in Healthy Young Adults. J. Pain Res. 2022, 15, 3615–3624. [CrossRef]

88. Hoeger Bement, M.K.; Dicapo, J.; Rasiarmos, R.; Hunter, S.K. Dose response of isometric contractions on pain perception in
healthy adults. Med. Sci. Sports Exerc. 2008, 40, 1880–1889. [CrossRef]

89. Vaegter, H.B.; Lyng, K.D.; Yttereng, F.W.; Christensen, M.H.; Sørensen, M.B.; Graven-Nielsen, T. Exercise-Induced Hypoalgesia
After Isometric Wall Squat Exercise: A Test-Retest Reliabilty Study. Pain Med. 2019, 20, 129–137. [CrossRef] [PubMed]

90. Juhl, C.; Christensen, R.; Roos, E.M.; Zhang, W.; Lund, H. Impact of Exercise Type and Dose on Pain and Disability in Knee
Osteoarthritis: A Systematic Review and Meta-Regression Analysis of Randomized Controlled Trials. Arthritis Rheumatol. 2014,
66, 622–636. [CrossRef] [PubMed]

91. Polaski, A.M.; Phelps, A.L.; Kostek, M.C.; Szucs, K.A.; Kolber, B.J. Exercise-induced hypoalgesia: A meta-analysis of exercise
dosing for the treatment of chronic pain. PLoS ONE 2019, 14, e0210418. [CrossRef]

92. Tomschi, F.; Kieckbusch, L.; Zachow, J.; Hilberg, T. Does Exercise-Induced Hypoalgesia Depend on Exercise Duration? Biology
2023, 12, 222. [CrossRef] [PubMed]

93. Sluka, K.A.; Frey-Law, L.; Hoeger Bement, M. Exercise-induced pain and analgesia? Underlying mechanisms and clinical
translation. Pain 2018, 159 (Suppl. 1), S91–S97. [CrossRef] [PubMed]

94. Jordan, J.L.; A Holden, M.; Mason, E.E.; E Foster, N. Interventions to improve adherence to exercise for chronic musculoskeletal
pain in adults. Cochrane Database Syst. Rev. 2010, 2010, CD005956. [CrossRef]

95. Stagg, N.J.; Mata, H.P.; Ibrahim, M.M.; Henriksen, E.J.; Porreca, F.; Vanderah, T.W.; Philip Malan, T., Jr. Regular Exercise
reverses sensory hypersensitivity in a rat neuropathic pain model: Role of endogenous opioids. Anesthesiology 2011, 114, 940–948.
[CrossRef]

https://doi.org/10.1097/j.pain.0000000000000372
https://doi.org/10.1152/jappl.1995.78.6.2121
https://doi.org/10.1016/j.physbeh.2019.05.016
https://www.ncbi.nlm.nih.gov/pubmed/31100296
https://doi.org/10.1016/j.jpain.2010.04.013
https://doi.org/10.1007/BF00421100
https://www.ncbi.nlm.nih.gov/pubmed/499193
https://doi.org/10.1016/j.prostaglandins.2011.11.008
https://www.ncbi.nlm.nih.gov/pubmed/22178722
https://doi.org/10.1152/japplphysiol.00061.2013
https://www.ncbi.nlm.nih.gov/pubmed/23539318
https://doi.org/10.1016/0306-4522(95)00106-S
https://www.ncbi.nlm.nih.gov/pubmed/7477920
https://doi.org/10.1016/j.jacc.2004.12.077
https://doi.org/10.1016/j.mcna.2015.08.012
https://doi.org/10.1016/j.pmr.2014.12.007
https://doi.org/10.1016/j.jpain.2019.03.005
https://doi.org/10.3390/sports11070126
https://doi.org/10.1186/1477-7525-4-67
https://doi.org/10.1371/journal.pone.0090767
https://doi.org/10.1249/MSS.0000000000000143
https://www.ncbi.nlm.nih.gov/pubmed/24002342
https://doi.org/10.14814/phy2.15831
https://doi.org/10.1007/s00421-022-04997-1
https://doi.org/10.2147/jpr.s384306
https://doi.org/10.1249/mss.0b013e31817eeecc
https://doi.org/10.1093/pm/pny087
https://www.ncbi.nlm.nih.gov/pubmed/29788440
https://doi.org/10.1002/art.38290
https://www.ncbi.nlm.nih.gov/pubmed/24574223
https://doi.org/10.1371/journal.pone.0210418
https://doi.org/10.3390/biology12020222
https://www.ncbi.nlm.nih.gov/pubmed/36829500
https://doi.org/10.1097/j.pain.0000000000001235
https://www.ncbi.nlm.nih.gov/pubmed/30113953
https://doi.org/10.1002/14651858.cd005956.pub2
https://doi.org/10.1097/ALN.0b013e318210f880


Healthcare 2024, 12, 242 16 of 17

96. Bobinski, F.; Martins, D.; Bratti, T.; Mazzardo-Martins, L.; Winkelmann-Duarte, E.; Guglielmo, L.; Santos, A. Neuroprotective and
neuroregenerative effects of low-intensity aerobic exercise on sciatic nerve crush injury in mice. Neuroscience 2011, 194, 337–348.
[CrossRef]

97. Smith, B.E.; Hendrick, P.; Smith, T.O.; Bateman, M.; Moffatt, F.; Rathleff, M.S.; Selfe, J.; Logan, P. Should exercises be painful in the
management of chronic musculoskeletal pain? A systematic review and meta-analysis. Br. J. Sports Med. 2017, 51, 1679–1687.
[CrossRef]

98. Slade, S.C.; Dionne, C.E.; Underwood, M.; Buchbinder, R. Consensus on Exercise Reporting Template (CERT): Explanation and
Elaboration Statement. Br. J. Sports Med. 2016, 50, 1428–1437. [CrossRef] [PubMed]

99. Bressel, E.; Dolny, D.G.; Gibbons, M. Trunk muscle activity during exercises performed on land and in water. Med. Sci. Sports
Exerc. 2011, 43, 1927–1932. [CrossRef]

100. Almeida, C.; DeMaman, A.; Kusuda, R.; Cadetti, F.; Ravanelli, M.I.; Queiroz, A.L.; Sousa, T.A.; Zanon, S.; Silveira, L.R.; Lucas, G.
Exercise therapy normalizes BDNF upregulation and glial hyperactivity in a mouse model of neuropathic pain. Pain 2015, 156,
504–513. [CrossRef]

101. Chen, Y.W.; Li, Y.T.; Chen, Y.C.; Li, Z.Y.; Hung, C.H. Exercise Training Attenuates Neuropathic Pain and Cytokine Expression
After Chronic Constriction Injury of Rat Sciatic Nerve. Anesth. Analg. 2012, 114, 1330–1337. [CrossRef]

102. Klem, N.R.; Smith, A.; O’Sullivan, P.; Dowsey, M.M.; Schütze, R.; Kent, P.; Choong, P.F.; Bunzli, S. What Influences Patient
Satisfaction after TKA? A Qualitative Investigation. Clin. Orthop. Relat. Res. 2020, 478, 1850–1866. [CrossRef] [PubMed]

103. Lazaridou, A.; O Martel, M.; Cornelius, M.; Franceschelli, O.; Campbell, C.; Smith, M.; A Haythornthwaite, J.; Wright, J.R.;
Edwards, R.R. The Association Between Daily Physical Activity and Pain Among Patients with Knee Osteoarthritis: The
Moderating Role of Pain Catastrophizing. Pain Med. 2019, 20, 916–924. [CrossRef] [PubMed]

104. Izquierdo-Alventosa, R.; Inglés, M.; Cortés-Amador, S.; Gimeno-Mallench, L.; Chirivella-Garrido, J.; Kropotov, J.; Serra-Añó, P.
Low-Intensity Physical Exercise Improves Pain Catastrophizing and Other Psychological and Physical Aspects in Women with
Fibromyalgia: A Randomized Controlled Trial. Int. J. Environ. Res. Public Health 2020, 17, 3634. [CrossRef] [PubMed]

105. Søgaard, K.; Sjøgaard, G. Physical Activity as Cause and Cure of Muscular Pain: Evidence of Underlying Mechanisms. Exerc.
Sport Sci. Rev. 2017, 45, 136–145. [CrossRef] [PubMed]

106. Heneweer, H.; Staes, F.; Aufdemkampe, G.; van Rijn, M.; Vanhees, L. Physical activity and low back pain: A systematic review of
recent literature. Eur. Spine J. 2011, 20, 826–845. [CrossRef]

107. Chou, R. Nonpharmacologic Therapies for Low Back Pain. Ann. Intern. Med. 2017, 167, 606–607. [CrossRef] [PubMed]
108. Skelly, A.C.; Chou, R.; Dettori, J.R.; Turner, J.A.; Friedly, J.L.; Rundell, S.D.; Fu, R.; Brodt, E.D.; Wasson, N.; Winter, C.; et al.

Noninvasive Nonpharmacological Treatment for Chronic Pain: A Systematic Review Update; Report No.: 20-EHC009; Agency for
Healthcare Research and Quality (US): Rockville, MD, USA, 2020.

109. Peng, M.-S.; Wang, R.; Wang, Y.-Z.; Chen, C.-C.; Wang, J.; Liu, X.-C.; Song, G.; Guo, J.-B.; Chen, P.-J.; Wang, X.-Q. Efficacy of
Therapeutic Aquatic Exercise vs Physical Therapy Modalities for Patients With Chronic Low Back Pain: A Randomized Clinical
Trial. JAMA Netw. Open 2022, 5, e2142069. [CrossRef] [PubMed]

110. Nyska, M.; Constantini, N.; Benzoor, C.; Back, Z.; Kahn, G.; Mann, G. Spondylolysis as a cause of low back pain in swimmers. Int.
J. Sports Med. 2000, 21, 375–379. [CrossRef]

111. Wieland, L.S.; Skoetz, N.; Pilkington, K.; Vempati, R.; D’Adamo, C.R.; Berman, B.M. Yoga treatment for chronic non-specific
low back pain. Cochrane Database Syst. Rev. 2017, 2017, CD010671; Update in Cochrane Database Syst. Rev. 2022, 11, CD010671.
[CrossRef]

112. Chou, R.; Deyo, R.; Friedly, J.; Skelly, A.; Hashimoto, R.; Weimer, M.; Fu, R.; Dana, T.; Kraegel, P.; Griffin, J.; et al. Nonpharmaco-
logic Therapies for Low Back Pain: A Systematic Review for an American College of Physicians Clinical Practice Guideline. Ann.
Intern. Med. 2017, 166, 493–505. [CrossRef]

113. Hall, A.; Copsey, B.; Richmond, H.; Thompson, J.; Ferreira, M.; Latimer, J.; Maher, C.G. Effectiveness of Tai Chi for Chronic
Musculoskeletal Pain Conditions: Updated Systematic Review and Meta-Analysis. Phys. Ther. 2017, 97, 227–238. [CrossRef]
[PubMed]

114. Taylor, N.F.; Evans, O.M.; Goldie, P.A. The effect of walking faster on people with acute low back pain. Eur. Spine J. 2003, 12,
166–172. [CrossRef]

115. Hendrick, P.; Wake, A.M.T.; Tikkisetty, A.S.; Wulff, L.; Yap, C.; Milosavljevic, S. The effectiveness of walking as an intervention for
low back pain: A systematic review. Eur. Spine J. 2010, 19, 1613–1620. [CrossRef] [PubMed]

116. Callaghan, J.P.; Patla, A.E.; McGill, S.M. Low back three-dimensional joint forces, kinematics, and kinetics during walking. Clin.
Biomech. 1999, 14, 203–216. [CrossRef] [PubMed]

117. Ogon, M.; Aleksiev, A.R.; Spratt, K.F.; Pope, M.H.; Saltzman, C.L. Footwear affects the behavior of Low back muscles when
jogging. Int. J. Sports Med. 2001, 22, 414–419. [CrossRef] [PubMed]

118. Ribaud, A.; Tavares, I.; Viollet, E.; Julia, M.; Hérisson, C.; Dupeyron, A. Which physical activities and sports can be recommended
to chronic low back pain patients after rehabilitation? Ann. Phys. Rehabil. Med. 2013, 56, 576–594. [CrossRef]

119. Burnett, A.F.; Cornelius, M.W.; Dankaerts, W.; O’sullivan, P.B. Spinal kinematics and trunk muscle activity in cyclists: A
comparison between healthy controls and non-specific chronic low back pain subjects—A pilot investigation. Man. Ther. 2004, 9,
211–219. [CrossRef]

https://doi.org/10.1016/j.neuroscience.2011.07.075
https://doi.org/10.1136/bjsports-2016-097383
https://doi.org/10.1136/bjsports-2016-096651
https://www.ncbi.nlm.nih.gov/pubmed/27707738
https://doi.org/10.1249/MSS.0b013e318219dae7
https://doi.org/10.1097/01.j.pain.0000460339.23976.12
https://doi.org/10.1213/ane.0b013e31824c4ed4
https://doi.org/10.1097/corr.0000000000001284
https://www.ncbi.nlm.nih.gov/pubmed/32732567
https://doi.org/10.1093/pm/pny129
https://www.ncbi.nlm.nih.gov/pubmed/30016486
https://doi.org/10.3390/ijerph17103634
https://www.ncbi.nlm.nih.gov/pubmed/32455853
https://doi.org/10.1249/JES.0000000000000112
https://www.ncbi.nlm.nih.gov/pubmed/28418998
https://doi.org/10.1007/s00586-010-1680-7
https://doi.org/10.7326/l17-0395
https://www.ncbi.nlm.nih.gov/pubmed/29049772
https://doi.org/10.1001/jamanetworkopen.2021.42069
https://www.ncbi.nlm.nih.gov/pubmed/34994794
https://doi.org/10.1055/s-2000-3780
https://doi.org/10.1002/14651858.cd010671.pub2
https://doi.org/10.7326/m16-2459
https://doi.org/10.2522/ptj.20160246
https://www.ncbi.nlm.nih.gov/pubmed/27634919
https://doi.org/10.1007/s00586-002-0498-3
https://doi.org/10.1007/s00586-010-1412-z
https://www.ncbi.nlm.nih.gov/pubmed/20414688
https://doi.org/10.1016/S0268-0033(98)00069-2
https://www.ncbi.nlm.nih.gov/pubmed/10619108
https://doi.org/10.1055/s-2001-16240
https://www.ncbi.nlm.nih.gov/pubmed/11531033
https://doi.org/10.1016/j.rehab.2013.08.007
https://doi.org/10.1016/j.math.2004.06.002


Healthcare 2024, 12, 242 17 of 17

120. Salai, M.; Brosh, T.; Blankstein, A.; Oran, A.; Chechik, A. Effect of changing the saddle angle on the incidence of low back pain in
recreational bicyclists. Br. J. Sports Med. 1999, 33, 398–400. [CrossRef]

121. Gross, A.; Paquin, J.; Dupont, G.; Blanchette, S.; Lalonde, P.; Cristie, T.; Graham, N.; Kay, T.; Burnie, S.; Gelley, G.; et al. Exercises
for mechanical neck disorders: A Cochrane review update. Man. Ther. 2016, 24, 25–45. [CrossRef]

122. Kang, T.; Kim, B. Cervical and scapula-focused resistance exercise program versus trapezius massage in patients with chronic
neck pain: A randomized controlled trial. Medicine 2022, 101, e30887. [CrossRef]

123. de Zoete, R.M.; Armfield, N.R.; McAuley, J.H.; Chen, K.; Sterling, M. Comparative effectiveness of physical exercise interventions
for chronic non-specific neck pain: A systematic review with network meta-analysis of 40 randomised controlled trials. Br. J.
Sports Med. 2020, 55, 730–742. [CrossRef]

124. Schütze, R.; Rees, C.; Smith, A.; Slater, H.; O’sullivan, P. Metacognition, perseverative thinking, and pain catastrophizing: A
moderated-mediation analysis. Eur. J. Pain 2020, 24, 223–233. [CrossRef]

125. Larivière, C.; Bilodeau, M.; Forget, R.; Vadeboncoeur, R.; Mecheri, H. Poor Back Muscle Endurance Is Related to Pain Catastro-
phizing in Patients With Chronic Low Back Pain. Spine 2010, 35, E1178–E1186. [CrossRef]

126. Busch, A.J.; Webber, S.; Richards, R.S.; Bidonde, J.; Schachter, C.L.; Schafer, L.A.; Danyliw, A.; Sawant, A.; Bello-Haas, V.D.; Rader,
T.; et al. Resistance exercise training for fibromyalgia. Cochrane Database Syst. Rev. 2013, 2013, CD010884. [CrossRef]

127. Bidonde, J.; Busch, A.J.; Webber, S.C.; Schachter, C.L.; Danyliw, A.; Overend, T.J.; Richards, R.S.; Rader, T. Aquatic exercise training
for fibromyalgia. Cochrane Database Syst. Rev. 2014, 2014, CD011336. [CrossRef]

128. Andrade, C.P.; Zamunér, A.R.; Forti, M.; Tamburús, N.Y.; Silva, E. Effects of aquatic training and detraining on women with
fibromyalgia: Controlled randomized clinical trial. Eur. J. Phys. Rehabil. Med. 2019, 55, 79–88. [CrossRef]

129. Bravo, C.; Rubí-Carnacea, F.; Colomo, I.; Sánchez-De-La-Torre, M.; Fernández-Lago, H.; Climent-Sanz, C. Aquatic therapy
improves self-reported sleep quality in fibromyalgia patients: A systematic review and meta-analysis. Sleep Breath. 2023; Epub
ahead of print. [CrossRef]

130. Fransen, M.; McConnell, S.; Harmer, A.R.; Van der Esch, M.; Simic, M.; Bennell, K.L. Exercise for osteoarthritis of the knee.
Cochrane Database Syst. Rev. 2015, 1, CD004376. [CrossRef] [PubMed]

131. Vincent, K.R.; Vincent, H.K. Concentric and Eccentric Resistance Training Comparison on Physical Function and Functional
Pain Outcomes in Knee Osteoarthritis: A Randomized Controlled Trial. Am. J. Phys. Med. Rehabil. 2020, 99, 932–940. [CrossRef]
[PubMed]

132. Bartels, E.M.; Juhl, C.B.; Christensen, R.; Hagen, K.B.; Danneskiold-Samsøe, B.; Dagfinrud, H.; Lund, H. Aquatic exercise for the
treatment of knee and hip osteoarthritis. Cochrane Database Syst. Rev. 2016, 3, CD005523. [CrossRef] [PubMed]

133. Cramp, F.; Hewlett, S.; Almeida, C.; Kirwan, J.R.; Choy, E.H.; Chalder, T.; Pollock, J.; Christensen, R. Non-pharmacological
interventions for fatigue in rheumatoid arthritis. Cochrane Database Syst. Rev. 2013, CD008322. [CrossRef]

134. Häkkinen, A.; Sokka, T.; Lietsalmi, A.; Kautiainen, H.; Hannonen, P. Effects of dynamic strength training on physical function,
Valpar 9 work sample test, and working capacity in patients with recent-onset rheumatoid arthritis. Arthritis Rheum. 2003, 49,
71–77. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1136/bjsm.33.6.398
https://doi.org/10.1016/j.math.2016.04.005
https://doi.org/10.1097/MD.0000000000030887
https://doi.org/10.1136/bjsports-2020-102664
https://doi.org/10.1002/ejp.1479
https://doi.org/10.1097/BRS.0b013e3181e53334
https://doi.org/10.1002/14651858.cd010884
https://doi.org/10.1002/14651858.CD011336
https://doi.org/10.23736/s1973-9087.18.05041-4
https://doi.org/10.1007/s11325-023-02933-x
https://doi.org/10.1002/14651858.CD004376.pub3
https://www.ncbi.nlm.nih.gov/pubmed/25569281
https://doi.org/10.1097/PHM.0000000000001450
https://www.ncbi.nlm.nih.gov/pubmed/32324615
https://doi.org/10.1002/14651858.CD005523.pub3
https://www.ncbi.nlm.nih.gov/pubmed/27007113
https://doi.org/10.1002/14651858.CD008322.pub2
https://doi.org/10.1002/art.10902

	Introduction 
	Materials and Methods 
	Results and Discussion 
	Sedentary Lifestyles and Chronic Pain 
	Physical Exercise as Analgesic Therapy 
	Physiology of Exercise-Mediated Analgesia 
	Effects of Physical Exercise on the Central Nervous System (Neurochemical) 
	Effect of Physical Exercise at the Hormonal Level (Immunomodulatory) 

	Prescription of Analgesic Physical Exercise 
	Type of Exercise 
	Exercise Intensity 
	Exercise Frequency 
	Timing and Duration of the Exercise 

	Pain Tolerance during Exercise 
	Exercises and Analgesia in Various Musculoskeletal Pathologies 
	Chronic Mechanical Low Back Pain 
	Chronic Cervical Pain 
	Fibromyalgia 
	Hip and Knee Osteoarthritis 


	Limitations of the Study 
	Conclusions 
	References

