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Editorial 

Is exercise therapy the first-line treatment for chronic pain? 

Chronic pain not only significantly reduces the quality of life of pa-
tients, but also imposes a heavy burden on society. Since the opioid crisis 
in North America is still fresh in our memories and warnings have been 
issued against the widespread and indiscriminate use of Gabapentinoid 
(Goodman and Brett, 2019), exercise therapy is attracting attention as 
an effective, inexpensive, and safe treatment. 

In 2017, in the first volume of Neurobiology of Pain, we proposed 
that chronic pain is a lifestyle-related disease and that chronic pain can 
be improved by changing inactive lifestyle habits (Senba and Kami, 
2017). Patients with chronic pain are more likely to have depression and 
sleep disturbances (Senba, 2015), and the brain reward system, i.e., 
DAergic projection from the ventral tegmental area (VTA) to the nucleus 
accumbens (NAc), is reduced, resulting in reduced function of NAc 
(Baliki et al., 2010). 

Many articles in this special issue focus on the relationship between 
exercise and the limbic brain functions. A line of evidence has been 
accumulated on the relationship between chronic pain and the brain 
reward system. For example, chronic pain resulted in decreased c-Fos 
expression in the VTA (Narita et al., 2003) and optogenetic activation of 
a VTA-NAc pathway significantly improves hyperalgesia in neuropathic 
pain (NPP) models (Tanaka et al., 2023). Exercise was shown to activate 
the DA neurons of the VTA (Greenwood et al., 2011), and selective 
suppression of these DA neurons failed to cause exercise-induced 
hypoalgesia (EIH), indicating that activation of VTA DA neurons is 
essential to initiate EIH (Wakaizumi et al., 2016). 

We showed that two weeks of voluntary exercise in NPP model mice 
suppressed pain behavior and activated DA neurons in the VTA (Kami 
et al., 2018), also showing that neurons in the laterodorsal tegmental 
nucleus in the midbrain and Orexin neurons in the lateral hypothalamus 
trigger the activation of VTA DA neurons. In addition to exercise, the 
activation of VTA DA neurons seems to be induced by enriched envi-
ronments and positive emotions (Tanaka et al., 2023). The limbic system 
includes amygdala (Amyg), medial prefrontal cortex (mPFC), ventral 
hippocampus, in addition to the brain reward system. The limbic system 
of chronic pain patients is dysfunctional, and exercise therapy and active 
lifestyle may reduce pain by normalizing the limbic function (Senba and 
Kami, 2023). 

In fact, patients with fibromyalgia (FM) were subjected to 3 weeks of 
exercise therapy, which resulted in an improvement in motor perfor-
mance, along with changes in the functional connectivity of each limbic 
regions (Kan et al., 2023). Moreover, chronic pain patients with an ex-
ercise habit showed significant less pain compared to those without an 
exercise habit, and brain MRI data identified three brain regions (thal-
amus, Amyg, mPFC) mediating the exercise effect on pain (Wakaizumi 
et al., 2023). Following 15-week exercise intervention, FM patients 

reported a reduction of pain intensity, FM severity and depression 
(Lӧfgren et al., 2023). A systematic review of intervention studies 
revealed the effect of exercise on brain function and pain perception/ 
quality of life in adults with either osteoarthritis (OA) or FM (Palmer 
et al., 2023). 

In addition to the brain mechanisms, the roles of immune system and 
autonomic nervous system in EIH were also emphasized in this special 
issue. Routine exercise was shown to be beneficial as an intervention to 
promote an anti-inflammatory immune profile which can subsequently 
reduce pain (Lesnak et al., 2023). Bossenger et al. (2023) examined the 
effects of acute isometric exercise on the autonomic nervous system in 
patients with knee OA or FM, and found that these patients exhibited 
reduced vagal tone and reduced autonomic modulation in response to 
exercise, which may contribute to impaired nociceptive processing and 
EIH in chronic pain patients. 

In conclusion, the improvement of the patient’s lifestyle by 
normalizing the function of the brain reward and limbic systems was 
shown as the main effect of exercise therapy, and other mechanisms that 
complement it were discussed from multiple perspectives. I am grateful 
to all the authors contributed to this special issue with their in-depth 
insights into the various aspects of pain. We hope that these discus-
sions will greatly contribute to the development of future research in this 
field, and that exercise therapy will play an increasingly important role 
in the treatment of chronic pain and associated disorders. 
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