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Abstract

Background The myofascial system plays a fundamental role in the mechanics of the body, in body tension regulation and
the etiology of pathological states like chronic pain. Moreover, it contains contractile elements and preliminary evidence
suggests that its properties are linked to psychological factors. The aim of the present research was to investigate character-
istics of the myofascial tissue in patients with Major Depressive Disorder (MDD) and to examine whether the state of the
myofascial tissue causally affects pathopsychological processes in MDD.

Methods In Study 1, stiffness and elasticity of the myofascial tissue of 40 inpatients suffering from MDD measured with a
tissue compliance meter were compared with those of 40 matched never-depressed participants. In Study 2, 69 MDD patients
were randomly assigned to single-session self-myofascial release intervention (SMRI) or a placebo intervention. Effects on
memory bias and affect were investigated.

Results Results showed that MDD patients displayed heightened stiffness and reduced elasticity of the myofascial tissue
and that patients in the SMRI group showed a reduced negative memory bias and more positive affect compared to patients
in the placebo condition.

Conclusions The preliminary results of our studies indicate that the myofascial tissue might be part of a dysfunctional body-

mind dynamic that maintains MDD.

Keywords Embodiment - Depression - Myofascial tissue - Memory bias

Introduction

Major depression disorder (MDD) is associated with signifi-
cant suffering and impairment for the depressed individu-
als and their families. Moreover, MDD leads to substantial
social costs (Konig et al., 2020). Given the high prevalence
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and its often recurring and chronic course it is important
to develop comprehensive models of factors affecting the
vulnerability and course of MDD. Up to now, psychologi-
cal models of MDD have particularly focused on cognitive
(e.g., rumination, negative cognitive style) and interpersonal
factors (e.g., conflicts, diminished social support) (Hankin
et al., 2018).

In addition to the well documented cognitive and inter-
personal factors, some recent studies have examined the
possible role of bodily processes as an etiology factor in
MDD. These studies were inspired by accumulating evi-
dence from basic research that motor displays affect emo-
tional processes. This close interplay between motoric and
emotional processes was, for example, documented in a
recent meta-analysis including over 70 studies on experi-
mental manipulations of motor displays in non-clinical par-
ticipants (Elkjeer et al., 2020). In these studies, participants
were made to adopt for example an upright or slumped pos-
ture or to walk in a depressed or non-depressed style. The
results of this meta-analysis have shown robust differences
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between contractive displays (e.g., slumped posture, sad gait
pattern) and expansive displays (e.g., upright posture) for
affective responses (e.g., power feeling and mood) and overt
behavioral responses (e.g., risk taking) across different con-
texts, types of manipulation, and methods of measurement.
Moreover, analyses of a subset of studies including a condi-
tion with neutral motor display indicate that the effects are
driven by the absence of contractive motor displays rather
than the presence of expansive displays.

Studies investigating the role of the motoric system
in MDD have shown that depression is associated with a
slumped posture, especially greater anterior head inclination
and thoracic kyphosis (e.g., Canales et al., 2010; Wilkes
et al., 2017) and gait pattern alternations (e.g., Michalak
et al., 2009). Moreover, first experimental studies have docu-
mented that changing motor displays have causal effects on
depression-related processes. Two studies have investigated
the effects of short motor manipulations on memory bias in
MDD. A biased memory is characterized by the tendency
of depressed individuals to recall more negative than posi-
tive information in memory task. Non-depressed individuals
show a bias in the positive direction, they tend to recall more
positive than negative information. A negative memory bias
is one of the most robust findings on cognitive processes in
MDD (Gotlib & Joormann, 2010) and empirical studies have
shown that a biased memory predicts the course of depres-
sion symptoms (Beeney & Arnett, 2008).

Michalak et al. (2014) showed that changing the sitting
posture of inpatients suffering from MDD had effects on this
biased recall of negative information. In this experiment par-
ticipants sat either in a slumped (depressed) or in an upright
(non-depressed) posture while imagining a visual scene of
themselves in connection with the presentation of positive or
depression-related words. After a distractor task an inciden-
tal recall test of these words was conducted. Patients sitting
in an upright position showed an unbiased recall of positive
and negative words while patients sitting in a slumped posi-
tion showed the biased recall of negative words typical for
depressed individuals.

Effects of motor manipulations on memory bias were also
investigated in a study by Michalak et al. (2018). Patients
suffering from MDD practiced either an upward-opening Qi
Gong movement, which runs counter to the habitual slumped
and downward depressive movement style, or a downward-
closing Qi Gong movement. Again, an incidental recall of
the cue words was conducted. Results showed that patients
in the upward-opening movement condition in contrast to
the downward-closing movement condition showed a more
positively biased recall of affective words (i.e., they recalled
more positive than negative words). Moreover, in this study
effects of movements on overgeneral autobiographical
memories were investigated. When depressed individuals
are asked to remember events that refer to a particular time

and place they often respond with overgeneral memories,
referring to a whole class of events, or with references to
semantically related content that does not include any auto-
biographical memory. An overgeneral memory is a stable
cognitive characteristic of depressed individuals (see Wil-
liams et al., 2007 for a review). In the study of Michalak
et al. (2018) patients in the upward-opening movement
condition, in addition to a more positively biased memory,
showed a reduced tendency to report overgeneral autobio-
graphical memories.

The findings of these studies show that, comparable to
the broad evidence base for the impact of manipulations of
motor displays on emotional processes in non-clinical sam-
ples (Elkjer et al., 2020), motoric manipulations can also
affect emotional processes in depressed individuals. Cor-
respondingly, they support theoretical accounts that stress
the relevance of the body in depression. Specifically, the
Interacting Cognitive Subsystems approach (Teasdale &
Barnard, 1993) proposes that proprioceptive and kinesthetic
input from the body makes a direct and important contribu-
tion to emotional information processing in MDD. Accord-
ing to this theory, a depressive interlock configuration of
bodily and cognitive feedback loops can become established
that ‘locks’ subsystems into a self-perpetuating configura-
tion that maintains depression. Self-perpetuating means that
depressive cognitions lead to negative body displays (e.g.,
slumped posture, sad gait pattern) and in turn the negative
body displays increase the tendency to think in a negative
and depressive way, which leads to a vicious circle deepen-
ing the depressive states.

However, studies in basic as well as clinical research to
date have only investigated the effects of short manipulations
of motor displays. In our present research we investigated
an important bodily system that plays a fundamental role
in the mechanics of the body, in body tension regulation
and the etiology of pathological states like chronic pain—
the myofascial system. It builds a three-dimensional con-
tinuum of soft, loose and dense fibrous connective tissue
containing collagen that permeates the body and enables
all body systems to operate in an integrated manner. Clas-
sically it was proposed that the fascia tissue has merely a
passive role in force transmission within the body. However,
more recent research has shown that fascial tissue contains
contractile elements enabling it to play a modulating role
in force generation and also mechanosensory fine-tuning
(Schleip & Klingler, 2019). Fascial stiffness and elasticity
can be regulated within different time frames ranging from
minutes to days and months. It is influenced by biochemical
as well as biomechanical processes. The contractile activity
of the fascial cells is biochemically influenced by the expres-
sion of various cytokines within the non-fibrous component
of the extracellular matrix, also referred to as ground sub-
stance. For one of the cytokines involved in the transmission,
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TGEF-P1, a clear influence of the autonomous nervous sys-
tem on its activity has been documented (Bhowmick et al.,
2009; Liao et al., 2014). Stress-related dysregulations of the
autonomous nervous system (Alvares et al., 2016) and dys-
functions of the immune system, including elevated TGF-p1
levels (Davami et al., 2016; Lee & Kim, 2010), are features
of MDD. Therefore, we expect that by these dysfunctions of
the autonomous nervous and the immune system in individu-
als with MDD (e.g., elevated TGF-f1 levels with effects on
contractile activity of the fascial cells), characteristics of
the myofascial tissue like heightened stiffness and reduced
elasticity should result in individuals with MDD.
Moreover, in addition to this biochemical pathway we
postulate a biomechanical pathway resulting in dysfunc-
tional characteristics of the myofascial tissue in MDD.
Individuals suffering from MDD often show greater ante-
rior head inclination and thoracic kyphosis (Canales et al.,
2010) and a slumped posture (Adolph et al, 2021; Michalak
et al., 2009). In congruence with the well described flexion-
relaxation phenomenon such postural changes tend to be
associated with an enhanced mechanical loading of passive
connective tissues on the posterior side of the trunk (Colloca
& Hinrichs, 2005). Based on this mechanism, we expect that
individuals suffering from MDD should show heightened
stiffness and reduced elasticity of the myofascial tissue in
the neck and upper back region. Moreover, since tightening
the posterior neck and upper back has been described as
a protective biological response to danger/stress (Bullock,
1984), the chronic stress associated with MDD might lead
to a heightened stiffness and reduced elasticity especially in
these regions of the body. To test the postulated dysfunc-
tional characteristics of the myofascial tissue in MDD, in
Study 1 we compared stiffness and elasticity of the myofas-
cial tissue in the neck and upper back region of patients suf-
fering from MDD with non-depressed control participants.
Moreover, we assumed that heightened stiffness and
decreased elasticity of the myofascial tissue in the neck
and upper back region might be part of depressive interlock
configuration as the Interacting Cognitive Subsystem frame-
work (Teasdale & Barnard, 1993) postulates. If heightened
stiffness and decreased elasticity of the myofascial tissue
becomes chronic it might be part of the proprioceptive input
from the body that constantly makes negative and depres-
sogenic cognitive and emotional process more accessible
and therefore contributes to the dynamics of establishing
self-perpetuating body-mind configurations that maintain
depression. Therefore, in Study 2 we were interested in
the possible causal contribution of the myofascial tissue to
depressive processes and investigated the effects of a single-
session self-myofascial release intervention on affect and
negative memory bias in patients suffering from MDD.
Negative affect and the biased recall of negative informa-
tion are both key maintaining factors in cognitive models of
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MDD (e.g., Gotlib & Joormann, 2010; Rehm & Naus, 1990)
and empirical studies have shown that negative emotionality
(Wilson et al., 2014) and biased memory predict the course
of depression symptoms (Beeney & Arnett, 2008; LeMoult
et al., 2017; LeMoult et al., 2017; Rude et al., 2002).

Study 1
Methods
Participants

Participants were 40 psychiatric inpatients and 40 never-
depressed control participants matched for age, sex and
body-mass-index (BMI). The inpatients were recruited
from two adult psychiatric units. Depressed patients were
included in the study if they met the criteria of the Diagnos-
tic and Statistical Manual of Mental Disorder (4th TR edi-
tion; DSM-IV-TR; American Psychiatric Association, 2000)
for a primary diagnosis of current MDD and had a score of
14 or more on the Beck Depression Inventory. Exclusion cri-
teria were as follows: psychotic disorders, bipolar disorders,
current substance-related disorders, diseases of the muscu-
loskeletal system and back pain. Diagnoses were derived
by trained raters with the German version of the Structured
Clinical Interview for DSM-IV (Wittchen et al., 1997).

The control participants were recruited by means of pub-
lic notices. They were included in the control group if they
had no current or lifetime MDD diagnosis. Exclusion criteria
were derived with the SCID. Moreover, participants with
diseases of the musculoskeletal system or back pain were
excluded.

In both groups 25 participants were female and 15 male.
All participants lived in Germany. The groups did not dif-
fer significantly in age (depressed patients: M =35.15,
SD =12.43, never-depressed: M=31.50, SD=10.53) or BMI
(depressed patients: M =24.31, SD=3.07, never-depressed:
M=23.35,5D=3.01) (all ps>0.15). Depressed patients had
significantly higher BDI-II scores than never-depressed con-
trol participants (depressed patients: M =30.40, SD=7.73,
never-depressed: M =2.72, SD =3.35; ¢[78]=20.79,
p<0.001).

Twenty-five out of 40 depressed patients had comorbid
diagnoses (most of them anxiety disorders). Thirty-nine
depressed patients were receiving antidepressant medication,
most of them Serotonin-Reuptake Inhibitors or Serotonin-
Noradrenalin-Reuptake Inhibitors.

Beck Depression Inventory

The Beck Depression Inventory (BDI-II; Beck et al., 1996,
German version by Hautzinger et al., 2006) is a widely used
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21-item self-report measure covering affective, cognitive,
motivational, behavioral and biological symptoms of depres-
sion with good psychometric properties.

Measurement of Myofascial Tissue

We measured the stiffness and elasticity of the myofascial
tissue in the neck and upper back region of our participants
with an electronic tissue compliance meter (ETCM). This
tool was custom-built (Chemnitz University of Technology,
Chemnitz, Germany) as a new and improved version of the
semi-electronic tissue compliance meter described by Wilke
et al. (2018) as a valid and reliable measurement tool to evalu-
ate muscle stiffness. The latter study reported an intraclass
correlation coefficient for test—retest reliability of 0.84 for the
ETCM, indicating an excellent reliability.

In contrast to the semi-electronic tissue compliance meter,
the ETCM incorporates an electronic registration of the meas-
ured force and strain values, permitting a resolution of 0.001
Newton and 0.01 mm as the smallest differences (compared
with 0.1 Newton and 0.1 mm in the semi-electronic tissue
compliance meter). Successful applications of the ECTM in
scientific in vivo investigations in humans include a recent
comparative assessment of the stiffness of the plantar fascia
and heel pad (Holowka et al., 2019) and a recent evaluation of
the stiffness of three different back muscles (Kett et al., 2020).
For a more detailed technical description of the ETCM see
Kett et al. (2020).

For the ETCM measurements in this study a fixed inden-
tation depth of 8 mm was chosen. Three assessments were
conducted at each location within a period of 30 s in which
the center piece of the tool indented the tissue up to a depth
of 8 mm and the maximum tissue resistance was measured
in N at each indentation. The maximum resistance at the first
indentation divided by the indentation depth (8§ mm) was used
as the stiffness value of this location, whereas the difference
in resistance between the first and last indentation was used
as an indicator of the tissue elasticity (reverse of viscolestic
relaxation) (Ritsep et al., 2011). A difference of 0% would be
interpreted as maximum elasticity (100%), whereas a differ-
ence of 100% between the first and last indentation would be
interpreted as minimum elasticity. The location of the exact
measurement point on the upper trapezius muscle was deter-
mineed according to Heizelmann et al. (2017). In addition, a
location 2 cm below the inferior edge of the scapula on the
thoracic back was used as an additional measurement site. All
ETCM measurements were conducted at four locations: right
trapezius, left trapezius, right thoracic back, left thoracic back.
For the stiffness values as well as for elasticity, the mean of all
four locations was used as a final value for each patient.

Results

Descriptive statistics for elasticity and stiffness of the myo-
fascial tissue in the depressed and never-depressed group can
be found in Table 1. The correlation between stiffness and
elasticity was r=0.66 (p <0.001) in the depressed group and
r=0.67 (p<0.001) in the never-depressed group.

To test for group differences we conducted a multivari-
ate analysis of variance (MANOVA) across the two groups
(depressed vs. non-depressed) with elasticity and stiffness
of the myofascial tissue as the two dependent variables.
There was a significant multivariate effect of group (Wilks’s
Lambda=0.88), F(2, 77)=5.13, p<0.01, nzp =0.12,
90% CI (0.02—0.22) which was reflected in significant
univariate group effects for elasticity (F[1,78]=28.47,
p<0.01, nzp:O.IO, 90% CI [0.02—0.21]) and stiffness
(F[1,78]1=8.73, p<0.01, nzp =0.10, 90% CI [0.02—0.21]).
To test whether the small group differences in age and
BMI that we descriptively observed might have affected
our results, we conducted a multivariate analysis of covari-
ance (MANCOVA) with age and BMI as covariates. In this
MANCOVA the significant difference between the depressed
and non-depressed group remained intact (for details see
supplement).

The correlation between depression severity (BDI-II-
scores) and stiffness was r=0.32, p <0.01, between depres-
sion severity and elasticity was r=0.32, p<0.01.

Discussion

As expected patients with MDD and never-depressed con-
trol participants differed in the characteristics of the myofas-
cial tissue. Depressed patients showed higher stiffness and
reduced elasticity of the myofascial tissue. Since fascial tis-
sue is involved in the modulation of force generation and also
mechanosensory fine-tuning, long-term dysfunction in this
tissue represented by stiffness and reduced elasticity might
lead to chronically intensified body tension and reduced sup-
pleness of the motoric system. This might be one of the
reasons why depressed gait is characterized by reduced arm
swing, a reduced vertical up-and-down dynamic (Michalak
et al., 2009) and why depressed individuals show a slumped

Table 1 Descriptive statistics (Study 1)

Depressed patients  Never-depressed

(n=40) control participants
(n=40)
Stiffness: M (SD) 2.55 (1.02) 1.96 (0.82)
Elasticity: M (SD) 0.56 (0.42) 0.33 (0.25)
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posture (Canales et al., 2010; Wilkes et al., 2017). Height-
ened body tension, depressed gait patterns and posture might
then feedback into the psychological system and make nega-
tive cognitions and emotional states more accessible.

It should be noted that we measured characteristics
of the myofascial tissue only in the upper back and neck
region. It is unclear how dysfunctions in these regions are
interconnected with the myofascial tissue of other body
regions and how stiffness and reduced elasticity in the
back and neck influence posture or more complex motor
activity like gait in depressed individuals. Therefore,
future studies should supplement the present findings by
measuring characteristics of the myofascial tissue in other
body regions and should also investigate effects of stiffness
and reduced elasticity on posture and motoric activity of
depressed individuals. Moreover, since the method used
in our study focused on measuring stiffness and elasticity
future research should use other methods like sonogra-
phy and sonoelastography that permit a more fine-grained
analysis of the characteristics of the fascia tissue (e.g.,
Langevin et al., 2009, Stecco et al., 2014). It is possible
that such additional analyses may then be able to clarify
more specifically to what degree the different tissue lay-
ers—including the dermis, subcutaneous connective tis-
sue, Fascia profunda, and muscular layer—contribute to
the increased stiffness and decreased elasticity observed in
this study. Such contributions may involve—among other
aspects—a change in the thickness, stiffness, regularity
or in the shearing mobility of one or several tissue lay-
ers (Blain et al., 2019; De Coninck et al, 2018; Langevin
etal., 2011).

Another issue that should be addressed in future research
is the question whether the stiffness and reduced elastic-
ity we observed is attributable to the slumped posture of
depressed individuals (biomechanical explanation) or to a
biochemical process in the myofascial tissues. This research
should also utilize alternative methods to assess characteris-
tics of the myofascial tissue (Schleip & Bartsch, 2021; Ziigel
et al., 2018). A future study using matched pair group of
individuals with a slumped or forward head posture (e.g.,
people working in jobs with prolonged sitting) but without
a diagnosis of MDD might also be useful for differentiating
between a biomechanical and a biochemical causation of
stiffness and reduced flexibility. Moreover, the role of medi-
cation and comorbid anxiety disorders should be addressed.
Since many patients in our study were under medication and
had comorbid anxiety disorders, future studies might include
samples without medication and comorbid anxiety disorders.

To elucidate the possibility that the myofascial tissue is
involved in a depressive interlock configuration that makes
negative and depressogenic cognitive and emotional pro-
cesses more accessible we conducted a second study involv-
ing an intervention targeting the myofascial tissue. Patients
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with MDD were randomized either to this intervention or to
a placebo control condition and effects of the intervention on
psychological factors involved in the maintenance of depres-
sion were investigated.

Study 2
Methods
Participants and Overview of Procedure

Sixty-nine psychiatric inpatients suffering from MDD
were randomized either to a single-session self-myofascial
release intervention (SMRI) (n=38) or a placebo interven-
tion (PI) (n=31). We had aimed to collect data from 40
patients in each group. However, as a result of an early
end to testing due to the Covid-19 pandemic the actual
sample size was smaller. Post-hoc power analysis for a
MANOVA with two groups and two response variables
revealed that the actual samples size of the present study
was large enough to detect an effect of at least medium
effect size with Type I error rates set at 0.05 (two sided)
and Type II error rates set at 0.80.

Patients were recruited from adult psychiatric units.
Inclusion and exclusion criteria were the same as for the
depressed sample in Study 1. Inclusion criteria: current
major depressive episode as defined by the DSM-IV-TR
and a score of 14 or more on the BDI-II (Beck et al., 1996;
German version: Hautzinger et al., 2006). Exclusion cri-
teria: psychotic disorders, bipolar disorders, current sub-
stance-related disorders, diseases of the musculoskeletal
system and back pain. Inclusion and exclusion diagnoses
were derived by trained raters with the German version of
the Structured Clinical Interview for DSM-IV (Wittchen
et al., 1997). Most patients (68%) had comorbid diagnoses
(most of them anxiety disorders) and the majority (80%)
were receiving treatment with antidepressant medication.

The SMRI group and the PI group did not differ in
sex (SMR group: 19 female, 18 male, 1 non-binary;
placebo group: 20 female, 11 male), age (SMR group:
M=37.89, SD=13.74, placebo group: M =35.55,
SD=11.17), BMI (SMR group: M =26.32, SD=5.81, pla-
cebo group: M =24.74, SD=2.82) or BDI scores (SMR
group: M=28.13, SD=12.05, placebo group: M =26.35,
SD=7.04) (all ps >0.15). All patients lived in Germany.

Participants completed the SMRI or PI in three phases:
(1) They began the first phase by watching a short instruc-
tion video for the SMR or PI neck and back exercises. (2)
In the second phase, while lying on a gymnastics mat,
participants practiced the neck and back exercises for 30 s
each using a foam roller while listening to the same audio
instructions that had accompanied the video in the first
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phase. (3) After the training round, participants began
the third phase in which the exercises were executed indi-
vidually without audio instructions. Neck as well as back
exercises were performed twice for 60 s each (i.e. 2X 60 s
SMRI or placebo neck exercise and 2 X 60 s SMRI or pla-
cebo back exercise). The order of neck and back exercises
was randomized across participants. Between rounds,
participants rested for 90 s (lying on the mat). During
the resting phase, participants were directed to relax and
were given the positive and negative words of the self-
referential encoding task (see below). Finally, after the last
exercise round the Positive and Negative Affect Schedule
(PANAS) was administered. To prevent changes of posture
from interfering with the after-effects of the exercises, par-
ticipant continued to lie on the mat and PANAS instruc-
tions were given by video. The experimenter recorded
participants’ verbal PANAS response.

Self-myofascial Release Intervention (SMRI)

Various methods to affect myofascial tissues have been
developed, most of them are applied by physiotherapists
(e.g., Ajimsha, 2011; Barnes, 1997). One method that can
by applied independently of a therapist and individually by
the patient is the use of a foam roller, which typically con-
sists of a semi-rigid foam material. The foam roller makes it
possible for the tissue to be rolled out using one’s own body
weight. Through the rolling, the stiffness in myofascial tis-
sues can be lowered (Kett et al., 2020) and in addition the
sliding ability between adjacent fascial tissue layers can be
increased (Griefahn et al., 2017; Krause et al., 2019). In
addition, a dehydration and subsequent rehydration in the
treated tissues during foam rolling has been proposed (Behm
& Wilke, 2019). Moreover, Golgi receptors in the facia are
stimulated imparting an inhibitory reflex that reduces muscle
tone (Roylance et al., 2013). A randomized controlled trial
has shown that a single SMRI session with a foam roller
has short-term impact on the mobility of the fascia tissue. It
improved the mobility of the thoracolumbar fascia (Griefahn
et al., 2017).

Because Study 1 has shown that the myofascial tissue of
the neck and upper back show reduced elasticity and higher
stiffness in depressed patients we applied the SMRI with a
foam roller to these body regions. The instruction videos
were developed in accordance with the instruction manual
for self-myofascial release intervention by Lukas (2012).
During both SMRIs, participants were asked to lie on the
mat. In the neck SMRI they were instructed to first rest their
neck on the foam roller and then to roll their head slowly
from right to left and back again continuously at an even
pace for the duration of the exercise (see Fig. 1a). During
the upper back SMRI, the participants were instructed to
rest their back on the foam roller and slowly move the roller

(a)

(b)

Fig. 1 Self-myofascial release intervention for neck (a) and upper
back (b)

between their shoulders and the middle of their back evenly
for the duration of the exercise (see Fig. 1b).

Because the exercises might induce pain, we instructed
participants to allow discomfort, but to manage the level of
pain so that it does not exceed 8 on a scale from 1 (slight
tension, no pain) to 10 (extremely high tension, distressing
pain). A rating of 8 was defined as very high tension that is
bearable, slightly positive but tending to be uncomfortable;
the participant can still talk to other people normally and has
no physical, mental or emotional resistance to the tension.

Placebo Intervention

Because SMRI is only effective through rolling out of the
tissue but not just by pressure (MacDonald et al., 2013;
Thommes, 2014) we used a placebo intervention (PI) for
both the neck and back without rolling movements. This
placebo intervention was parallel to the SMRI in all aspects
including the kind of instructions, exercise length, materi-
als used, and the body position during the exercise. Partici-
pants in the PI used the same foam roller and mat during
all exercises as participants of the SMRI. During both PIs,
participants were asked to lie on the mat. In the neck PI they
were instructed to first rest their neck on the foam roller and
then to lift their head slowly and lower it back onto the roll
continuously at an even pace for the duration of the exercise
(see Fig. 2a). During the upper back PI, the participants were
instructed to rest their back on the foam roller and slowly
lift their torso from the mat and lower it again evenly for the
duration of the exercise (see Fig. 2b). The instruction for
managing discomfort and pain were identical to that given
in the SMRI condition.
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(b)

Fig.2 Placebo intervention for neck (a) and upper back (b)

Measures
Assessment of Memory Bias

To assess effects of the interventions on memory bias we
adapted the self-referent encoding task (Ramel et al., 2007).
In an initial encoding phase, participants, while resting in on
the mat between the SMRI or PI exercise rounds, were pre-
sented a list of 10 positive and 10 negative words in random
order by audio tape (negative words: bad, sorry, ugly, hurt,
clumsy, helpless, angry, hopeless, guilty, lonely; positive
words: pretty, secure, satisfied, proud, enthusiastic, happy,
successful, relieved, interested, hopeful; words were taken
from Williams & Broadbent, 1986). Directly after hearing
each word, they were asked to respond out loud by saying
either “yes” or “no” based on whether or not each word
described them well. The participants were given 6 s for this
response before the next word was presented. This phase was
used to induce a self-referent encoding of the cue words.

Following all SMRI or PI exercises and after the par-
ticipants completed the PANAS, an incidental recall of the
cue words was conducted. Participants were asked (written
instruction on the monitor) to recall out loud all words from
the list of cue words they could remember and all answers
were recorded by the experimenter. The number of positive
and negative words correctly recalled was used as an indica-
tor of biased memory in our analyses.

Positive and Negative Affect Schedule
To measure affect we used the Positive and Negative Affect
Schedule (PANAS) state version (Watson et al., 1988; Ger-

man version Krohne et al., 1996). It consists of two scales,
one for positive and one for negative affect, each consisting
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of 10 adjectives with regard to which respondents rate their
current mood on a Likert-type scale. It is a reliable (Cron-
bach’s a in the present study: PANAS positive scale: 86;
PANAS negative scale: 81) and valid instrument to measure
positive and negative affect.

Rating on Credibility of the Interventions

To assess the credibility of the SMRI and PI interventions
we asked our participants after completion of the interven-
tion: “At this point, how logical does the fascial intervention
seem to you?”. The patients scored this item on a scale from
1 (not at all logical) to 9 (very logical).

Pain Rating

In addition to the scale that patients used to constantly moni-
tor their pain level during the intervention (described above),
we asked patients after completion of the intervention to rate
retrospectively the level of pain provoked by the interven-
tion on a scale ranging from 1="‘no pain at all” to 9 “very
much pain”.

Results
Descriptive Statistics

Descriptive statistics as well as intercorrelations of affective
variables can be found in Table 2. Most correlations are in
the expected direction. Positive affective variables tend to
correlate positively with other positive affective variables
and negatively with negative affective variables. With only
a few exceptions correlations tend to be in a low or medium
range.

We checked whether SMRI and PI differed in credibility
or levels of pain induced by the intervention. Credibility
ratings did not differ between conditions (SMRI condition
M=6.18, SD=1.78; PI condition: M=5.71, SD=2.22;
1[67]=— 0.98, ns). However, pain levels were higher dur-
ing the SMRI than during PI (SMRI condition M =4.29,
SD=2.17; PI condition: M=2.90, SD=1.66; t[67] =2.98,
p<0.01, g=0.79, 95% CI[0.22-1.20]).

Effects of the SMRI on Biased Memory

To test whether SMRI and PI affected biased memory of the
depressed patients differently, we conducted a MANOVA
across the two groups (SMRI vs. PI) with the number of
positive and the number of negative word recalled in the
self-reference encoding tasks as the two dependent variables.
There was a significant multivariate effect of group (Wilks’s
Lambda=0.86), F(2, 66)=5.28, p<0.01, n2p=0.14, 90% CI
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Table 2 Descriptive statistics and intercorrelations of variables (Study 2)
Variables Self-myofascial release intervention (n=38) Placebo intervention (n=30)
M SD 1 2 3 4 M SD 1 2 3 4
SRET positive words 3.63 3.16 2.35 2.32
SRET negative words 1.55 145 —-0.08 2.87 242 —-0.07
PANAS positive 2.76 0.58  0.38* —0.32% 2.37 0.64  0.68*%** (.24
PANAS negative 1.78 0.62 —0.34* 0.30 — 0.50%* 1.90 0.59 -0.27 0.08 —0.27
BDI score 28.13 12.05 -0.24 0.10 —-0.28 0.14 2635 7.04 -—-043* 0.01 -040%* 0.39*%

SRET positive word =number of positive words recalled in the self-reference encoding task; SRET negative word =number of negative words
recalled in the self-reference encoding task; PANAS positive =positive affect in the Positive and Negative Affect Schedule; PANAS nega-
tive =negative affect in the Positive and Negative Affect Schedule; BDI score: Beck Depression Inventory total score

(0.02-0.25) which was reflected in a significant univariate
group effect for negative words (F[1,67]=7.86, p<0.01,
n2p=0.11, 90% CI [0.02—-0.23]) and a statistical trend for
positive words (F[1,67]=3.52, p<0.1, n2p= 0.05, 90%
CI [0.00-0.15]). Compared to depressed patients in the PI
condition, those in the SMRI recalled a smaller number of
negative words and showed a trend to recall more positive
words. To test whether difference in pain induced by the
intervention and credibility of interventions affected the
results, we used a MANCOVA controlling for level of pain
and for credibility. This MANCOVA revealed that control-
ling for pain and credibility did not change the pattern of
results (for details see Supplement).

Effects of the SMRI on Positive and Negative Affect

We also observed effects of the SMRI intervention on affect.
A MANOVA across the two groups (SMRI vs. PI) with the
PANAS positive affect and PANAS negative affect as the two
dependent variables showed a significant multivariate effect
of group (Wilks’s Lambda=0.91), F(2, 66)=3.47, p <0.05,
n2p=0.10, 90% CI (0.01-0.20) which was reflected in sig-
nificant univariate group effect for PANAS positive mood
(F[1,67]=6.99, p<0.01, nzp =0.09, 90% CI [0.01-0.21]).
No significant univariate group differences were observed
for PANAS negative affect (F[1,67]=0.68, ns, n°,=0.01,
90% CI[0.00 — 0.08]). Depressed patients in the SMRI had a
more positive mood than those in the PI condition. Control-
ling for level of pain and for credibility of the intervention
in a MANCOVA did not change this pattern of results (for
details see Supplement).

Discussion

The results of Study 2 showed that an intervention targeting
the myofascial tissue had effects on memory bias and affect
of depressed individuals. Patients in the SMRI recalled a

smaller number of negative words and had more positive
affect compared to patients in the placebo condition. The
mostly low or medium correlations between the outcome
variables of Study 2 indicate that the different measures
we used (i.e., memory bias, positive and negative affect,)
tap different affective dimensions. Therefore SMRI seems
to have effects on a relatively broad spectrum of affective
dimensions.

The differences between the SMRI and PI that we
observed cannot be attributed to the credibility of the inter-
vention since credibility was comparable in both conditions
and controlling for credibility in the MANCOVAs did not
change the results. Moreover, controlling for pain levels did
not change the results. This is a remarkable result because
the SMRI induced more pain than the PI but produced more
positive affective outcomes. That this effect is attributable to
the operation of opponent processes (i.e., affective/hedonic
contrasts induced by a negative stimulation, Solomon, 1980)
is rather unlikely since our results survived when control-
ling for pain levels in the MANCOVAs. Rather, these results
indicate that the effects of the SMRI on the myofascial tis-
sue are responsible for our results. Since other research has
shown that single-session SMRIs impacts the functional
characteristics of the fascia tissue (Griefahn et al., 2017) it
seems plausible that higher elasticity/reduced stiffness of the
fascial tissue induced by the SMRI might be responsible for
the effects on affect observed in our study. The effect might
be explained by the somato-sensory input associated with the
higher elasticity/reduced stiffness of the myofascial tissue
induced by the SMRI. Stiffness and reduced elasticity might
be biologically associated with states of heightened danger
and stress. If stiffness decreases and elasticity increases by
the SMRI, this might be a somato-sensory signal of reduced
danger and stress. This in turn might lead to a more posi-
tive emotional state and a more positive memory processing
leading to a de-escalation of the depressive mind—body inter-
lock configuration postulated by the Interacting Cognitive
Subsystems approach (Teasdale & Bernard, 1993).
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However, one limitation of our study was that the effect
of the SMRI on characteristics of the myofascial tissue (e.g.,
elasticity or stiffness) was not directly measured. We did not
include this measure to reduce time burden and stress for our
vulnerable participants. An augmenting influence of self-
myofascial release on passive as well as active joint range of
motion has been described (Skinner et al., 2020; Wilke et al.,
2020). In addition, a short term reduction in myofascial stiff-
ness has been documented as a response to a self-myofascial
treatment of human back muscles (Kett et al., 2020). The
latter study described a reduction in elastic modulus of the
upper trapezius (in addition to other paraspinal muscles)
in response to an 8-min foam roller self-massage in seden-
tary office workers. However, studies exploring foam roll-
ing applications on the upper leg reported either no change
(Pepper et al., 2021) or mixed results (Mayer et al., 2020)
in terms of stiffness changes in response to their specific
self-myofascial treatments. Our investigation followed the
application protocol as well as the assessment technology as
described by Kett et al. (2020) for the upper trapezius region
to a high degree. It could be expected that the biomechanical
tissue changes in this region reported in this study are very
similar to our study. Nevertheless, further research is neces-
sary to determine in which body regions and/or under what
circumstances self-myofascial release treatments induce a
change in the biomechanical tissue properties. Therefore,
future research on the effects of SMRI should consider
including the measures of the state of the myofascial tissue
to directly link changes in myofascial tissue to changes in
depressive processes.

Moreover, we cannot exclude that subtle difference
between the SMRI and the placebo condition might be
responsible for our results. We controlled for pain and cred-
ibility in our analyses. Furthermore, both SMRI and the
control intervention included physical activity. However, it
cannot completely be ruled out that subtle differences in
level of physical activity might have influenced our results.
Therefore futures studies should measure the physiological
activity level produced by the SMRI and control condition.
In addition, the role of the autonomous arousal stages on
the effects we observed should be investigated. A strong
mechanical stimulation of group II and III somatic affer-
ent fibers has been shown to induce a short-term sympa-
thetic activation, followed by a subsequent—and longer
lasting—augmentation of vagal nerve activation (Terui &
Koizumi, 1984). Future research with measures of auto-
nomic responses should elucidate whether this mechanisms
contributes to the effects of the SMRI on memory bias and
affect.

Moreover, it should be noted that a single-session SMRI
has only transient effects on fascial tissue. More enduring
changes of the structure of the fascial tissue that lead to
permanent heightened elasticity and reduced stiffness need
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more extensive training of up to 3 months (Bohm et al.,
2015; Miller et al., 2005). Therefore, future research should
investigate the effect of more extended SMRI on MMD.

A rather puzzling result was that the multivariate group
effect observed in memory bias was particularly driven by
group differences in the recall of negative words (and not
positive words), while the multivariate group effect in affect
was particularly driven by group differences in positive
affect (and not negative affect). This difference is difficult
to interpret and future research should investigate whether
more extensive SMRI might lead to effects that span both
positive and negative dimensions of memory bias and affect,
respectively.

Taken as a whole the results of Study 2 showed that a
self-administered intervention targeting the myofascial tis-
sue can lead to changes in processes relevant in the etiology
of MDD. The SMRI was relatively short and restricted to
one session. Nevertheless, even this short intervention pro-
duced effects in memory bias and affect of moderate effects
sizes.

General Discussion

The aim of our present research was to investigate whether
the myofascial tissue might contribute to the dynamics of
establishing self-perpetuating mind—body interlock configu-
rations that maintain depression. In Study 1 we observed that
patients suffering from MDD, compared to non-depressed
control participants, showed reduced elasticity and height-
ened stiffness of the myofascial tissue in the neck and upper
back. Moreover, results of Study 2 indicate that changes in
the myofascial tissue achieved by a SMRI can causally affect
important pathopsychological processes involved in the
maintenance of MDD. Therefore, the results of our present
research indicate that characteristics of the myofascial tissue
might be part of a depressive interlock configuration of bod-
ily and psychological processes (Teasdale & Barnard, 1993)
that ‘lock’ subsystems into a self-perpetuating configura-
tion that maintains depression. Stiff and inflexible myofas-
cial tissue seems to contribute to reduced positive affect and
heightened accessibility of negative memories which in turn
might increase stress that could further increase stiffness and
reduce elasticity of the tissue. While the latter part of these
body-mind vicious circles (effects of stress on character-
istics of the tissue) was not tested in the present research
our results support the notion that the myofascial tissue can
affect emotional processes. Thus, our results are consist-
ent with a large number of studies showing that bodily pro-
cesses like movement patterns and posture affect emotional
processes in non-clinical samples (Elkjer et al., 2020) and
emerging evidence that bodily processes might also be rel-
evant in the etiology of MDD (e.g., Michalak et al., 2014).
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Moreover, the results of the present research correspond
with phenomenological approaches to depression (Fuchs,
2013; Fuchs & Schlimme, 2009, Ratcliff, 2015). Phenom-
enological approaches stress that individuals suffering from
depression often report a sense of bodily rigidity. This rigid-
ity is manifested in bodily feelings like having a tire around
the chest, a sense of pressure in the head or a general sense
of tightness of the body. Instead of expressing the self, in
depression the body is thus turned into a barrier to impulses
directed to the environment. Through its rigidity, the body
no longer gives access to the world, but stands in the way
as an obstacle, separated from its surroundings. Phenom-
enological approaches posit that such an altered feeling of
“being-in-the-world” (separated instead of connected to
the world) is a core aspect of the phenomenon of depres-
sion. It can be speculated that the heightened stiffness and
reduced elasticity of the myofascial tissue we observed in
our research is a physiological correlate for the sense of
rigidity that is a core characteristic of the depressed feel-
ing of “being-in-the-world”. However, it should be noted
that although some authors postulate an important role of
the myofascial tissue in proprioception and body awareness
(e.g., Langevin, 2021), no study yet has directly examined
whether people can consciously detect the level of and
degree of change in tissue stiffness and elasticity.

Future research should extend the findings of the pre-
sent research by investigating a more fine-grained analysis
of the role of the myofascial tissue in MDD and other psy-
chological disorders. For example, it should be investigated
whether stiffness and reduced elasticity can be found only
in the neck and upper body region or whether the tissue
in other regions of the body also shows these characteris-
tics. Moreover, future research should investigate whether
dysfunctions of the myofascial tissue are specific to MDD
or whether they can also be observed in other psychologi-
cal disorders. In addition, the predictive utility of charac-
teristics of the myofascial tissue in longitudinal studies on
the course of depression should be examined. Furthermore,
investigating the association between characteristics of the
myofascial tissue and the subjective experience of the body
reported in phenomenological approaches and the analysis
of the interplay between characteristics of the myofascial
tissue and deviations in the motoric system of patients with
MDD (e.g., gait or posture, Michalak et al., 2009) might be
valuable lines of research. Moreover, future research should
elucidate the causes of the stiffness and reduced elasticity of
the myofascial tissue in MDD. Besides research on biologi-
cal factors that impact structure and function of the tissue
(e.g., generic factors, hormones) it could be promising to
examine the role of past experiences like critical life-events
or childhood adversities in the formation of a body memory
including stiff and inflexible myofascial tissue (Koch et al.,
2012). A limitation of our studies is that data on racial/ethnic

identification and socioeconomic status of the participants
was not collected.

In addition to the contribution of our results to a deep-
ened theoretical understanding of the etiology of MDD, they
might also shed light on new perspectives on the treatment
of this debilitating condition. Future research should inves-
tigate whether intervention affecting the myofascial tissue
might help to deescalate possible dysfunctional body—mind
vicious circles in MDD. They should investigate the effects
of a series of SMRI. It would be useful to include objective
outcome measures and the assessment of retention effects by
follow-up measures in these studies. In addition to SMRI, a
relatively broad spectrum of other interventions exists tar-
geting the myofascial tissue. Fascial interventions applied
by physiotherapists (e.g., Ajimsha, 2011; Barnes, 1997) are
widely used. However, their possible role as a component in
the treatment of MDD has not yet been studied. Moreover,
Asian approaches like Yoga or some Qi Gong systems aim
to improve elasticity of the fascial tissue by stretching or
specific movement practices. There is preliminary evidence
that Yoga as well as Qi Gong have effects in the treatment
of MDD (e.g., Cramer et al., 2013; Liu et al., 2015). An
advantage of SMRI, Yoga and Qi Gong is that they can
be used regularly on a self-administered basis. It could be
worthwhile to investigate the combination of these bodily
approaches with classical treatment approaches for MDD
(i.e., cognitive behavioral) in methodologically rigorous,
randomized controlled trials.

In summary, the present study offers evidence that myo-
fascial tissue might be involved in the etiology of depres-
sion and that it might be part of a dysfunctional body-mind
dynamic that maintains MDD. However, it should be noted
that we have broken new ground with our study and the
results should therefore be considered preliminary. Repli-
cation studies using more sophisticated methodology are
needed before firm conclusions can be drawn. Especially,
a replication of Study 1 testing whether the heightened
stiffness and reduced elasticity are specific to the neck and
shoulder region or can also be also found in other regions
and a replication of Study 2 that includes a direct measure-
ment of stiffness/elasticity are needed. While keeping these
limitations in mind, our hope is that our results might have
the potential to deepening our theoretical understanding of
MDD and might also inspire innovative approaches to the
treatment of MDD which take into account the probably
important role of bodily processes in the formation of this
debilitating condition.
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