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Stress and related diseases such as depression and anxiety are in-
creasing rapidly in the Western world. In 2011, WHO predicted that
depression would be the leading cause of disease burden globally in
2030 [1]. Stress reactions are detected all the way from early child-
hood, adolescents up to grown- ups and elderly. The reactions are
distributed across all socio-economic layers, but more common for
low and middle socioeconomic status [1].

The status in Denmark in 2018 was that 15.5% of all females and
10, 9 of all men had poor mental health. In 2011 The Danish board of
health documented that 23% of the girls and 17% of the boys, 11-15
years of age, failed to thrive [2].

In my physiotherapy praxis, I work with children and adolescents
age 6-18 that fail to thrive. They are normal children without any
psychiatric diagnose. They are referred to me with psychosomatic is-
sues such as poor sleep, muscle aches, headaches, bowel problems,
palpitations, tremors, and poor concentration. These symptoms could
be the same as we see regarding ADHD, but they don’t fall into that
category. | started working with these children six years ago, together
with a child psychologist. Our focus is looking at these children in a
bio-psyco-social perspective. The Child psychologist is focussing on
the psyco-social part, and I focus on the neuroscience behind stress
and failing to thrive.

Stress can be described in many ways. As a physiotherapist, [ have
looked into the neurobiological consequences. Stress is an activation
of the sympathetic nervous system over time. When life feels over-
whelming, the amygdala turns on the hypothalamus and the sympa-
thetic nervous system. The sympathetic nervous system releases both
adrenalin and nor-adrenalin. Slavich and Irwing [3] have pointed out
that loneliness, social exclusion, and social evaluation can activate the
sympathetic nervous system.
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Adrenalin is felt in the body at once - it makes your heart beat fast-
er, the breathing more shallow, may be you feel tingling in fingers or
face, your mouth gets dry and you may feel nausea. This is not a prob-
lem over a short period of time, but if it continues, nor-adrenalin will
affect the secretion of pro and anti-inflammatory cytokines [3] over
time stress will lead to chronic low-grade inflammation [4]. TGF-beta
1 is one of the cytokines that are released, I will return to TGF beta 1
later in this thesis, because of the link to the connective tissue.

Furthermore, the adrenals release cortisol. Cortisol is not danger-
ous over a short period of time, but sustained cortisol release will
affect the hippocampus area in the brain. The consequences are so
severe that center on the developing child, calls it toxic brain [5]. Un-
controllable stress has been recognized to influence the hippocampus
at various levels, structurally, human and animal studies have shown
that stress changes neuronal morphology, suppresses neuronal prolif-
eration, and reduces hippocampal volume [6].

Furthermore sympathetic activation over time will reduce the
blood supply to the frontal lobes and the bowel. The hippocampal at-
rophy and the reduced blood flow to the frontal lobes can explain the
changes in emotional regulation, concentration, and executive func-
tions. The sympathetic nervous system affecting blood flow to the
bowel can also be part of the explanation regarding bowel problems
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As a physiotherapist, I also hear a lot about headaches and mus-
cular skeletal pain. Some of this can be explained by the startle re-
sponse. In 2017 Dr. Alfven [8] published research regarding the star-
tle response in children with chronic stress-induced recurrent muscle
pain (He concluded that).

For the first time in children with recurrent psychosomatic pain,
increased resting activity, and potentiated startle response were
demonstrated in the muscles involved in the stress tender point pat-
tern [8]. The tender points in the muscles responsible for the startle
reaction could explain headache and other musculoskeletal problems.
The children and adolescents i see also tell me about feeling stiff in
the muscles - something many adults also describe when their sympa-
thetic nervous system is overloaded.

There is no evidence-based link between “Stress and feeling stiff”,
but a possible pathway could be looking into one of the cytokines that
are released - TGF Beta 1. Before describing the possible pathway,
it’s important to understand the physiology and function of the loose
connective tissue. The terminology regarding fascia and loose con-
nective tissue is still under debate and has been discussed in the last
12 years which is a very unsatisfactory situation. The Fascia research
Society tried to define fascia in 2015 [9].

The latest definition regarding fascia is from 2017; “The fascial
system consists of the three-dimensional continuum of soft collagen-
containing loose and dense fibrosis connective tissues that permeate
the body...” and “the fascial system surrounds interweaves between,
and interpenetrates all organs, muscles, bones and nerve fibres,
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endowing the body with a functional structure, and providing an en-
vironment that enables all body systems to operate in an integrated
matter” [10].

As Kumka expresses it “Fascia is an innervated continues organ
of stability and motion” [11]. The physiology of the loose connective
tissue is very well described in “Fascial Dysfunction, the Manuel ap-
proaches” [10]. One of the important roles of the loose connective
tissue is that it allows movement such as sliding, gliding function be-
tween adjacent structures.

The loose connective tissue is built by Extracellular Matrix (ECM)
and cells. The cells are primarily fibroblast, collagen, and elastin. Al-
beiroti, et al., [12] describes; “Fibroblasts activated by cytokines or
growth factors differentiate into myofibroblasts that drive fibrosis by
depositing ECM molecules, such as collagen, fibronectin and con-
nective tissue growth factor. Transforming Growth Factor- (TGF-Be-
ta) is one of the major profibrotic cytokines which promotes fibrosis
by signaling abnormal ECM regulation. Hyaluronan (HA) is a major
ECM glycosaminoglycan that is regulated by TGF- beta and whose
role in fibrosis is emerging.” Furthermore, Albeiroti, et al., describes
that “Aside from its role as a hydrating, space-filling polymer, HA
regulates different cellular functions and is known to have a role in
wound healing and inflammation” [12].

Dr. Stecco and Dr. Raghavan [13] have also described the role
of Hyaluronan regarding movement. They have found that inactiv-
ity makes Hyaluronan aggregate. The consequence is that the loose
connective tissue will act like glue instead of oil, making adjacent
structures stick to each other - all the way up to densification.

Furthermore, the fibroblast will turn into a myofibroblast and have
a contractile force in the fascia - when affected by the sympathetic
nervous system [14, 15]. Back to my children and adolescents that are
feeling stiff. As described, stress will lead to a chronic low grade of
inflammation and secretion of TGF beta 1.[3,4] TGF beta 1 is one of
the main drivers of fibrosis [12], changing the viscoelastic properties
of hyaluronan in the extracellular matrix - making adjacent structures
stick together [13]. The possible pathway from stress and negative
emotions to fibrosis could look like this. This figure 1 shows how
the pathway could be. When a person’s sympathetic nervous system
is activated over a period of time, science shows that cytokines are
released [3,4]. One of the cytokines that are released is TGF Beta 1.
We also know that TGF Beta 1 is one of the key factors in fibrosis
[10,12,13]. Combining these facts, that stress/an overactive sympa-
thetic nervous system over time and TGF Beta 1 as a key-player in
fibrosis, could lead to a conclusion that there is a biomechanical con-
nection between stress and fibrosis.

The conclusion could be that there is a biomechanical connection
between stress/and overactive sympathetic nervous system over time
and fibrosis. The connection could be the cytokine TGF Beta 1, that
are released by the sympathetic nervous system and also plays a key
role I fibrosis.

The perspective in this hypothesis is that when you are feeling
stiff, maybe you should start by looking at how you are feeling; is
your sympathetic nervous system driving too hard? Do you have trou-
ble sleeping, do you get infections more often, and do you have bow-
el problems, problems concentrating, palpitations, shallow breathing,
tickling, nausea or tunnel vision.
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Figure 1: The possible pathway from stress to fibrosis.

Another interesting observation regarding the loose connective
tissue is that it contains a lot of interoceptors [14,15]. Interoceptors
are part of our sensory system that gives us the opportunity to feel
our selves. Many of my patients tell me “It’s like I can’t feel my-
self anymore” - maybe there is a connection between aggregated,
stiff loose connective tissue and how it affects our interoception?

I have been asked do an RCT on this hypothesis - but how do you
randomize how your feelings affect you? I don’t know, because like
everything else in life - it’s individual.
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