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BF
BMI
CCR
DOMS Delayed onset muscle soreness; verzögert einsetzender 

Muskelschmerz
ES
GC
HRUS

hochauflösender Ultraschall (g 12 MHz)
LBP
LMM
LWS
MFR
PA
sEMG Surface electromyography; Oberflächenelektromyographie

TLF

TLFD
TLFM
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Studie Zielsetzung Studientyp Methoden

Associations between 
deformation of the thora-
columbar fascia and acti-
vation of the erector spi-
nae and multifidus mus-
cle in patients with acute 
low back pain and 
healthy controls: a 
matched pair case-con-
trol study.

Evaluation des Einflus-
ses der TLF auf die neu-
romotorische Steuerung 
des M. erector spinae 
und des M. multifidus.
Unterschiede zwischen 
Gesunden und Personen 
mit aLBP.

Matched-Pairs-Studie 
mit einer Gruppe aLBP 
Patient*innen (n=10) 
und einer Gruppe gesun-
der Proband*innen 
(n=10).

" HRUS-Messung der 
TLFD

" Elektromyographische 
Aktivität der Mm. 
erector spinae und 
multifidi

" Kreuzkorrelationsana-
lyse der Messkurven

" Granger-Kausalitäts-
prüfung der Messkur-
ven 

Immediate effects of my-
ofascial release treatment 
on lumbar microcircula-
tion: a randomized, pla-
cebo-controlled trial.

Evaluation der Änderun-
gen der Mikrozirkulation 
im myofaszialen Gewebe 
durch eine MFR.
Untersuchung des Ein-
flusses körperlicher Akti-
vität auf die Morpholo-
gie der TLF.

Randomisierte placebo-
kontrollierte verblindete 
Studie mit 30 gesunden 
Proband*innen, die in 
eine Interventions- und 
eine Placebogruppe auf-
geteilt wurden.

" Laser-Doppler-Spekt-
rometrie der myofaszi-
alen lumbalen kapillar-
venösen Mikrozirkula-
tion

" Assessment der TLF 
anhand morphologi-
scher Aspekte und de-
ren Einfluss auf die 
Mikrozirkulation

" Intervention an der 
TLF und deren Ein-
fluss auf die Mikrozir-
kulation

Effects of maximal ec-
centric trunk extensor 
exercise on lumbar
extramuscular connec-
tive tissue: a matched-
pairs ultrasound study

Einfluss maximaler 
Rumpfextensionsübun-
gen auf das lumbale ext-
ramuskuläre Bindege-
webe.

Matched-Pairs-Studie 
mit einer Gruppe trai-
nierter (n=8) und einer 
Gruppe untrainierter Pro-
band*innen (n=8).

" HRUS-Messung der 
TLF-Dicke

" Stiffnessmessung des 
ES

" Palpationsschmerz-
messung (VAS)

" Thermografie des lum-
balen Gewebes



Thoracolumbar fascia 
deformation during 
deadlifting and trunk ex-
tension in individuals 
with and without back 
pain.

Untersuchung des Ein-
flusses der TLF auf die 
Performance beim 
Kreuzheben.
Unterschiede zwischen 
Athlet*innen, Untrainier-
ten und Personen mit 
aLBP.

Fall-Kontrollstudie mit 
einer Fallgruppe (16 
Leichtathlet*innen auf 
nationalem Topniveau) 
und zwei Kontrollgrup-
pen (16 aLBP Teilneh-
mende und 16 untrai-
nierte Gesunde).

" 3D-Gyroskop/Ge-
schwindigkeitsmes-
sung

" HRUS-Messung der 
TLFD und Dicke des 
M. erector spinae
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Publikation/Forschungsfrage Ergebnisse

Publikation 1
Frage 1: Existiert ein neuromotorischer Einfluss der 

TLF auf den ES und den LMM bei Gesun-
den und Proband*innen mit aLBP? 

" Die sEMG-Aktivität des ES wurde zu 82 % gran-
ger-kausal bei aLBP-Patient*innen durch die 
TLFD vorhergesagt, wohingegen ein solcher Zu-
sammenhang bei Gesunden nicht vorhanden war. 
Hier zeigte die GC im Falle von aLBP einen signi-
fikanten Effekt der TLFD auf die Muskelaktivität. 
Umgekehrt bestand kein signifikanter Effekt der 
Muskelaktivität auf die TLFD.

" Die Ergebnisse deuten darauf hin, dass bei aLBP 
die sEMG-Aktivität des ES signifikant von der 
TLF beeinflusst wird, während diese Beziehung 
bei gesunden Proband*innen, die mit CCR- und 
GC-Vergleichen des dynamischen HRUS- und der 
sEMG-Zeitreihen untersucht wurden, zufällig war.

" Faszienbedingte Störungen der neuromotorischen 
Kontrolle, insbesondere aufgrund veränderter 
Muskelspindelfunktionen, werden als möglicher 
Mechanismus hinter diesen Ergebnissen vermutet.

Publikation 2
Frage 2: Gibt es Assoziationen zwischen köprerli-

cher Aktivität, der Faszienmorphologie und 
Veränderungen der Zirkulation im lumba-
len myofaszialen Gewebe? 

" Der mittels Weißlicht- und Laser-Doppler-Spekt-
roskopie ermittelte Blutfluss war in desorganisier-
tem gegenüber organisiertem Fasziengewebe der 
TLF um 70 % reduziert. PA oder BMI zeigten sta-
tistisch keinen Einfluss auf die myofasziale Mikro-
zirkulation.



" Mangelnde Mikrodurchblutung, die durch eine 
desorganisierte TLF verursacht wird, könnte zu ei-
ner hypoxieinduzierten Entzündung führen, die 
wahrscheinlich Schmerzen und eine beeinträch-
tigte propriozeptive Funktion bewirkt und zur Ent-
wicklung von LBP beiträgt.

Frage 3: Welchen Einfluss hat die MFR an der TLF 
auf die Mikrozirkulation im lumbalen my-
ofaszialen Gewebe? 

" 40 Minuten nach MFR stieg im Vergleich zu einer 
Placebobehandlung der Blutfluss im lumbalen my-
ofaszialen Gewebe signifikant um 48,7 % an. 

" Die TLFM-induzierte Irritation der Blutgefäße und 
der freien Nervenendigungen könnte durch die 
MFR-Intervention in dieser Studie positiv beein-
flusst worden sein.

Publikation 3
Frage 4: Führen intensive sportliche Belastungen zu 

Veränderungen innerhalb der TLF und sind 
diese mit DOMS assoziiert? 

" Die TLF-Dicke nahm um 23 % nach exzentrischer 
Belastung zu. DOMS stieg um 74,96 % an. Die 
Hauttemperatur stieg um 3,95 % an. Diese Ergeb-
nisse erreichten ebenso Signifikanz.

" Es gab keine Unterschiede zwischen trainierten 
und untrainierten Teilnehmenden, es konnten keine 
Stiffnessveränderungen in der TLF festgestellt 
werden und DOMS korrelierte nicht mit der TLF-
Dicke. 

" Mikroverletzungen der TLF durch mangelnde 
Adaptionsfähigkeit an die maximale Belastung 
führen vermutlich zu Entzündung, Schwellung und 
Dickenzunahme.

Publikation 4
Frage 5: Welche Unterschiede existieren zwischen 

Athlet*innen, Gesunden und Proband*in-
nen mit aLBP hinsichtlich der TLF als leis-
tungsassoziiertem Faktor? 

" Bei TF auf nationalem Spitzenniveau wurde eine 
um 38 % deformierbare TLF nachgewiesen. Bei 
UH betrug die TLFD 26 %, bei unter aLBP Lei-
denden war jedoch kaum eine Deformierbarkeit 
der TLF (3 %) messbar.

" In allen Gruppen korrelierte die TLFD stark mit 
der VEL. Während des Kreuzhebens beeinflussen 
sich vor allem TLFD und VEL. 

" Der Trainingszustand bzw. die Kraft des ES und 
die VEL, die eine Person beim Kreuzheben auf-
bringen kann, bestimmen neben der Gruppenzuge-
hörigkeit die TLFD während der Übung. Die Er-
gebnisse legen deshalb nahe, dass die TLFD neben 
dem Trainingszustand ein wesentlicher Faktor 
beim Gewichtheben sein könnte.
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Abstract: Background: The thoracolumbar fascia (TLF) is thought to play a role in the development

of LBP, but it is not yet clear which factor of TLF changes is a cause and which is an effect. Therefore,

some studies used the cross-correlation function (CCR) to reveal time-dependent relationships

between biomechanical and neuromotor factors. Methods: Ten patients with acute low back pain

(aLBP) were matched to healthy controls. Simultaneous recording of surface electromyography

(sEMG) of the erector spinae and multifidus muscle (ESM) and dynamic ultrasound (US) images

of TLF deformation were performed during trunk extension. CCR functions and Granger causality

(GC) were used to describe the relationship between the two measures. Results: CCR time lags were

significant higher in the aLBP group (p = 0.04). GC showed a direct effect of TLF deformation on

ESM activation only in the aLBP group (p < 0.03). Conclusions: The results suggest that in aLBP,

ESM activity is significantly affected by TLF, whereas this relationship is completely random in

healthy subjects studied with CCR and GC comparisons of dynamic US imaging and sEMG data

signals. Fascia-related disturbances in neuromotor control, particularly due to altered muscle spindle

functions, are suspected as a possible mechanism behind this.

Keywords: EMG; ultrasound imaging; low back pain; thoracolumbar fascia; erector spinae muscle;

multifidus muscle; muscle spindle

1. Introduction

Nonspecific low back pain (LBP) is one of the main causes for visiting an orthopaedist
or manual therapist [1,2]. In addition, LBP goes hand in hand with significant disability,
work loss, and early retirement, making it a critical cost and resource factor in health
care systems [3,4]. The prevalence of nonspecific LBP has been reported to range from
30% to 70% in the age group between 18 and 74 years [5]. The point prevalence is 30%
worldwide [6], and the trend has been increasing over the last 20 years [7]. Considering the
growing industrialization in developing countries and the rising number of elderly people
in the society [8], which are major risk factors for the development of LBP [4], LBP is also a
serious health problem in the coming decades.

Many clinicians and scientists have been working over the past decades to find as-
sociations or risk factors for predicting the development of LBP [4,6–8]. Since there is no
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clear cause, and even disc disease or radiculopathy cannot be placed in a linear causal rela-
tionship with LBP, a multifactorial aetiology has become a widely accepted theory [2,5,9].
However, there are some risk factors with high odds ratios (OR) that could help to partially
predict the development of LBP. Parreira et al. [4], in an umbrella review that included
15 systematic reviews of moderate to high quality, identified factors such as previous LBP
(OR 1.2−4.5), older age (OR 1.3−5.9), obesity (OR 1.1−2.4), or physical exertion (OR
1.2−6.4). Phases of acute LBP (aLBP) in the history is one of the main risk factors for the
development of chronic LBP, along with psychosocial factors [4,10].

For biomechanical causes, far fewer demographics are reported in the literature. Some
authors suggested microinjuries of the paraspinal connective tissue and the thoracolumbar
fascia (TLF) as a possible cause of LBP [11–13]. Recent studies emphasize the nociceptive
role of the high proportion of nonmyelinated terminal nerves in the TLF, which could lead
to long-lasting sensitization of dorsal horn neurons in response to microinjuries [9,11,14].
Adhesions between the TLF layers and the epimysium of the erector spinae and multifidus
muscle (ESM) are considered to be an effect of LBP pain rather than its cause [11,15]. The
limitation of daily movements of patients suffering from LBP is thereby seen as a possible
explanation [15]. On the other hand, some authors emphasized the association of TLF
adhesions or flaccidity with diseases of adjacent lumbar segments and altered motion
patterns, but it remains unclear whether the TLF is the cause or vice versa [11,15].

There is significant alteration in muscle activation patterns in patients suffering from
LBP [16,17]. Proprioception is also affected, particularly in the TLF [18]. In addition, the cen-
tral nervous system has shown correlative changes associated with LBP [19]. Furthermore,
electromyographic (EMG) studies revealed significantly different spatial distributions of
erector spinae muscle activity between patients with LBP and healthy controls [20,21].
Wilke et al. [15] hypothesized that sensitization of nociceptors in the TLF, less refined pro-
prioceptive afferent input, and stimulation of other tissues innervated by the same spinal
segment influence each other. This leads to changes in muscle activation and movement
patterns, which in turn impacts the aforementioned factors. However, it remains to be
elucidated which factor is a cause and which an effect, or whether there is even a linear
causal relationship between the individual factors.

Previous work has tried to find such correlations with varying results [22–26]. The
behaviour of the myofascial tissue has been shown to be very individual and does not
seem to be the same even in two people. Some studies examined the direct correlation
between ultrasound (US) and EMG data [24,25]. Other authors attempted to compare
joint range of motion and US data [27]. Some authors have taken into account that the
relationships between different variables often occur with a time lag and have therefore
used cross-correlation (CCR) of simultaneous time series instead of single variables for
the analysis [26,28]. In psychology and neuroscience, such studies are common, especially
when examining perception and performance [29]. Wren et al. [30] recommend the use of
CCR analysis particularly for the examination of dynamic EMG signals, highlighting that it
is more objective than the usually used qualitative visual assessments of muscle timing.

Aims

Based on previous work, the authors hypothesized that adhesions of the TLF to the
epimysium of the ESM could alter its muscle spindles (MS) and thereby affect motor
control [31]. Theoretically, Stecco et al. [32] suggested the MS could be blocked because of
the tight connection between the muscle and fascia if the ability of the tissue to slide against
each other is reduced. To reveal such relationships, TLF deformation during an ESM task
was measured using dynamic ultrasound (US) and converted into a two-dimensional signal
(time, distance) [8]. Simultaneously, ESM activity was recorded and analysed for similarity
to the US signal using CCR function.

In addition, it was assumed that TLF deformation at an early stage of LBP might affect
ESM MS more than ESM activation affects TLF. Therefore, the direction of the effect of
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whether the EMG signal predicts the US signal (ESM activation causes TLF deformation) or
vice versa (TLF deformation causes ESM activation) was tested using GC [29].

If these hypotheses can be proven, measurable relationships between the fascial system
and muscles could be of great importance in clinical practice to offer early diagnosis and
treatment to patients with acute low back pain (aLBP), helping to avoid chronification.

2. Materials and Methods

2.1. Study Design Overview

The study was an individual, one-to-one matched case-control validation study ac-
cording to the STROBE Statement [33]. The study protocol was prospectively registered
with the German Clinical Trials Register (DRKS00027074) on 5 November 2021. The study
was reviewed and approved by the ethical committee of the Diploma Hochschule, Germany
(Nr.1014/2021), was carried out in accordance with the declaration of Helsinki and obtained
informed consent from the participants [34].

2.2. Setting and Participants

The study was conducted in an osteopathic practice in a medium-sized city in southern
Germany. The number of participants for the dependent groups was calculated based on
experimental examinations on 3 patients with aLBP and 3 healthy subjects (Cohen’s d = 0.7,
α err = 0.05, 1–β err = 0.9) and set at 10 per group [35]. The acquisition for the aLBP
group was carried out via direct contact, a notice board and the distribution of information
material in the practice. The control group was matched with cases according to age
(±5 years), sex and BMI (3 classes: “normal”, BMI between 18.5–24.9; “pre-obesity”, BMI
between 25.0–29.9; “grade 1 obesity”, 30.0–34.9).

2.2.1. Inclusion Criteria for the aLBP Group

Inclusion criteria were: (a) acute lumbar back pain (aLBP) as defined by the European
guidelines for the management of acute low back pain [27]; (b) a minimum score of 10 on
the Oswestry disability questionnaire in the German version (ODQ-D) [28]; (c) a minimum
score of 3 on the visual analogue scale (VAS) for assessment of pain intensity [29]; (d) less
than 6 weeks pain duration; (e) a BMI between 18.5 and 34.9.

2.2.2. Exclusion Criteria

Exclusion criteria were: (a) generally valid contraindications to physiotherapeutic and
osteopathic treatments of the lumbar spine and pelvis; (b) rheumatic diseases; (c) taking
medication that affects blood coagulation or drug treatment of endocrine diseases; (d) taking
muscle relaxants; (e) skin changes (e.g., neurodermatitis, psoriasis, urticaria, decubitus
ulcers); (f) surgery or other scars in the lumbar region between Th12 and S1; (g) acute
trauma; (h) neurologic or psychiatric disorders; (i) subjects under 18 or over 60 years of age;
(j) prone position for 15 min is not painless for the subjects. Additional exclusion criteria
for the control group were either (k) the presence of current LBP or (l) a history of LBP (no
LBP episodes in the past 5 years; no history of physician visits due to LBP).

2.3. Procedure

The volunteers were first screened for eligibility by the investigator. The aLBP group
completed the ODQ-D [36] and determined their current pain perception on the VAS. Prior
to the measurements, the subjects received information on how to perform a defined trunk
extension task (TET). The investigator demonstrated a complete cycle of the TET (Figure 1).
Participants first performed 45 degrees of thoracolumbar flexion measured with a digital
goniometer at the level of Th10 [37].
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Figure 1. Trunk extension task. First, a 45◦ flexion position of the trunk is assumed; extension to the

neutral position is performed using a computer-generated time announcement (8 s).

Study participants sat on the treatment table with their feet touching the floor [38].
Subjects were then instructed to place their hands lightly on their thighs and keep their
elbows close to their bodies. They then performed a slow 45-degree flexion of the upper
body without moving the arms. In doing so, the investigator stopped the movement when
the goniometer indicated the appropriate value. They then extended the trunk to the
neutral position (0 degrees) over a period of 8 s. A computer-generated time announcement
provided temporal guidance.

The examination and treatment were carried out by the owner of the individual
practice for osteopathy (AB).

2.4. Outcomes

2.4.1. Ultrasound Measurement of the Deformation of the Thoracolumbar Fascia

Measurement of TLF deformation using the latissimus dorsi muscle (LD) as an anatom-
ical landmark for dynamic ultrasound (US) imaging against an artificial reference was
previously described by Wong et al. [39]. Jhu et al. [40] tested this ultrasound approach to
measure myofascial length changes and determined an ICC = 0.98 for lateral sliding of the
muscle–fascia junction.

First, the processi transversi of L1 were sonographically recorded (Mindray DP2200,
linear transducer 75L38HB, 5–10 MHz, sampling rate 7.5 MHz) and marked with a 10 cm
line drawn with a pen. A lot was used to select the right or left side of the body for
examination. The transducer was then moved laterally along the line from the L1 spinous
process in the sagittal section until the junction of the LD muscle with the TLF was visible.
While this remained centrally aligned on the transducer, it was rotated latero-caudally until
the fibres of the LD were aligned in parallel. The junction between muscle and fascia was
then positioned 1.5 cm medial to the centre of the image section. An artificial shadow was
created in the US image using a 2 mm wide plastic adhesive tape placed on the skin 1.5 cm
lateral to the centre of the image section, which served as a reference for the subsequent
measurement [41]. This was necessary to compensate for unintended movement between
the skin and the transducer during TET [39,40].

The deformation of the TLF was defined by the distance between the intersection of
the artificial reference and the underside of the posterior layer of the TLF (X2|Y2) (Figure 2,
green dot) and the muscle–fascia junction of the LD and the TLF (X1|Y1) (Figure 2, orange
dot), as described by Willard et al. [42] and Stecco [43]. X represents the coordinate point
on the x-axis with respect to the left edge of the image, and Y represents the coordinate
point on the y-axis with respect to the bottom edge of the image. The two-dimensional
coordinate distances were calculated according to the following Equation (1):

∆TLF =
√

(X2 − X1)2 + (Y2 − Y1)2 (1)
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Figure 2. Single image measurement of TLF deformation. LD/TLF, junction, coordinate point X1|Y1

(orange dot) of the junction of LD to TLF; reference, coordinate point X2|Y2 (green dot) at the

bottom of the TLF and centred on the US shadow; US, ultrasound; LD, latissimus dorsi muscle; TLF,

thoracolumbar fascia.

The transducer position thus determined was marked by an outline with a pencil
and represented the region of interest (ROI) for the examination (Figure 3). During TET, a
real-time video recording of the B-mode US measurement was made with a resolution of
852 × 340 pixels and a frame rate of 15 frames per second. The deformation of the TLF was
calculated by evaluating the ROI of the frames using Tracker Video Analysis and Modeling
Tool version 6.0.5 (© 2022 Douglas Brown, Wolfgang Christian, Robert M. Hanson; GNU
General Public License, Version 3). The technical accuracy of the measurement, which
was determined by the maximum image resolution, is ±118 µm. The generated dataset
was saved as a table in OpenDocument format. For the total deformation of the TLF, the
coordinate distances were measured once at the start of the TET in the flexed trunk position
(first video frame) and once in the stretched trunk position (last video frame), and the
difference was calculated. An example of a measurement with the Tracker Video Analysis
Tool can be found in the Supplementary Material Videos S1 and S2.

Ç

Figure 3. Measurement setup. Transducer, US transducer; Ref, artificial reference point; sEMG,

surface electromyography. Picture adapted (https://creativecommons.org/licenses/by-sa/4.0/deed.

en (accessed on 23 March 2022)).
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2.4.2. Surface Electromyography of the Erector Spinae and Multifidus Muscle

The surface EMG (sEMG) electrode pairs were placed, according to the SENIAM
protocol [44], at the level of L1 (longissimus muscle) as well as 2 cm cranially and at the
level of L5 (multifidus muscle) as well as 2 cm caudally and 2 cm paravertebrally of the
spinous process, on the side of the ESM determined by means of a lot for bipolar conduction
(Figure 3). Hofste et al. [45] compared needle EMG and sEMG in a correlation study.
According to Cohen [46], they determined a high correlation between the needle EMG of
the longissimus muscle (r = 0.9) and the multifidus muscle (r = 0.8) for a biofeedback task.

The reference electrode was positioned centrally at the level of the 3rd sacral vertebra.
All skin contact sites were prepared for maximum conductivity using an abrasive paste
followed by alcohol cleaning. Round self-adhesive 15 mm Ag/AgCl wet gel electrodes
were used.

The sEMG signal was acquired by an EMG amplifier (Biosignalplux, Senpro-EMG1,
25–500 Hz, sampling rate 3 kHZ, 16-bit A/D conversion) with a common-mode rejection
ratio (CMRR) of 110 dB and an input impedance of 110 GΩ during TET and transmitted
via Bluetooth to a PC, where it was recorded and stored in OpenDocument format, using
the software Opensignals version 2022-05-16 (Biosignalplux, Lisboa, Portugal).

2.4.3. Data Synchronization

The synchronization of the US recording and the sEMG signals was performed via a
1.5-volt DC signal, which was triggered by the investigator with a button at the beginning
of the TET. This signal was detected by one channel of the sEMG device and was visible as
a peak in the sEMG signal. The signal was also stored as an audio signal parallel to the US
video recording and was visible there as a voltage peak in the evaluation software. The
signals could be synchronized in this way with a minimum tolerance of 10 ms.

2.4.4. Cross Correlation Analysis of the Measurement Series

The raw sEMG data were processed with the R package “bioSignalEMG” and scaled
in µV. The root mean square (RMS) was calculated from the signal, normalized to the max-
imum amplitude and transformed using Principal Components Analysis (PCA) whiten-
ing. This was to prevent autocorrelation of the sEMG signal from affecting the cross-
correlation analysis.

A reduction of the sEMG data, sampled to the timestamp of the US video image, was
performed so that 15 US images per second could be assigned to 15 sEMG datasets in time
synchrony. The largest correlation coefficient (rCCF) of the CCR function indicated the
degree to which the sEMG and US signals were temporally associated with each other.
Here, the two signals were shifted against each other by a certain time lag (τLag) until they
were maximally congruent (Figure 4). Since the interpretation of CCR of two time series
alone can be problematic, a test for GC was performed for each measurement [29]. Here,
the null hypothesis that the sEMG signal was not a cause of the US signal was tested using
a significance level of p = 0.05.

2.5. Statistics

Student’s t-tests (for normally distributed data) and Mann–Whitney U tests (for non-
normally distributed data) were used to compare groups with respect to baseline characteristics.

The standard deviation (SD), mean and 95% confidence interval (95% CI) were deter-
mined for all outcome parameters. There were no outliers in the data. The outcome vari-
ables were normally distributed as determined by the Kolmogorov–Smirnov test (p > 0.05).

Student’s t-test for dependent samples was performed to detect group differences
between TLF deformation, τLag and GC; between TLF deformation and sEMG at L1 level,
τLag and GC; and between TLF deformation and sEMG at L5 level. Multiple tested p values
were adjusted according to Bonferroni–Holm, and effect sizes were calculated according
to Cohen’s d. Following Cohen [42], these values were interpreted as “weak” (>0.09,
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<0.30), “moderate” (>0.29, <0.50) and “strong” (>=0.50) [46]. Estimation plots were used to
additionally visually control for group differences [47].

Ç
Ç

Figure 4. Cross-correlation analysis of the measurement series. Ultrasound TLF, deformation of TLF;

ES L1 right, sEMG of right ES at L1 level; cross-correlation EMG / ES L1 right, cross-correlation

function of the two time series (shows a significant time lag at 1.9 s in this example, indicating that the

sEMG and deformation series are correlated). TLF, thoracolumbar fascia; EMG, electromyography;

ES, erector spinae muscle.

Libreoffice Calc version 6.4.7.2 (Mozilla Public License v2.0) was used for descriptive
statistics. Inferential statistics were performed using R software, version 3.4.1 (R Foundation
for Statistical Computing, Vienna, Austria).

3. Results

Twenty subjects were successfully matched according to age, sex and BMI classes. No
significant difference in baseline data were found between the groups (Table 1).
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Table 1. Baseline characteristics.

Baseline
Characteristics

LBP Group (n = 10)
Mean ± SD

Controls (n = 10)
Mean ± SD

p Value

Sex (men/women) 4/6 4/6

Age (years) 43.6 ± 15.9 39.0 ± 15.0

0.38 a95% CI 32.2–54.9 28.2–49.7
Min–Max 18.5–59.6 18.–58.0

Height (m) 1.72 ± 0.08 1.67 ± 0.12

0.3095% CI 1.67–1.78 1.59–1.76
Min–Max 1.61–1.83 1.51–1.83

Weight (kg) 74.5 ± 12.9 66.0 ± 15.6

0.1695% CI 66.3–84.7 54.9–77.2
Min–Max 57.0–98.0 48.0–99.0

BMI (kg/m2) 25.6 ± 4.5 23.5 ± 4.6

0.24 a95% CI 22.3–28.8 20.3–26.7
Min–Max 19.6–33.5 19.5–34.3

ODQ-D (0–100) 49.4 ± 16.8
95% CI 37.4–61.4

Min–Max 32.0–78.0

VAS (0–10) 5.3 ± 2.5
95% CI 3.5–7.0

Min–Max 2.6–10.0

Pain duration (days) 9.1 ± 3.7
95% CI 6.4–11.8

Min–Max 3.0–14.0

Normally distributed data are tested with Student’s t-test. a, not normally distributed data, tested with Mann–
Whitney U test. SD, standard deviation; n, number; 95% CI, 95% confidence interval; LBP, low back pain; ODQ-D,
Oswestry disability questionnaire in the German version; VAS, Visual analogue scale.

Table 2 shows a significant difference in TLF deformation between groups in row 1
(see also Figure 5). In rows 2 and 3 (L1/L5 time lag) we observe that there were significant
differences in the temporal association of TLF deformation and ESM sEMG activity at the
level of L1 and L5 between groups. In the aLBP group, there was the greatest correlation
of the time series in the positive range (TLF deformation was followed by sEMG activity),
whereas in the control group these occurred mostly in the negative range (sEMG activity
was followed by TLF deformation) (see also Figure 6). Rows 4 and 5 (GC) show a directional
effect, i.e., here, the time series of the TLF deformation predicted with high probability the
time series of the sEMG activity of the ESM.

Table 2. Changes between acute low back pain patients and healthy controls.

Student’s t-Test
Outcome Mean ± SD 95% CI t p d

TLF deformation (%) 27.5 ± 31.1 5.3–49.8 2.80 0.01 * 0.88
L1 time lag (s) 1.30 ± 1.53 0.21–2.39 2.69 0.02 * (0.04 **) 0.85
L5 time lag (s) 1.21 ± 1.49 0.15–2.28 2.57 0.03 * (0.04 **) 0.81

L1 TLF/sEMG (%) 30.6 ± 44.6 −1.2–62.4 2.17 0.03 * (0.03 **) 0.69
L5 TLF/sEMG (%) 34.6 ± 40.6 5.5–63.6 2.69 0.01 * (0.02 **) 0.85
L1 sEMG/TLF (%) 2.8 ± 45.8 −30.0–35.5 0.19 0.85 0.06
L5 sEMG/TLF (%) 5.6 ± 43.3 −25.3–36.6 0.41 0.69 0.13

Values represent the differences between matched aLBP patients and healthy subjects. SD, standard deviation; n,
number; 95% CI, 95% confidence interval; d, Cohen’s d; TLF, thoracolumbar fascia; TLF/sEMG, Granger causality
that the deformation of the thoracolumbar fascia causes the sEMG; sEMG/TLF, Granger causality that the sEMG
causes the deformation of the thoracolumbar fascia; aLBP, acute low back pain; TLF, thoracolumbar fascia; sEMG
surface electromyography; significant at the level * p < 0.05; ** Bonferroni–Holm adjusted.
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2
2

Figure 5. Estimation plot of TLF deformation. TLF, thoracolumbar fascia; LBP, acute low back pain

group; Control, control group; significant at level p < 0.05.

2
2

Figure 6. Estimation plot of time lags between the TLF deformation and the sEMG activity of the

paraspinal muscles. TLF, thoracolumbar fascia; sEMG, surface electromyography; LBP, acute low

back pain group; Control, control group; both significant at level p < 0.05.

Table 3 shows the probability to which the time series of TLF deformation is suitable to
predict the time series of ESM sEMG activity or vice versa. The mean values of the groups
are shown in percentages (see also Figure 7, where a further differentiation by matched
pairs was made).
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Table 3. Granger causality.

Granger Prediction
L1 L5

Direction Group True False True False

TLF/sEMG
LBP 82.3% 17.7% 92.5% 7.5%

Control 51.7% 48.3% 58.0% 42.0%

sEMG/TLF
LBP 61.0% 39.0% 52.3% 47.7%

Control 58.2% 41.8% 46.7% 53.3%

LBP, low back pain group; Control, control group; TLF/sEMG, Granger causality that the deformation of the
thoracolumbar fascia causes the sEMG; sEMG/TLF, Granger causality that the sEMG causes the deformation of
the TLF; TLF, thoracolumbar fascia; sEMG, surface electromyography.

4. Discussion

The present matched case-control validation study is novel in that it examines the
relationship between TLF deformation (measured with US) and paraspinal muscle activ-
ity (measured with sEMG of ESM) during a clinically relevant task in subjects with and
without aLBP. In addition, this is the first study to apply CCR functions and GC to lumbar
myofascial tissue, which are commonly used in signal processing analysis in psychophysi-
ology and neuroscience [29]. Whittaker et al. [26] used a similar methodology to compare
abdominal muscle thickness and EMG activity. To the authors’ knowledge, this was the
first study to use CCR functions and GC to reveal the interactions between TLF and ESM in
pathological and healthy subjects. This approach allows us to compare the similarity of
two signals (waves) in terms of time and shape as a function of the time delay that may
occur between them.

Figure 7. Estimation plot of the Granger causality: TLF deformation causes sEMG activity. TLF,

thoracolumbar fascia; sEMG, surface electromyography; LBP, acute low back pain group; Control,

control group; both significant at level p < 0.05.

The results of both CCR and GC showed significant differences in the relationship
between the TLF and the ESM during a TET in the aLBP group (all p < 0.05). Here, TLF
deformation was clearly followed by sEMG activity in the ESM. GC revealed an 82.3%
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probability that fascia influenced muscle activity at L1 level (p = 0.03) and 92.5% at L5
level (p = 0.02). However, this phenomenon occurred only in subjects with aLBP but not
in the control group, in which the relationship between fascia and muscle was found to
be completely random (all p > 0.69); GC revealed a 50:50 probability that one variable
predicted the other. There was a significant difference in total TLF deformation between
aLBP patients and healthy controls (p = 0.01). Using the same US measurement method,
Wong et al. [39] observed a difference in TLF deformation of 3.8 mm after myofascial release
treatment and attributed these changes to the decrease in stiffness due to treatment. In the
healthy control subjects, the TLF was 27.5% more deformable during TET than in the aLBP
cases. According to the results of Wong et al., this could be due to a higher stiffness of the
TLF tissue.

During TET, we observed in some aLPB participants with putative adhesions that the
ESM did not show continuous smooth contraction but multiple spasmodic twitches. Interest-
ingly, tearing of the putative adhesion appeared to be associated with severe lumbago pain
(Video S3). The muscle spindles of the ESM are completely in continuity with the intra-
muscular connective tissue, especially with the perimysium and, via fascial continuity, also
with the epimysium [48–50]. Adhesions between the TLF and the epimysium of the ESM
could transmit mechanical forces to the muscle spindles during a dynamic task, triggering a
stretch reflex, which we may have observed in some participants with pathological changes
in the TLF (Figures 8 and 9). If the adhesions between the TLF and epimysium persist
for a prolonged period of time, the muscle spindles associated with this area are likely to
be stretched and thereby activated. Clinicians often describe unilateral hypertrophy of
the ESM in LBP patients at the level of the lower thoracic spine to the L3 or L5 vertebrae.
Interestingly, this is the area with the highest density of muscle spindles in the posterior
vertebral muscles [51], so the corresponding muscle fibres could be constantly contracted
by fascially triggered muscle spindle activation [32]. This is consistent with our clinical
observations that such TLF adhesions also preferentially occur unilaterally.

Even a load threshold of 30 mN is capable of activating a muscle spindle. Therefore,
the elasticity of the peri–epimysium–fascial complex is a critical factor in maintaining
proper muscle spindle function [32,52]. The signals from the spinal cord to the muscle are
often irregular and not uniform. The intensity initially increases for a few milliseconds, then
decreases, changes to a different intensity level, and so on. The muscle spindle smooths
this signal by mediating the spindle reflex to average the signal [52]. Moreover, because of
α–γ-coactivation during muscle contraction, the muscle spindle must shorten accordingly
in response to this efferent signal [32]. Adhesions of the TLF to the epimysium of the ESM
reduce the elasticity and adaptability of the intramuscular connective tissue to which the
spindles are connected and probably thereby alter their proper physiological function.

Conversely, not only can the muscle spindle be stretched or blocked by the surrounding
connective tissue, but the intrafusal fibres themselves can also transmit a force via endo-,
peri- and epimysium due to fascial continuity. Fede et al. [49] suggest that the nerve network
in the epimysial fascia can unify all the tension emanating from the muscle spindles and
transmit decoded input about the state of muscle contraction via the central nervous system.
Therefore, in this context, the epimysial fascia acts as a kind of coordinator of the actions
of the different muscle motor units. Pathological alterations of the TLF associated with
decreased shear capacity relative to the epimysium would obviously interfere with such a
coordinating function by mechanically blocking the receptors [11].

Limitations

First, in this study, the junction between LD and TLF was used as a landmark for
dynamic US imaging during TET. Participants were instructed to avoid upper limb move-
ments. However, it is possible that LD activity could still have influenced the measurement.
Wong et al. [39], who described this methodology, examined three trials for how TLF was
affected by LD activation and found no significant differences between trials. However,
future studies should also test LD activity in relation to EMG silence to avoid potential bias.
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Second, the sample size was relatively small. In preparation for this study, an ex-
perimental examination was performed on six subjects. The derivation and analysis of
the results, especially the dynamic US images, took 60 min for each participant and was
therefore very resource-intensive. Therefore, we carefully calculated the necessary sample
size with the experimentally determined effect size and increased the statistical power with
a matched-pairs design. Our results showed strong effect sizes and a high statistical power
for CCR (d = 0.85, 1–β err = 0.98 at L1 level; d = 0.81, 1–β err = 0.97 at L5 level) and GC
(d = 0.69, 1–β err = 0.91 for TLF/sEMG relationships at L1 level; d = 0.85, 1–β err = 0.98
at L5 level), indicating that the sample size chosen was large enough to reveal significant
differences between aLBP participants and healthy controls.

• Mechanical forces to the muscle spindles during a dynamic task, triggering a stretch reflex.
• Muscle spindles are blocked by adhesions, and their function is disturbed, which is

why they are unable to smooth muscle contraction.
• An epimysium incapable of shearing against the TLF cannot provide a proprioceptive

function to unify muscle spindle tensions.

:

Figure 8. Differences of associations between patients with low back pain (B,D,F,H) and healthy

control subjects (A,C,E,G). (A) A clear separation of the TLF and the epimysium of the ES by areolar

connective tissue is shown (red arrows). (B) No clear separation is detectable (red arrows). In addition,

the TLF appears distinctly thickened and disorganized (yellow arrows). (C) The diagram shows a

gradual decrease in the deformation of the pre-extended thoracolumbar fascia with trunk extension.

Surface EMG (E) shows no significant cross correlations (G), correlation coefficients all below 2/
√

n.

(D) The thoracolumbar fascia behaves completely differently. It does not show a continuous behaviour

but changes its deformation several times immediately in the course, causing a significant change

in the sEMG activity (F) with a time shift of 1.9 s (H), red time delay. ES, erector spinae muscle; LD,

latissimus dorsi muscle; SPI, serratus posterior inferior muscle; TLF, thoracolumbar fascia; sEMG,

surface electromyography; orange dot shows the LD/TLF junction.
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³ ³

Figure 9. Pathological fascial triggered alteration of muscle spindle function.

Some authors urged caution in the use of sEMG, especially in the multifidus mus-
cle [45,53]. Hofste et al. [45] showed a high correlation between needle EMG and EMS
sEMG. However, they also documented a high rate of crosstalk during muscle coactivation
tasks (in which they did not follow the SENIAM protocol and intentionally provoked coac-
tivation). Bandpei et al. [54] instead highlighted the use of sEMG in assessing paraspinal
muscle fatigue and certified sEMG as reliable. However, future work is needed to further
demonstrate the accuracy of sEMG.

Fourth, in most dynamic US examinations, the anatomical structures are measured
against the US transducer as a fixed point. To avoid the movement of the US transducer on
the skin, we measured against an artificial reference with a reflective tape. Mohr et al. gave
this approach an excellent reliability of ICC = 0.98 [41]. Nevertheless, it cannot be completely
ruled out that skin movement affects the measurement. However, Langevin et al. [11]
showed that almost no movement of the dermis was detectable during the shear motion of
the TLF fascia layers. Therefore, we assume that skin motion was negligible for our results.

Finally, it is important to understand that PCA smoothing of the sEMG data, which
was used in this study to avoid autocorrelation within the signal, does not allow conclusions
to be drawn about neuromuscular control, although it cannot be considered a limitation in
relation to the aim of this study. The approach of prewhitening the signals compared by
CCR is strongly recommended [29].

The results of this study should be considered in light of the objective because, to
the authors’ knowledge, this is the first study to investigate the relationships between
TLF deformation and ESM activation in patients with aLBP and healthy control subjects.
The results show that the myofascial changes caused by aLBP have a crucial influence on
the sEMG behaviour of the ESM. We also hypothesize that a possible mechanism behind
the observed effects may be adhesions between the fascial layers of the TLF and ESM
epimysium, which alters muscle spindle function. Partanen et al. [55] recently presented a
new method for identifying muscle spindle activity using EMG. It would be interesting
to directly investigate the relationships between fascial deformation and muscle spindle
activation using this method in a future study and confirm our hypothesis.
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5. Conclusions

The results of this study suggest that associations between TLF deformation and ESM
activity during a clinically relevant task can be revealed using CCR and GC comparisons of
dynamic US imaging and sEMG data signals. Our results show that in aLBP, ESM activity
is significantly affected by TLF, whereas this relationship is completely random in healthy
individuals. We therefore hypothesize that adhesions between the fascial layers of the TLF
and the epimysium of the ESM affect neuromotor control in aLBP, which could be triggered
by altered muscle spindle function.

Supplementary Materials: The following supporting information can be downloaded at: https://

www.mdpi.com/article/10.3390/life12111735/s1, Video S1: Tracker video analysis of a healthy

control subject during a trunk extension task. The video is shown in slow motion (33% of the original

playback speed). Video S2: Tracker video analysis of a subject with acute low back pain during

a trunk extension task. The video is shown in slow motion (33% of the original playback speed).

Video S3: Dynamic ultrasound in a patient with acute low back pain and a suspected adhesion

between fascial layers.
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Abstract: (1) Background: Inflammatory processes in the thoracolumbar fascia (TLF) lead to thicken-

ing, compaction, and fibrosis and are thought to contribute to the development of nonspecific low

back pain (nLBP). The blood flow (BF) of fascial tissue may play a critical role in this process, as it

may promote hypoxia-induced inflammation. The primary objective of the study was to examine the

immediate effects of a set of myofascial release (MFR) techniques on the BF of lumbar myofascial

tissue. The secondary objectives were to evaluate the influence of TLF morphology (TLFM), physical

activity (PA), and body mass index (BMI) on these parameters and their correlations with each other.

(2) Methods: This study was a single-blind, randomized, placebo-controlled trial. Thirty pain-free

subjects (40.5 ± 14.1 years) were randomly assigned to two groups treated with MFR or a placebo

intervention. Correlations between PA, BMI, and TLFM were calculated at baseline. The effects of

MFR and TLFM on BF (measured with white light and laser Doppler spectroscopy) were determined.

(3) Results: The MFR group had a significant increase in BF after treatment (31.6%) and at follow-up

(48.7%) compared with the placebo group. BF was significantly different between disorganized and

organized TLFM (p < 0.0001). There were strong correlations between PA (r = −0.648), PA (d = 0.681),

BMI (r = −0.798), and TLFM. (4) Conclusions: Impaired blood flow could lead to hypoxia-induced

inflammation, possibly resulting in pain and impaired proprioceptive function, thereby likely con-

tributing to the development of nLBP. Fascial restrictions of blood vessels and free nerve endings,

which are likely associated with TLFM, could be positively affected by the intervention in this study.

Keywords: microcirculation; thoracolumbar fascia; fascia morphology; physical activity; myofascial release

1. Introduction

The thoracolumbar fascia (TLF) is a salient central anatomic structure in the dorsal
trunk region. Therefore, many authors consider this structure as a potential trigger for non-
specific low back pain (nLBP) [1–8]. This multilayered fascia consists of dense aponeuroses
that attach to the posterior vertebral processes as well as to the supraspinal ligaments in
the thoracolumbar spine area. These aponeuroses can withstand loads [1] and transmit
forces [9]. In addition, they have thin layers of loose connective tissue that separate these
aponeuroses as well as the underlying epimysial muscle layers and support shear mobility,
which plays an important role in the movement mechanics of the trunk [10]. In addition,
subcutaneous fascial bands have been found to mechanically connect skin, the subcuta-
neous layers, and deeper muscles [11]. From a biomechanical point of view, the range of
motion (ROM) represents the maximum distance over which a joint can be moved and,
in the trunk, depends to a large extent on the mechanical properties of the fascia, since it
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is tightly connected to the underlying muscle along its entire peripheral length [12]. In a
morphological sense, fascia also connects muscles that are arranged in series [9]. Because
of these relationships between fascia and muscle, a stiff TLF can directly limit ROM [10].

There are some hypotheses suggesting that inflammatory processes within the TLF
lead to thickening, densification, and fibrosis [2,10,13,14]. Bishop et al. [15] investigated the
influence of injury to the TLF and restriction in motion and found that the combination
of these factors leads to significant fibrosis and thickening of the TLF. In addition, recent
studies have shown that the TLF has extensive sensory innervation, including small-caliber
nociceptors that can be activated by mechanical stimulation and are apparently affected
by morphological changes [3,5,6,16]. The TLF is also thought to play an important role
in lumbar proprioception [5,17]. There is increasing evidence that not only thickening
but also ultrasonic echogenicity and disorganization of the fascia are critical factors in the
development of nLBP, ROM limitations, and sensory disturbances [2,18–21]. Therefore,
these morphological differences in TLF characteristics may reflect, first, how mechanical
forces are transmitted across different tissues, second, are part of the explanation for
limited trunk ROM, and third, cause sensory disturbances (e.g., pain from nociceptor
stimulation or inadequate proprioceptive response). De Coninck et al. [20] developed
a scoring scheme to critically evaluate the morphological characteristics of the TLF at
four levels ranging from 1 = “very disorganized” to 4 = “very organized” and found that
even medical practitioners inexperienced in the evaluation of ultrasound images achieved
sufficient reliability in assessing the four groups of TLF organization. Although expert
consensus on the specific classification criteria is still pending, this scheme represents the
first morphological assessment protocol for TLF.

Blood circulation in fascial tissue may play a critical role in maintaining the biomechan-
ical, proprioceptive, and nociceptive function of the TLF [5,22–24]. In particular, a decrease
in blood flow with subsequent deoxygenation may be a trigger for fascial degeneration
(e.g., stiffening, fibrosis, or thickening). In addition, hypoxia-related proteins are mediators
of cell inflammation and apoptosis and cause a significant shift in collagen matrix and
expression, which may also promote fascial degeneration [22]. On the other hand, fascial
restrictions obviously decrease blood flow by vascular compression [24]. It is known from
previous studies that fascial blood flow and oxygen saturation are dependent on individual
physical activity (PA), age, and body mass index (BMI) [10,20,22,23,25,26]. Neurological
factors also play an important role in the blood supply to fascia [5,6,16]. Mense [5] found a
large amount of postganglionic sympathetic fibers, most of which probably act as vasocon-
strictors by innervating the arterioles of the TLF. Free vascular nerve endings are able to
release neuropeptides and neurotrophins after mechanical stimuli (e.g., myofascial release
(MFR) treatment) and lead to vasodilation by increasing capillary permeability. This makes
blood circulation an interesting variable to study in terms of the relationship between PA,
BMI, TLF morphology (TLFM), and its interaction with manual treatment.

MFR techniques are widely used in manual medicine with the aim of restoring the
optimal length of myofascial tissue structures, improving their function and reducing their
pain [27,28]. They are also commonly used by physiotherapists in the treatment of nLBP.
However, due to the poor quality of most current MFR studies, they also urged the need
for future studies of high quality. In MFR treatment, the myofascial tissue is treated with a
mechanical shearing motion (combination of compression and stretching) with low force
and slow speed [27]. This is thought to result in a lasting change in the morphology of
the fascia and also its hydration [25,26,29,30], because fascial tissue response to balanced,
sustained stretching is more likely than to intermittent, uneven loads [31]. In addition, the
numerous free nerve endings that act as proprioceptors, nociceptors, or nerve structures
that innervate blood vessels could trigger a range of neuromuscular and neurovascular
reflexes [5,32].

To the authors’ knowledge, there are no studies to date that have specifically in-
vestigated the influence of myofascial morphology or manual treatment on the blood
microcirculation of TLF in vivo, which is the aim of the present work.
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The first hypothesis (primary objective) was that the presumed effect of MFR on fascial
tissue would lead to an increase in blood flow (BF), oxygen saturation of the hemoglobin
(SO2), and relative hemoglobin concentration in tissue (rHb) after treatment with a series
of MFR techniques. To determine whether a possible BF increase occurs only immediately
after the intervention or whether the effect lasts longer, a 60 min follow-up was considered.
Previous studies reported that temperature, and thus presumed skin BF, decreases after
this period [33,34].

The authors further hypothesized (secondary objectives) that TLFM, besides PA and
BMI, has an influence on blood circulation in the myofascial lumbar tissue. Therefore,
one objective was to investigate the influence of TLFM, PA, and BMI on BF, SO2, and rHb.
Another objective was to investigate the correlations between PA, BMI, and TLFM.

2. Materials and Methods

2.1. Study Design Overview

The study was a single-blind, randomized, placebo-controlled trial with two groups.
Measurements were taken before and after the intervention and at a 60 min follow-up
according to the SPIRIT guidelines [21]. The study protocol was prospectively registered
with the German Clinical Trials Register (DRKS00028780) on 8 April 2022. The study
has been reviewed and approved by the ethical committee of the Diploma Hochschule,
Germany (Nr. 1014/2021), has been carried out in accordance with the declaration of
Helsinki, and has obtained written informed consent from the participants [35].

2.2. Setting and Participants

The study was conducted in an osteopathic practice, in a medium-sized city in south-
ern Germany. The number of participants per group was calculated based on the MFR
effect size of a previous study (partial η2 = 0.22, α err = 0.05, 1-β err = 0.9) and set at 15 per
group [4,36]. The acquisition was carried out via direct contact, a notice board, and the
distribution of information material in the practice. The study design envisaged carrying
out the study in a running practice, which is why the participants were continuously
recruited during the study period. All test persons received a voucher for a preventive
service of their own choice in the amount of 30 euros.

Inclusion criteria were: (a) participants without a history of lumbar back pain [37] or
acute musculoskeletal disorders (symptom-free for at least four weeks); (b) a BMI between
18 and 29.9; (c) a maximum dermis (DER) and subcutaneous adipose tissue (SAT) thickness
of 7 mm in the measurement area of the ultrasound (Figure 1); (d) female or male subjects
aged 18 to 60 years; (e) prone position for 15 min must be pain-free for the subjects.

than 15 years of professional experience in manual therapy and a master9s de-

3
raphe (Figure 2a), performed with the therapist9s fingertips 13

performed with the therapist9s hands. (3) Longitudinal glide along 
the lumbar paravertebral muscles (Figure 2c), performed with the therapist9s open fist. (4) 
Longitudinal stretch of the TLF (Figure 2d), performed with the therapist9s hands. (5) Uni-

longitudinal stretch of the TLF (Figure 2e), performed with the therapist9s hands.

3

the subject9s iliac crest. The therapist initiates at all techniques a direct stretch of the fascia 

Figure 1. Anatomical orientation and delineation of the zones rated. *DER, dermis; *SAT, subcuta-
neous adipose tissue; *TFL, thoracolumbar fascia; *ES, erector spinae muscle; ROI, region of interest,
zones rated.
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Exclusion criteria were: (a) generally valid contraindications to physiotherapeutic and
osteopathic treatments of the lumbar spine and pelvis; (b) rheumatic diseases; (c) taking
medication that affects blood coagulation; (d) taking muscle relaxants; (e) skin changes
(e.g., neurodermatitis, psoriasis, urticaria, decubitus ulcers); (d) surgery or other scars in
the lumbar region between Th12 and S1; (e) pregnancy.

2.3. Randomization and Interventions

The volunteers were first screened for eligibility by the investigator (AB). They com-
pleted the International Physical Activity Questionnaire (IPAQ) [38] and were examined
by ultrasound for TLF morphology. Subjects were then covertly assigned to the MFR or
placebo group (PLC) using block randomization. The Internet-based randomization was
carried out with the application Research Randomizer, version 4.0 [25]. Subjects were
not given any information by the investigator regarding their group membership or the
intervention that was being delivered. After a 10 min rest period on a therapy table in the
prone position, the investigator then performed the first measurement of blood flow data
(BFD). The subjects received the respective group-specific intervention from an osteopath
who had more than 15 years of professional experience in manual therapy and a master’s
degree. This was followed by the post-intervention measurement and a 60 min follow-up
examination. For this purpose, the subjects continued to lie in a relaxed prone position on
the therapy table. The examination and treatment were carried out by the owner of the
individual practice for osteopathy (AB).

2.3.1. Myofascial Release Intervention

The MFR group received an MFR treatment protocol that included four previously
described techniques [4,39–41], as follows: (1) Sustained manual pressure to the lateral
raphe (Figure 2a), performed with the therapist’s fingertips 1–4. (2) Lateral stretching of
the TLF (Figure 2b), performed with the therapist’s hands. (3) Longitudinal glide along the
lumbar paravertebral muscles (Figure 2c), performed with the therapist’s open fist. (4) Lon-
gitudinal stretch of the TLF (Figure 2d), performed with the therapist’s hands. (5) Unilateral
longitudinal stretch of the TLF (Figure 2e), performed with the therapist’s hands.

Here, except for technique 1, the subject is in a prone position with the arms on the
sides of the body and the legs parallel to each other (Figure 2b–e). The head is in a neutral
position, the face lies in a recess in the head section of the therapy table. The patient is
undressed to such an extent that the TLF between Th12 and S1 is accessible. In technique 1,
the patient lies in the lateral position with the shoulders flexed 90◦ and the hips flexed 30◦

(Figure 2a). The therapist stands contralateral to the side to be treated, at the level of the
subject’s iliac crest. The therapist initiates at all techniques a direct stretch of the fascia
to a noticeable tissue resistance. The therapist then follows the creep of the myofascial
tissue to initiate further stretching of the TLF [1]. The applied force on the tissue is only
moderate, ranging from 25 to 35 N. The usually applied force during an MFR treatment
was previously evaluated by the therapist using a precision scale. The duration of each
technique is 60 to 90 s. However, the decisive factor for the effect is not so much the time
period over which the technique is practiced, but the occurrence of a myofascial release.
Ajimsha et al. [27] define this as the restoration of the optimal length of myofascial tissue
structures, their functional improvement, and the reduction of pain in them. All techniques
were applied on both sides of the TLF. Therefore, the whole intervention lasted between
10 and 12 min.

2.3.2. Control Group

The subjects in the PLC group were in the same position as those in the MFR group
(Figure 2a–e). Instead of the MFR treatment protocol, sham treatment was applied only
with minimal pressure between 4 and 6 N to the same areas treated in the MFR group. The
duration was 90 s for each area on each TLF side, except for 5, which was touched unilaterally.
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3

3

Figure 2. Myofascial release and placebo treatment at the TLF. (a) Sustained manual pressure to
the lateral. (b) Lateral stretching of the TLF. (c) Longitudinal glide along the lumbar paravertebral
muscles. (d) Longitudinal stretch of the TLF. (e) Unilateral longitudinal stretch of the TLF. Blue
arrows show the direction of tissue stretching in the myofascial release treatment. In the placebo
treatment, the hands were instead left in place with minimal pressure.

2.4. Outcomes

2.4.1. Thoracolumbar Fascia Morphology

Ultrasound images (Philips Lumify with linear transducer L12-4, B-Mode, 12 MHz,
3.5 cm depth; Philips Ultrasound, Inc., Bothell, WA, USA) were acquired 2 cm lateral to the
lumbar interspinous level 2–3 according to Langevin et al. [18] because the fascial planes are
most parallel to the skin at this level. Therefore, the interspinous ligament between lumbar
vertebrae 2 and 3 and the superficial border of the posterior paraspinal muscles were imaged
according to the validated protocol of Stokes et al. [42]. The ultrasound image section was
placed as close as possible to the thoracolumbar complex (Figure 1). Longitudinal images
were then taken 2 cm lateral to the disc space between lumbar vertebrae 2 and 3. The side of
the body to be measured was determined by a random number generator. The investigator
(A.B.) then ensured that the inclusion criteria of a maximum DER and SAT thickness of
7 mm were met.

Subsequently, the TLFM was divided into 4 groups according to De Coninck et al. [20]:
group 1: very disorganized, group 2: somewhat disorganized, group 3: somewhat orga-
nized, group 4: very organized. Three different raters with at least 10 years of experience in
evaluating ultrasound images (two physicians and one osteopath with a master’s degree)
independently assessed TLFM in a blinded fashion with respect to the study participants
and to the other raters. A Likert scale was used with rating points from 1 to 10; point 1
was labeled “very disorganized” and point 10 was labeled “very organized”; intermediate
points were numbered but not labeled. Raters were familiarized with the definition of TLF
organization and disorganization. For example, “very organized” was defined as “being
able to draw a rectangular box around the hyperechogenic area of the TLF”. The mean of
the three scores was used for further analysis. The participants’ ratings on the scans were
then divided into the four groups. Group 1 included all scans with a median score of 1 to 3.
Group 2 included all median scores of 4 to 5. Group 3 included all median scores of 6 to 7.
Group 4 included all median scores of 8 to 10 (for review, see De Coninck et al. [20]).

De Coninck et al. [20] attest a degree of agreement, with a Krippendorff alpha of 0.61,
and a degree of consistency, with a Conbach’s alpha of 0.98, with this procedure, even for
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inexperienced examiners. Almazán-Polo et al. [43] found excellent intra-rater reliability.
The intraclass correlation coefficient (ICC) value for the right TLF was ICC = 0.968, and for
the left TLF, it was ICC = 0.955.

2.4.2. Blood Flow Measurements

To obtain a reproducible position for measuring blood flow in the lumbar myofascial
tissue, the previously mentioned ultrasound measurement point at the intersection of
the lateral edge of the transducer and the center of the transducer was marked with skin
markers. This position also allows measurement of thoracolumbar fascia blood flow in
addition to muscle tissue.

Measurement of BFD data was performed using the O2C device (LEA Medizintechnik,
Giessen, Germany). Based on an optical fiber probe, the O2C is a noninvasive device for
measuring blood flow and oxygenation of subcutaneous tissue to a depth of 8 mm. Multiple
fiber probes include both white light (wavelengths of 500–800 nm) and laser Doppler
(830 nm and 30 mW) spectroscopy. Using white light spectroscopy allows the determination
of hemoglobin parameters, SO2 and rHb. Laser Doppler flowmetry provides the ability
to determine perfusion parameters in tissues as it detects all moving erythrocytes. The
number of moving erythrocytes is then processed in combination with blood flow velocity
to provide the parameter BF, which is expressed in arbitrary units (AU). In numerous
studies, this device has been shown to be reliable and valid [23,44].

For standardization, environmental factors such as light and temperature were kept
constant. An experienced researcher (A.B.) performed all measurements. The O2C fiber
probe was fixed pressure-free with a transparent double-sided adhesive film (Lea Medi-
zintechnik, Giessen, Germany). The stability of the measurement was investigated by
collecting BFD from ten subjects at a 10 min interval and calculating the intra-rater reliabil-
ity. The ICC value for this was excellent (ICC = 0.99).

2.5. Statistics

For all parameters, the standard deviation (SD), the mean, and the 95% confidence
interval (95% CI) were determined. There were no outliers in the data. The outcome
variables were normally distributed as assessed by the Shapiro–Wilk test (p > 0.05). The
homogeneity of the error variances between the groups was fulfilled for all these variables
according to Levene’s test (p > 0.05).

The ICC within the rater of the BFD and between raters of the TLFM and their 95% CI
were calculated using the R package “irr” version 0.84.1 based on a 2-way mixed-effects
model with absolute agreement. Resulting ICC values were interpreted according to
Fleiss [45] as “poor” (<0.4), “fair to good” (0.4 to 0.75), and “excellent” (>0.75).

To identify the difference between MFR and PLC groups in BF, SO2, and rHb, two-way
ANOVAs were carried out. Post hoc analysis was conducted using Tukey’s HSD test. To
ensure comparability between groups, differences in BF, SO2, and rHb between the MFR
and PLC groups were tested at baseline with an independent Student’s t-test. Three-way
ANOVAs were conducted to determine the effects of TLFM, IPAQ and BMI on BF, SO2, and
rHb. Post hoc analysis was conducted using Tukey´s HSD test.

Somers’ D was performed to determine associations between TLFM and IPAQ, and
Spearman’s rank correlation for associations between TLFM and BMI, as well as TLFM. Re-
sulting values were interpreted according to Cohen [46] as “weak” (>0.09, <0.30), “medium”
(>0.29, <0.50), and “strong” (≥0.50).

The significance level was set at p = 0.05.
Libreoffice Calc version 6.4.7.2 (Mozilla Public License v2.0) was used for the descrip-

tive statistics. The inferential statistics were carried out with the software R, version 3.4.1
(R Foundation for Statistical Computing, Vienna, Austria).
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3. Results

The anthropometric data and baseline characteristics are shown in Table 1. Of 38 sub-
jects screened between 11 April 2022 and 29 April 2022, 30 met the eligibility criteria
(Figure 3). No subject was unblinded accidentally or in any other way.

Table 1. Baseline characteristics.

Baseline
Characteristics

Participants (n = 30)
Mean ± SD

Gender (men/women) 15/15
Age (years) 40.5 ± 14.1
Height (m) 1.73 ± 0.1
Weight (kg) 69.0 ± 11.5

BMI (kg/m2) 23.0 ± 3.2
Physical activity (IPAQ)

High, n (%) 11 (36)
Moderate, n (%) 12 (40)

Low, n (%) 7 (23)
SD, standard deviation; n, number.

9

MFR and PLC groups were tested at baseline with an independent Student9s t

Somers9 
Spearman9s rank correlation for associations between TLFM and BMI, as well as TLFM. 

< = <
= < = (g0.50).

Figure 3. Flow diagram of the study. n, number; MFR, myofascial release; PLC, placebo.

3.1. Primary Objective: Difference between Myofascial Release Treatment and Placebo Intervention

According to Student’s t-test, there were no group differences between the MFR and
PLC groups at baseline in BF, t(28) = −1.19, p = 0.243, SO2, t(28) = −0.53, p = 0.603, and rHb,
t(28) = −1.31, p = 0.208.
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A two-way ANOVA determined significant interaction between the study groups
and measurement timepoints (MP) on BF, F(1, 56) = 5.24, p = 0.026, partial η2 = 0.09. Con-
sequently, an analysis of simple main effects for the study groups was performed with
statistical significance receiving a Bonferroni adjustment. There was a statistically signifi-
cant difference in mean BF scores for t1 (F(1, 56) = 35.8, p < 0.0001) and t2 (F(1, 56) = 85.0,
p < 0.0001) between study groups. According to Tukey’s HSD test, the MFR group showed
significantly higher BF for t1 (MDiff = 31.6, 95%-CI[41.5, 21.7], p < 0.0001) and t2 (MDiff = 48.7,
95%-CI[60.4, 37.0], p < 0.0001) compared with the control group.

A two-way ANOVA determined no significant interaction between the study groups
and MP on SO2, F(1, 56) = 0.47, p = 0.496, partial η2 = 0.01. There was a significant main
effect for the study groups on SO2, F(1, 56) = 7.26, p = 0.009, partial η2 = 0.11, but not for
MP, F(1, 56) = 0.79, p = 0.379, partial η2 < 0.01. According to Tukey’s HSD test, the MFR
group showed significantly higher SO2 for t2 (MDiff = 11.7, 95%-CI[23.1,0.4], p = 0.043), but
not for t1 (MDiff = 6.97, 95%-CI[15.6, –1.69], p = 0.11) compared with the control group.

A two-way ANOVA determined no significant interaction between the study groups
and MP on rHb, F(1, 56) = 0.003, p = 0.959, partial η2 < 0.01. There was a significant main
effect for the study groups on rHb, F(1, 56) = 20.06, p = 0.037, partial η2 = 0.26, but not for
MP, F(1, 56) = 0.076, p = 0.783, partial η2 < 0.01. According to Tukey’s HSD test, the MFR
group showed significantly higher SO2 for t1 (MDiff = 10.1, 95%-CI[16.8, 3.39], p = 0.043),
and for t2 (MDiff = 10.3, 95%-CI[16.8, 3.82], p = 0.003) compared with the control group.

Descriptive statistics for the group differences after treatment are shown in Table 2
and Figure 4.

Table 2. Descriptive statistics.

95% Confidence Interval of Mean

Outcome Time Group n Mean ± SD Lower Bound Upper Bound

Flow t1 MFR 15 16.20 ± 13.30 8.84 23.56
PLC 15 −15.40 ± 16.10 −22.68 −8.12

t2 MFR 15 34.40 ± 17.40 24.79 44.01
PLC 15 −14.30 ± 13.70 −21.87 −6.73

SO2 t1 MFR 15 6.78 ± 14.80 −1.42 14.98
PLC 15 −0.19 ± 7.00 −4.06 3.68

t2 MFR 15 12.20 ± 19.40 1.50 22.90
PLC 15 0.51 ± 9.08 −4.52 5.54

rHb t1 MFR 15 6.56 ± 8.11 2.10 11.08
PLC 15 −3.51 ± 9.74 −8.91 1.89

t2 MFR 15 7.33 ± 8.24 2.76 11.90
PLC 15 −3.00 ± 9.14 −8.06 2.06

Values show relative changes in percent compared to baseline measurement. SO2, oxygen saturation; rHb, relative
hemoglobin; AU, arbitrary units; SD, standard deviation; n, number.

3.2. Secondary Objectives: Influence of Thoracolumbar Fascia Morphology and Physical Activity
on Microcirculation in Lumbar Tissue and Their Correlations

The ICC between the TLFM raters showed excellent agreement, ICC = 0.98, 95%-
CI[0.93, 0.98], F(29, 59.8) = 24.4, p < 0.0001.

A three-way ANOVA determined no significant interaction between TLFM, group 1:
very disorganized (n = 5), group 2: somewhat disorganized (n = 7), group 3: somewhat
organized (n = 9), group 4: very organized (n = 9), IPAQ, group 1: no sport (n = 9), group 2:
normal (1–3 h per week; n = 8), group 3: sporty (4–7 h per week; n = 4), group 4: performer
(>8 h per week; n = 11), and BMI, on the lumbar myofascial BF, F(3, 21) = 2.13, p = 0.117,
partial η2 = 0.31. There was a significant main effect of TLFM on BF, F(3, 21) = 11.70,
p < 0.001, partial η2 = 0.65, but not of IPAQ, F(2, 21) = 0.72, p = 0.551, partial η2 = 0.10, or
BMI, F(7, 12) = 0.62, p = 0.73, partial η2 = 0.27. Results of the Tukey’s HSD are shown in
Table 3.
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Figure 4. Relative changes in percent compared to baseline measurement. For better readability, the
error bars are only shown on one side and represent the standard deviation. t0, baseline measurement;
t1, measurement after treatment; t2, measurement 40 min after treatment; SO2, oxygen saturation; rHb,
relative hemoglobin. Group differences, significant at the level * p < 0.05, ** p < 0.01, **** p < 0.0001.

Table 3. Influence of thoracolumbar fascia morphology on blood flow in lumbar tissue.

95% Confidence Interval of Mean

TLF Groups Mean (AU) Lower Bound Upper Bound p (Adj.)

1 (n = 5) 2 (n = 7) 0.91 −26.7 28.5 1
1 (n = 5) 3 (n = 9) 31.0 4.66 57.3 0.0167
1 (n = 5) 4 (n = 9) 75.2 48.9 102 <0.0001
2 (n = 7) 3 (n = 9) 30.1 6.28 53.8 0.0093
2 (n = 7) 4 (n = 9) 74.3 50.5 98.1 <0.0001
3 (n = 9) 4 (n = 9) 44.2 22.0 66.5 <0.0001

Tukey’s HSD is shown. TLF thoracolumbar fascia morphology, AU arbitrary units, SD standard deviation,
n number, adj. adjusted.

A three-way ANOVA determined no significant interaction between TLFM, IPAQ,
and BMI on the lumbar myofascial blood oxygen saturation (SO2), F(3, 21) = 1.95, p = 0.153,
partial η2 = 0.22. There was a significant main effect of TLFM on SO2, F(3, 21) = 4.46,
p = 0.014, partial η2 = 0.39, but not for IPAQ, F(2, 21) = 2.50, p = 0.106, partial η2 = 0.19,
or BMI, F(7, 12) = 1.23, p = 0.360, partial η2 = 0.42. According to Tukey’s HSD test, the
TLFM group 4 showed significantly higher SO2 (MDiff = 22.7, 95%-CI[6.0, 39.4], p < 0.0049)
compared with TLFM group 2.
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A three-way ANOVA determined no significant interaction between TLFM, IPAQ,
and BMI on the lumbar myofascial rHb, F(3, 21) = 0.23, p = 0.875, partial η2 = 0.03. There
was no significant main effect of TLFM on rHb, F(3, 21) = 0.55, p = 0.657, partial η2 = 0.07,
of IPAQ, F(2, 21) = 0.34, p = 0.335, partial η2 = 0.03, and of BMI, F(7, 12) = 0.30, p = 0.941,
partial η2 = 0.15. The changes in lumbar microcirculation for the different TLFM groups are
shown in Figure 5.

2

the PLC group. In the PLC group, the BF decreased actually by 215.4%, which was ex-

Figure 5. Changes in lumbar microcirculation between the thoracolumbar fascia morphology groups
(group 1: very disorganized (n = 5), group 2: somewhat disorganized (n = 7), group 3 somewhat
organized (n = 9), group 4: very organized (n = 9)). SO2, oxygen saturation; rHb, relative hemoglobin;
AU, arbitrary units. Error bars represent the standard deviation. Significant at the level * p < 0.05,
** p < 0.01, **** p < 0.0001.

There was a strong, positive correlation between TLFM and IPAQ (d = 0.68, 95%-
CI[0.51, 0.85], p < 0.0001), and a strong, negative correlation between TLFM and BMI
(r(28) = −0.83, p < 0.0001).

4. Discussion

Examination of the primary objective of the study revealed that MFR treatment had a
significant effect on BF (p = 0.026). The BF was 31.6% higher in the MFR group than in the
PLC group. In the PLC group, the BF decreased actually by −15.4%, which was expected
under almost resting conditions with only gentle PLC touch. After the 60 min follow-up
measurement, BF increased further by 48.7% in the MFR group compared with the PLC
group, whereas BF remained relatively constant in the PLC group. No interaction effects
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were found for SO2 and rHb with respect to MP (all p > 0.500), but there were significant
group differences between the MFR and PLC groups (all p < 0.037). It can be assumed that
these changes were mainly caused by the BF increase, which also improves oxygen and
erythrocyte supply in myofascial tissue.

MFR treatment induced a much higher force on the treated area through pressure,
traction, and stretching of the myofascial tissue than the lighter PLC touch. Therefore, in
addition to altering skin receptors, MFR techniques could also stimulate free nerve endings
with mechanoceptive, nociceptive, autonomic, and vascular functions in the fascial tissue
under the skin. In contrast, the much gentler touch of PLC treatment likely affects only
skin receptors [5,16,25,26].

Hoheisel et al. [16] and Mense [5] described mechanosensitive varicosities (axonal
widenings storing neuropeptides and neurotrophins) in free nerve endings of TLF inner-
vating their arterioles. Mechanical stimuli release these contents, leading to vasodilation
of adjacent arterioles and an increase in BF [5]. The TLF is rhombically pervaded by this
dense nerve network [7]. The deformation of the TLF and altered morphology probably
also affect blood vessels as well as free nerve endings and could lead to changes in muscle
tone, fluid delivery, and other neurological effects that were probably positively influenced
by the intervention in this study [25,26,47].

One of the participants from the PLC group suffered from acute nLBP (pain score
10 on the visual analog scale (VAS)) four weeks after the study. In this individual case,
the ultrasound image of TLF morphology changed within 10 days after MFR treatment
(Figure 6). This was surprising, as it would be expected that a change in tissue structure
would take more time [48]. Although this case is not representative, it provides interesting
food for thought regarding the mechanisms behind this improvement in morphology. The
patient showed some adhesions between fascial layers and an undulating, disorganized
structure of the posterior TLF layer, which completely disappeared 10 days after MFR
treatment. Strikingly, the patient was also pain-free at this follow-up (pain score 0 on the
VAS). The TLF is associated with many muscles (e.g., latissimus dorsi, gluteus maximus,
externus oblique, posterior serrati, and erector spinae muscles) and is also stretched and
deformed by them [7]. In addition, the TLF is also capable of altering its stiffness by
contractile fibroblasts and myofibroblasts within its own tissue [3]. Therefore, adhesions
within the fascial layers and imbalanced muscle tensions likely deform both the TLF and the
thin, delicate blood vessels and nerve network within it. MFR treatment could counteract
some of these mechanisms. Future work investigating the potential ability of the TLF to
change its morphology in response to mechanical stimuli is therefore of particular interest.

In this study, the TLFM for the secondary objectives was visually evaluated by three
independent raters and classified into four morphology groups according to De Coninck
et al. [20]. The ICC between raters was excellent (ICC = 0.98) and consistent with the
previous studies on which the criteria for TLFM interpretation were based [20,41].

There were no interactions between TLFM, IPAQ, BMI, and BFD (all p > 0.12). Because
BMI had no influence on the measurement and the inclusion criteria allowed only a
maximum DER and SAT thickness of 7 mm, it can be assumed that BFD originated mainly
from the myofascial lumbar tissue and not only from the DER or SAT. Only TLFM had a
significant effect on BF and SO2 but not on rHb. However, the standard deviation between
the more organized groups was large, making the differences questionable in terms of
clinical relevance, despite statistical significance. However, even larger mean differences
with non-overlapping 95%–CI were observed between disorganized (group 1 or 2) and
very organized TLF (group 4) > 74 AU. Whereas BF and SO2 increased almost linearly
from group 2 to 4, rHb remained relatively constant. This could be interpreted as an
increase in blood velocity due to better flow properties of erythrocytes in the vessels [49].
The O2C device measures mainly venous capillary blood. Thus, the results suggest that
tissue disorganization in the TLF results in poorer flow properties, especially in the venous
drainage system [50].
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Figure 6. Thoracolumbar fascia of a patient with acute lumbar back pain. The red circles show
adhesions 24 h after the lumbago, likely causing the posterior layer to take on an undulating shape
that was classified as “somewhat disorganized” (a). 10 days after myofascial release treatment,
the adhesions disappeared and the pain subsided completely. The fascia was then rated as “very
organized” (b). *DER, dermis; *SAT, subcutaneous adipose tissue; *TFL, thoracolumbar fascia; *ES,
erector spinae; ROI, region of interest, zones rated.

Some studies have shown that hypoxia following circulation restriction can induce
inflammation and apoptosis, leading to fascial degeneration [5,16,22,24]. Hoheisel et al. [16]
and Mense [5] found a significantly increased density of substance p-positive fibers in
inflamed rat TLF. These fibers are generally considered to be nociceptive [51] and could
lead to higher pain sensitivity. In addition, there is evidence for a higher density of im-
munoreactive calcitonin gene-related peptide fibers in inflamed TLFs, which are described
as partially mechanoreceptive and partially nociceptive and are most abundant within the
TLF [5,16]. This could enhance both nociceptive sensitivity and impaired proprioceptive
functions. Therefore, future studies focusing on the relationship between blood circulation,
inflammation, and degeneration of the TLF versus altered sympathetic, proprioceptive, and
nociceptive innervation are promising in terms of factors contributing to the development
of nLBP.

Somers’ D showed a strong positive correlation between TLFM and IPAQ (D = 0.68)
and Spearman’s Rho an even stronger negative correlation between TLFM and BMI
(r = −0.83). This was expected by the authors, as there were some preliminary results
suggesting such an assumption [18,52]. There is also evidence that PA level is associated
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with nLBP [53]. However, Wakker et al. [54] found no correlations between sex, BMI,
IPAQ, and TLF elasticity in 267 healthy participants. This is contrary to the authors’ hy-
pothesis that a more disorganized TLF (which is correlated with BMI and IPAQ) leads
to tissue degeneration, lower shear mobility, and also lower elasticity, which has also
been shown in previous studies with symptomatic subjects [19,52]. It could therefore be
hypothesized that variables such as BMI and IPAQ affect TLF differently in healthy people
and people with nLBP. Future work investigating the relationship between variables such
as BMI and IPAQ in different modalities (e.g., healthy vs. subjects suffering from nLBP) is
strongly recommended.

The study presented here fulfilled the criteria of a randomized control trial. However,
due to the fact that the study was conducted within the context of an ongoing manual
therapy praxis, the examination and intervention was made by only one investigator.
Therefore, the investigator could not be blinded against sham or MFR treatment. However,
participants and statisticians were blinded against these modalities. A previous study from
the authors, using a similar methodology could therefore reach 8 of 10 points at the PEDro
scale reviewed by a meta-analysis [4,55].

Recent research indicates that the IPAQ tends to underestimate or overestimate items
related to sitting in its questionnaire [36], while good reliability is attested for other
items [56]. Therefore, to avoid an alleged bias of the IPAQ, it is recommended for subse-
quent work to complement the PA assessment with smart trackers that provide information
on sedentary activities [38].

Today, no general expert consensus on TLFM exists. The assessment of this variable in
this investigation is based on two studies with relatively small cohort sizes of 30 investigated
study participants and 30 observers in one [20] and 30 participants and one observer in
the other [43]. However, both studies found excellent ICC between and within assessors.
In this work, TFLM was studied by three blinded, experienced raters. They also agreed
with an excellent ICC of 0.98. It can be assumed that at least very disorganized and very
organized TFL can be distinguished from each other, which could be confirmed by the
significant results between these groups.

The O2C device measures at a tissue depth of up to 8 mm, depending on the fiber
optic probe used. It cannot be generally assumed that this arrangement allows BFD to be
derived exclusively from the TLF. Participants with a DER and SAT greater than 7 mm thick
were excluded. To further minimize the influence of increased adipose tissue, a three-way
ANOVA was performed to additionally determine the influence of BMI. Because there
were no such interactions between BFD and BMI, and based on the dense optical properties
of TLF, it is likely that most BFD originated from fascial tissue rather than muscle tissue.
However, it is also possible that some of the BFD originates from muscle tissue, which must
be added to the TLF BFD. Therefore, in this study, the term “myofascial” BFD was used
throughout and no differentiation was made between TLF and muscle.

The results of this study should be viewed in light of the objective as, to the authors’
knowledge, this is the first study to examine the effects of TFLM, PA, pain, and MFR
on BFD and to compare them with a sham intervention. The results show that TFLM,
IPAQ, and BMI have a critical impact on TLF BFD. The authors further hypothesize that a
possible mechanism behind the treatment effects may be that higher pressure, traction, and
stretching stimulates the free nerve endings with mechanoceptive, nociceptive, autonomic,
and vascular functions in the fascial tissue under the skin, as opposed to the much gentler
touch of sham treatment.

5. Conclusions

MFR treatment significantly increased BF by 31.6% immediately after the procedure
and by 48.7% at 60 min follow-up compared with the PLC group. SO2 and rHb also
increased in the MFR group following BF. TLFM, IPAQ, and BMI showed strong corre-
lations with BFD. Circulatory restrictions could lead to hypoxia-induced inflammation,
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which likely causes pain and impaired proprioceptive function and may contribute to the
development of nLBP.

Dysfunction of blood vessels and free nerve endings, which are presumed to be
positively associated with TFLM, were likely positively affected by the intervention in this
study. This may offer a new perspective for the prevention and also the treatment of low
back pain by broadening the focus to the fascial organization, but it needs to be further
clarified in subsequent studies.
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Abstract 
Recently, it has been shown that the extramuscular connective tis-
sue (ECT) is likely involved in delayed onset muscle soreness 
(DOMS). Therefore, the aim of the present study was to investi-
gate the effects of maximal trunk extension eccentric exercise 
(EE) on ECT thickness, self-reported DOMS, ECT stiffness, skin 
temperature, and possible correlations between these outcomes. 
Healthy adults (n = 16, 29.34 ± 9.87 years) performed fatiguing 
EE of the trunk. A group of highly active individuals (TR, n = 8, 
> 14 h of sport per week) was compared with a group of less ac-
tive individuals (UTR, n = 8, < 2 h of sport per week). Ultrasound 
measurements of ECT thickness, stiffness with MyotonPro and 
IndentoPro, skin temperature with infrared thermography, and 
pain on palpation (100 mm visual analog scale, VAS) as a surro-
gate for DOMS were recorded before (t0), immediately (t1), 24 h 
(t24), and 48 h (t48) after EE. ECT thickness increased after EE 
from t0 to t24 (5.96 mm to 7.10 mm, p = 0.007) and from t0 to t48 
(5.96 mm to 7.21 mm, p < 0.001). VAS also increased from t0 to 
t24 (15.6 mm to 23.8 mm, p < 0.001) and from t0 to t48 (15.6 mm 
to 22.8 mm, p < 0.001). Skin temperature increased from t1 to t24 
(31.6° Celsius to 32.7° Celsius, p = 0.032) and t1 to t48 (31.6° Cel-
sius to 32.9° Celsius, p = 0.003), while stiffness remained un-
changed (p > 0.05). Correlation analysis revealed no linear rela-
tionship between the outcomes within the 48-hour measurement 
period. The results may confirm previous findings of possible 
ECT involvement in the genesis of DOMS in the extremities also 
for the paraspinal ECT of trunk extensors. Subsequent work 
should focus on possible interventions targeting the ECT to pre-
vent or reduce DOMS after strenuous muscle EE. 
 
Key words: DOMS, ultrasound, connective tissue, eccentric ex-
ercise. 

 
 
Introduction 
 
Recent studies have shown that extramuscular connective 
tissue (ECT), referred to as deep fascia, may be involved 
in delayed onset muscle soreness (DOMS; Wilke et al., 
2022; Tenberg et al., 2022). Traditionally, most research 
on DOMS focused exclusively on skeletal muscle and as-
sumed that it was a process involving sarcomere damage 
(Fridén et al., 1981), lactate production (Gleeson et al., 
1998), or free radicals (Close et al., 2004). However, there 
is a lack of evidence that these mechanisms are involved in 
the development of pain in the pathogenesis of DOMS, 

which brought the deep fascia surrounding the muscles into 
the focus of research (Vincent and Vincent, 1997; Newton 
et al., 2008; Wilke et al., 2022; Tenberg et al., 2022). 

The ECT is characterized by a close mechanical re-
lationship with the adjacent muscle , which allows force 
transmission between these myofascial tissues (Ajimsha et 
al., 2022). Here, fascia is considered to be a support in han-
dling heavy loads on the muscle by distributing and absorb-
ing mechanical forces (Wilke et al., 2018). Specifically, the 
thoracolumbar fascia (TLF) wraps around the underlying 
erector spinae (ES) muscle in the lumbar region (in addi-
tion to their multilayered architecture and multiple connec-
tions to other anatomical structures) and may help the mus-
cle produce a higher and/or more precise force (Bojairami 
and Driscoll, 2022; Brandl et al., 2022). Fascia is not just a 
packaging organ, however. For example, the TLF is highly 
innervated and most of the free nerve endings appear to 
have a nociceptive,  proprioceptive or autonomic regula-
tory function (Mense, 2019; Schleip and Stecco, 2021). 

It has been previously found that untrained and re-
sistance-trained participants experience almost the same 
degree of DOMS after a similar maximal eccentric exercise 
(EE) protocol (Vincent and Vincent, 1997; Newton et al., 
2008). However, plasma creatine kinase activity, which is 
a marker of muscle damage, was increased 20-fold in un-
trained participants compared to trained participants (New-
ton et al., 2008). Thus, the authors already argued 25 years 
ago that muscle soreness is not a good correlate to pre-
sumed muscle damage and that other mechanisms must 
cause DOMS (Vincent and Vincent, 1997; Newton et al., 
2008). 

A systematic review found that structural fascial 
damage is present in approximately one-third of all muscle 
injuries (Wilke et al., 2019) and most of these are due to 
excessive muscle stretching during eccentric contractions 
(Wilke et al., 2022). A study by Tenberg et al. (2022) that 
examined thickening of the ECT during an eccentric exer-
cise (EE) protocol is consistent with these findings. They 
observed a significant increase in ECT thickness of the bi-
ceps brachii after heavy eccentric loading and concluded 
that this was likely due to edema and swelling resulting 
from fascial micro-injury. Wilke et al. (2022) reported a 
significant increase in ECT stiffness of the biceps femoris 
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muscle after EE and also linked this response to micro-in-
jury induced edema. Moreover, both studies found an as-
sociation between thickening or stiffness increase and 
higher levels of self-reported DOMS. In contrast, the mus-
cle does not appear to increase in thickness after EE (Vieira 
et al., 2018). However, these studies, like most research ex-
amining DOMS, focused on muscles and connective tissue 
of the extremities, such as the elbow or knee flexors (Wilke 
et al., 2022; Tenberg et al., 2022), and few studies ad-
dressed the paraspinal muscles (Hanada et al., 2022). 

Recent studies have observed an increase in thermo-
graphic skin surface temperature during DOMS and have 
linked it to muscle damage (da Silva et al., 2021; Dindorf 
et al., 2022). As described earlier, there is a lack of evi-
dence for such a mechanism. Therefore, inflammation 
caused by microinjury may be present in fascial tissue ra-
ther than muscle (Vincent and Vincent, 1997; Newton et 
al., 2008). 

The recruitment strategies of the ES might be nega-
tively altered during DOMS and reduce the ability of the 
muscles to counteract movement perturbations (Abboud et 
al., 2021). A study by Brandl et al. (2022) showed that TLF 
may have an effect on ES recruitment during tasks involv-
ing paraspinal muscles under pathological conditions. 
They suggested an underlying mechanism of ECT stiffen-
ing associated with a loss of shear capacity of the TLF and 
ES. In a recent study, a strong negative correlation was 
found between the deformability of the TLF and the per-
formance achieved in the deadlift. This was highest in ath-
letes who regularly trained with lifting tasks (A. Brandl et 
al., 2023). The cause-effect triangle between lower deform-
ability, stiffness increase and swelling due to edema of the 
ECT is therefore of particular interest. 

The aim of this study was to investigate the effect 
of an EE protocol on ECT thickening in DOMS. We hy-
pothesized an increase of ECT thickness, e.g., as a result of 
swelling and edema (H1), self-reported DOMS (H2) and 
myofascial stiffness (H3), as well as likely inflammation 
would increase skin temperature (H4). We further assume 
that there is no difference between untrained and trained 
participants in ECT thickness and self-reported DOMS 
(H5), and that self-reported DOMS is correlated with ECT 
thickness and myofascial stiffness (H6). 
 
Methods 
 
The article was a matched-pairs study of a maximal trunk 
extensor eccentric exercise protocol using repeated-
measures, between-within-subject design. The study proto-
col was prospectively registered with the German Clinical 
Trials Register (DRKS00031201). The study, which ad-
hered to the STROBE Statement, was reviewed, and ap-
proved by the ethical committee of the Diploma 
Hochschule, Germany (Nr.1065/2023). It was conducted in 
accordance with the declaration of Helsinki (World Medi-
cal Association., 2013) and all participants provided writ-
ten informed consent. 
 
Setting and participants 
The study was conducted in a school of physiotherapists, 
in a medium-sized city in middle Germany. The number of 

participants was calculated based on two studies measuring 
deep fascia thickening and palpation pain after maximal ec-
centric exercises (Cohen9s f = 0.35, ³ err = 0.05, 1-³ err = 
0.8) and was set at 14 (Wilke et al., 2022; Tenberg et al., 
2022). Assuming a drop-out rate of 15%, n = 16 partici-
pants (8 matched pairs) were included. The acquisition was 
carried out via direct contact, a notice board, and the distri-
bution of information material in the school. The study 
groups consisted of highly physically active (trained) par-
ticipants (TR; n = 8) and minimally physically active (un-
trained) participants (UTR; n = 8). Group members were 
matched by age (±5 years), sex, and BMI (2 classes: "nor-
mal," BMI between 18.5 - 24.9; "pre-obesity," BMI be-
tween 25.0 - 29.9). 

Inclusion criteria were: (a) generally healthy consti-
tution; (b) BMI between 18 and 29.9; (d) female or male 
participants aged 18 to 50 years; (e) for TR, a score on the 
International Physical Activity Questionnaire (IPAQ) 
(Meh et al., 2021) of more than 14 hours of strenuous ex-
ercise per week and for UTR, less than 2 hours per week. 

Exclusion criteria were: (a) generally valid contra-
indications to exhausting trunk extension exercises (i.e., 
fractures, tumors, infections, severe cardiovascular, neural, 
and metabolic diseases); (b) pregnancy; (c) rheumatic dis-
eases; (d) taking medication that affects blood circulation, 
pain or mind; (e) taking muscle relaxants; (f) skin changes 
(e.g. neurodermatitis, psoriasis, urticaria, decubitus ulcers, 
hematoma); (g) overuse disorders, surgery or other scars in 
the lumbar region; (h) previous mental illness; (i) surgery 
in the last three months; (j) acute inflammation. 

The investigators and statisticians were blinded to 
the group membership of the participants. 
 
Eccentric exercise protocol 
Using a back extension bench (Finnlo Tricon, Hammer 
Sport AG, Neu-Ulm, Germany), participants bend their 
trunk from the starting position parallel to the floor into a 
40° flexion position for 3 seconds and then return it to the 
starting position as quickly (ca. 1 second) as possible (Fig-
ure 1 A). The set consisted of 25 repetitions of trunk flex-
ion3extension with a rest period in flexion position of 10 
seconds (Figure 1 B). The sets were repeated under time 
announcement of the examiner until the participants could 
not continue the exercise. 
 
Outcomes 
Extramuscular connective tissue (ECT) thickness (H1), 
self-reported DOMS (H2), Myofascial stiffness with the 
MyotonPro device (H3) and skin temperature (H4) were 
measured before (t0), immediately after EE (t1), and one 
day (t24) and two days (t48) consecutively. Indentometrical 
myofascial stiffness (H3) was assessed at time points t0, t24, 
and t48 (Figure 1 C). 
 
Extramuscular connective tissue thickness 
High resolution ultrasound (US) measurement (Philips Lu-
mify linear transducer L12 - 4, 12 MHz; Philips Ultrasound 
Inc., Bothell, WA) was used to evaluate ECT thickness. 
Participants lay prone on a treatment table. First, the trans-
vers process of the second lumbar vertebra was located 
with a display depth of 6.5 cm. The transducer was then 
placed 4 cm lateral of the spinous processes at that height. 
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Figure 1. Excentric exercise. A Schematic drawing of the exercise. B Protocol for excentric exercise. C Experimental schedule. 
EE, excentric exercise; s, second; t0, baseline; t1, post-exercise; t24, 24 h after exercise; t48, 48 h after exercise; * (green arrow), ECT 
thickness, self-reported DOMS, myofascial stiffness measured with MyotonPro device, and skin temperature measurement;   (blue 
arrow), indentometrical myofascial stiffness. 

 
An artificial shadow was created in the US image using a 
4 mm wide plastic adhesive tape placed on the skin at the 
center of the image section, which served as a reference for 
the subsequent measurement (Mohr et al., 2021). To avoid 
measurement uncertainties due to varying pressure to the 
inside of the transducer, the force of the transducer on the 
gel-wetted skin was kept constant at 1 N ± 0.2 N. For this 
purpose, a force gauge (ZP-50N, Baoshishan Electronic 
Ltd., China) was attached to the transducer with a custom-
made bracket and held in a vertical position with a spirit 
level. This method has also been described in detail by 
Ishida et Watanabe (Ishida and Watanabe, 2012) and Jafari 
et al. (Jafari et al., 2018) and has shown high interrater re-
liability (ICC 0.84 - 0.96) (Bartsch et al., 2023). Acquisi-
tion of three static images was performed when the deep 

fascia was clearly visible as a hyperechoic region over the 
ES with a display depth of 3 cm. All images were immedi-
ately visually inspected for artifacts such as beam width or 
echo, and if necessary, the image was repeated. 

ImageJ software (Image J 1.53t, USA) was used to 
calculate the ECT thickness. In each of the US images, four 
regions of interest (ROIs) were defined once at the left and 
right edges of the shadow of the artificial reference and 1 
cm adjacent to each (Figure 2A, 2B). The average of the 
ROIs in all three images was chosen to determine the ECT 
thickness. Previous studies have shown that measuring fas-
cia thickness using Image J with three averaged images 
achieves high inter- and intraday reliability (ICC 0.86 - 
0.98) (Cheng et al., 2012), and that reliability increases 
with the number of ROIs (Bisi-Balogun et al., 2016). 

 
 

 
 
 

Figure 2. High resolution ultrasound and thermography assessment. A Pre-measurement ECT thickness. B 48 h-measurement ECT thick-
ness. C Outcomes (error bars show the non-parametric 95% confidence interval). D Post-exercise-measurement skin temperature. E 48 h-measurement 
skin temperature. *REF, artificial reference by adhesive tape; *DER, dermis; *SAT, subcutaneous adipose tissue; *TLF, posterior layer of the thora-
columbar fascia; *ES, erector spinae muscle; ECT, extramuscular connective tissue; t0, baseline; t1, post-exercise; t24, 24 h after exercise; t48, 48 h 
after exercise. 
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Self-reported DOMS 
The method of Lau et al. (Lau et al., 2015) was used to 
quantify DOMS. Here, an investigator palpated the ES at 
the level of the tape marking in longitudinal direction and 
applied a pressure of about 400 kPa with the tips of the 
middle and index fingers of the right hand, which was re-
peated for three times. A 100-mm analog scale (VAS) was 
used to ask participants to indicate the level of pressure 
pain. Thereby, 0 indicates no pain and 100 indicates maxi-
mum pain. The experimenter was trained with a force 
gauge prior to data collection to ensure that the correct 
pressure was applied with at least 5% variation between 
trials (Lau et al., 2015). 
 
Myofascial stiffness 
Myofascial stiffness was measured using a digital inden-
tometer (IndentoPro, Fascial Research Group, University 
of Ulm; Institute of Human Movement Sciences, Univer-
sity of Chemnitz, Germany) with an indentation depth of 8 
mm and a circular probe with a diameter of 11.3 mm. It 
was assumed that deeper myofascial tissue, which is likely 
to be more affected by muscle stiffness, could be measured 
under these measurement conditions (Bartsch et al., 2023). 
Another digital palpation device (MyotonPro, MyotonAS; 
Tallinn, Estonia) with a 3-mm-diameter probe and a shal-
lower indentation depth when applied at 0.18 N was used 
to determine likely higher, subcutaneous, or fascial tissue 
(Bartsch et al., 2023). Three measurements were taken with 
these instruments at the level of the transverse process of 
L2 (marked with the tape) for each participant at every 
measurement time point. Both instruments are considered 
highly reliable and showed highest interrater reliability 
(ICC 0.75 - 0.99) and validity (r 0.97 - 0.99) (Bartsch et al., 
2023). 
 
Infrared thermography 
An infrared thermographic camera with a resolution of 256 
× 192 with a total of 49,152 pixels (Hikmicro W-Pocket2, 
Hikmicro Sensing Technology Ltd., Hangzhou, China) 
was used to measure skin temperature with a noise equiva-
lent temperature difference (NETD) < 0.04 °C and a meas-
urement uncertainty of ±2° Celsius or 2%. At least 10 min 
before the assessments, the camera was turned on to allow 
the electronic components to stabilize. Images were taken 
at a distance of 1 m from the lumbar region with perpen-
dicular lens alignment. All images were taken while partic-
ipants were standing still and muscles were exposed. To 
ensure adequate adaptation to room temperature, a 10 min 
acclimatization period was first given. An anti-reflection 
plate was placed behind the participant to avoid interfer-
ence from radiation emanating from a non-neutral back-
ground. Software (Hikmicro Analyzer v1.2.0.3, Hangzhou 
Microimage Software Ltd., China) was used to define two 
rectangular ROIs to the left and right of the ES, from the 
12th rib to the iliac crest (Figure 2 D, 2 E). The approxi-
mate pixel number of the ROIs was 3300, and the mean 
value of the skin temperature data was based on the average 
of the values for the pixels within the ROIs. All thermal 
images were acquired in a thermally controlled environ-
ment: Room temperature 23.0 ± 1.5 °C and humidity 48.5 
± 2.0%. All image acquisitions were performed by the 

same researcher according to the TISEM checklist 
(Moreira et al., 2017). Infrared thermography with aver-
aged temperature measurement of ROIs has been shown to 
be highly reliable (ICC 0.86 - 0.98) (Bouzas Marins et al., 
2014; Fernández-Cuevas et al., 2015). 
 
Statistical analysis 
Mean, standard deviation, 95% confidence interval (95% 
CI), median, and interquartile range were determined for 
all parameters. 

The ICC within the rater of ECT thickness meas-
ured by high resolution ultrasound, 95% CI, and minimal 
detectable changes (MDC) (Furlan and Sterr, 2018) were 
calculated using the R package "irr" version 0.84.1 based 
on a 2-way mixed-effects model with absolute agreement. 
Variables were normally distributed as assessed by the 
Shapiro-Wilk test (p > .05). Resulting ICC values were in-
terpreted according to Fleiss (Ref) as 8poor9 (< 0.4), 8fair 
to good9 (0.4 to 0.75), and 8excellent9 (> 0.75). 

Friedman tests for omnibus comparisons and Dur-
bin-Conover tests for pairwise post hoc comparisons were 
used for outcomes for violation of the assumptions for par-
ametric testing (ECT thickness, H1; palpation pain, H2; 
stiffness (H3); skin temperature (H4); TR/UTR compari-
sons of ECT thickness, H5). Kendall9s coefficient of con-
cordance (W) was calculated for effect size. Repeated 
measures ANOVA and pairwise comparisons were per-
formed with Bonferroni correction for parametric out-
comes (TR/UTR comparisons of palpation pain, H5). 

Partial Spearman correlation coefficients adjusting 
for baseline covariates (sex, age, BMI) were calculated for 
the non-normally distributed data assessed with the 
Shapiro-Wilk test (p < 0.05) to detect possible relationships 
between the changes of ECT thickness, myofascial stiff-
ness, and self-reported pain (H6). Significant resulting val-
ues were interpreted according to Cohen [44] as 8weak9 (> 
0.09, < 0.30), 8medium9 (> 0.29, < 0.50), and 8strong9 (>= 
0.50). 

All analyses were performed using Jamovi 2.3 (The 
jamovi project, https://www.jamovi.org). 
 
Results 
 
As per the a priori sample size calculation, 16 participants 
took part in the study. The baseline characteristics were 
(mean ± SD): age, 29.34 ± 9.87 years; height, 174 ± 12.9 
cm; weight, 72.25 ± 14.67 kg; Body Mass Index (BMI), 
23.63 ± 3.41 kg/m2. No adverse events or drop-outs were 
recorded. 

The ICC within the rater of the ECT thickness 
showed excellent agreement, ICC = 0.98, 95% - CI[0.96, 
0.99], F(15, 28) = 191, p < 0.001. The MDC was calculated 
based on the standard error of the mean (SEM), 0.26 mm 
with 0.72 mm. 

Significant changes over time were found for H1, 
ECT thickness (X2 = 17.2, p < 0.001, W = 0.36). Pairwise 
post hoc comparisons showed that ECT thickness was sys-
tematically higher at 24 h (5.96 mm to 7.10 mm, p = 0.007) 
and 48 h (5.96 mm to 7.21 mm, p < 0.001) after exercise 
(Figure 2C). 
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There were also significant changes over time for 
H2, self-reported DOMS (X2 = 33.9, p < 0.001, W = 0.71). 
Pairwise post hoc comparisons showed that DOMS was 
systematically higher at 24 h (VAS, 15.6 mm to 23.8 mm, 
p < 0.001) and 48 h (VAS, 15.6 mm to 22.8 mm, p < 0.001) 
after exercise (Figure 2C). 

No Significant changes over time were found for 
H3, myofascial stiffness, measured with MyotonPro (X2 = 
0.684, p = 0.877, W = 0.03) and measured with IndentoPro 
(X2 = 0.143, p = 0.931, W = 0.01). 

Skin temperature (H4) changed significantly over 
time (X2 = 8.89, p = 0.031, W = 0.19). Pairwise post hoc 
comparisons showed that skin temperature was systemati-
cally higher at 24 h (31.6 °C to 32.7 °C, p = 0.032) and 48 
h (31.6 °C to 32.9 °C, p = 0.003)  

compared to post-exercise measurement (Figure 2C). 
Repeated-measures ANOVA revealed no differ-

ences for the parametric outcome of ECT thickness be-
tween TR and UTR (H5), F(3, 21) = 0.57, p = 0.639, partial 
·² = 0.006. There was also no significant difference be-
tween TR and UTR in the Friedman test regarding the non-
parametric outcome of self-reported DOMS (H5), X2 = 
4.10, p = 0.251, W = 0.06. 

Partial Spearman correlation (H6) adjusting for 
baseline covariates (sex, age, BMI) showed no significant 
association between � ECT thickness (rs(14) = 0.328, p = 
0.274) or � myofascial Stiffness (rs(14) = 0.049, p = 0.819) 
and � self-reported DOMS. 

Descriptive statistics are presented in Table 1. Rel-
ative changes over time are shown in Figure 2C.

                        
                       Table 1. Descriptive statistics (n = 16). 

95% Confidence Interval
  Mean Lower Upper Median SD IQR 

ECT thickness (mm) 

t0 5.96 4.84 7.09 5.69 2.09 2.71 
t1 6.07 5.12 7.02 5.78 1.77 2.40 
t24 7.10 5.63 8.57 6.29 2.76 2.16 
t48 7.21 5.82 8.60 6.70 2.60 3.70 

Pain (VAS, mm) 

t0 0.15 -0.07 0.38 0.00 0.43 0.00 
t1 0.09 -0.10 0.29 0.00 0.37 0.00 
t24 2.37 1.58 3.16 2.50 1.48 1.87 
t48 2.28 1.12 3.43 1.75 2.16 2.37 

Stiffness (MyotonPro) 
(N/m)  

t0 331.01 289.23 372.79 334.00 78.41 101.43 
t1 329.57 271.53 387.61 301.75 108.92 122.50 
t24 321.93 285.35 358.51 334.50 68.64 108.87 
t48 320.23 284.50 355.97 329.50 67.06 104.12 

Stiffness (IndentoPro) 
(N/m)  

t0 1.83 1.57 2.09 1.89 0.46 0.56 
t24 1.91 1.62 2.19 1.90 0.54 0.82 
t48 1.73 1.49 1.97 1.58 0.43 0.69 

Temperature (°C) 

t0 32.38 31.61 33.15 32.63 1.44 1.47 
t1 31.58 30.83 32.33 31.75 1.41 1.75 
t24 32.70 31.99 33.41 33.02 1.33 1.83 
t48 32.94 32.10 33.78 32.75 1.58 2.48 

VAS, visual analogue scale; ECT, extramuscular connective tissue; SD, standard deviation; IQR, interquartile range; 
t0, baseline; t1, post-exercise; t24, 24 h after exercise; t48, 48 h after exercise. 

 
Discussion 
 
Some recent studies give reason to associate ECT with 
mechanisms of DOMS development (Wilke et al., 2022; 
Tenberg et al., 2022). However, these works focused on 
muscles and connective tissues in the upper and lower ex-
tremities and not on the paraspinal regions. To the best of 
the authors' knowledge, the present work is the first to ad-
dress the trunk, specifically the ECT of the ES and the my-
ofascial mechanisms behind EE-induced DOMS. 

One of the main findings of this study was a 23% 
relative increase in ECT thickness (H1) following EE. This 
may confirm the results of a previous study in which the 
ECT of the biceps brachialis increased in thickness by 13% 
after an EE protocol (Tenberg et al., 2022). Here, the values 
after 24 h (+1.14 mm) and 48 h (+1.25 mm) were also 
above the MDC of 0.72 mm, indicating that the increase in 
thickness was not random. Other researchers investigating 
these phenomena linked the thickening and increase in 
stiffness to edema and swelling caused by micro-injuries to 
the fascia (Wilke et al., 2022; Tenberg et al., 2022). The 
results of this study were able to confirm this hypothesis to 

a certain extent. However, neither indentometry at deeper 
penetration depths nor myotonometry at presumably more 
superficial tissues measured significant changes in stiff-
ness (H3). Therefore, at first glance, an alternative hypoth-
esis could be discussed. Exercise in general stimulates the 
production of hyaluronic acid (Mridha and Ödman, 1985). 
This alone would increase stiffness by increasing fluid vis-
cosity, but this is counteracted by the mechanical influence 
on viscosity and the decrease in stiffness due to the thixo-
tropic nature of hyaluronic acid (Pavan et al., 2014). Wilke 
et al. (2022) demonstrated a significant increase in stiffness 
after EE of the biceps femoris muscle using shear wave 
elastography. A recent reliability study found that stiffness 
changes of the posterior layer of the TLF, which was pref-
erentially measured in this study, could not be detected by 
perpenticular measurement with the IndentoPro or Myo-
tonPro device (Bartsch et al., 2023). Therefore, at this time, 
the authors tend to hypothesize that edema and swelling 
caused by fascial micro-injuries lead to thickening of the 
ECT and a subsequent increase in stiffness, which the de-
vices in this study (contrarily to elastography) were unable 
to measure. Therefore, further work with ultrasound        
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elastography is recommended to detect supposed stiffness 
changes in the ECT. 

Self-reported DOMS increased as expected, with 
the highest values at 24 h (+22.8 mm) and 48 h (+21.9 mm; 
Table 1) after EE (H2). Interestingly, the increase in palpa-
tion pain was almost at the same level in a previous study 
by Wilke et al. (2022) who used a similar protocol. Tenberg 
et al. (2022) demonstrated that this palpation pain was cor-
related with thickening of the ECT three days after EE. Alt-
hough this has been studied in the extremities, these mech-
anisms could also occur in the lumbar region. However, 
our study found no such correlations for shorter periods up 
to 48 hours (H6), but it might be possible that this would 
be the case if the follow-up period were longer and the 
tested sample larger. Further studies need to consider this, 
and it is recommended that longer follow-up periods up to 
at least 96 hours be included to detect such suspected cor-
relations. 

Skin temperature decreased immediately after EE (-
0.8 °C), but not significantly (H4). There was, however, a 
significant increase of 1.12 °C 24 h and 1.36 °C 48 h after 
EE compared to post-exercise measurement. Dindorf et al. 
(2022) found a decrease in skin temperature after exercise, 
but no interaction with muscle fatigue. This is consistent 
with other studies that examined a relationship between 
skin temperature and muscle fatigue and also found no sup-
port for such a relation (Priego-Quesada et al., 2020; Al-
burquerque Santana et al., 2022). In contrast, other studies 
that investigated skin temperature and DOMS reported an 
increase after EE in the following days (Fidut-WroEska et 
al., 2019; Priego-Quesada et al., 2020). Since fascial in-
flammation is known to cause an increase in skin tempera-
ture (Stecco et al., 2013; Pavan et al., 2014; Fidut-WroEska 
et al., 2019), the authors hypothesize that the thermograph-
ically observed results are likely caused by micro-injury 
induced inflammation that also leads to edema and swell-
ing. 

As expected, there were no significant differences 
between TR and UTR in terms of ECT thickness of self-
reported DOMS (H5). This is consistent with previous 
studies by Vincent and Vincent (1997) and Newton et al. 
(2008) and confirms previous findings on DOMS. Both 
groups, TR and UTR, perceived almost the same level of 
DOMS after similar EE. This study showed that ECT thick-
ening was also the same between these groups. Therefore, 
we hypothesized that changes in ECT rather than muscle 
(where mentioned studies found up to 20-fold higher crea-
tine kinase activity, which is a marker of muscle destruc-
tion after EE) lead to DOMS. 

The results of this study could have implications for 
coaches and sports professionals, especially in competitive 
sports where recovery time is a crucial factor for perfor-
mance. Infrared thermography has been proposed to mon-
itor the recovery of elite soccer players after a competitive 
season (Rodrigues Júnior et al., 2021). It could equally be 
a simple tool to monitor changes in skin temperature pre-
sumably indicative of inflammation after EE and identify 
appropriate new recovery strategies. In addition, ECT-
targeted treatments such as foam rolling, which has been 
shown to prevent fascial inflammation (Pablos et al., 
2020), or myofascial release techniques, which improve 

fascial mobility and microcirculation (Brandl et al., 2021; 
Brandl et al., 2023), are promising methods to recover after 
fatiguing EE. Finally, the ECT itself could be addressed 
through adapted exercises to prevent or reduce swelling, as 
it is known that the ECT is able to adapt to mechanical 
stress (Zügel et al., 2018). 

The results of this study must be seen in the light of 
some shortcomings. First, high-resolution ultrasound with 
a 12 MHz transducer was used to measure ECT thickness. 
It is well known that the measurement of tissue thickness 
with ultrasound is highly dependent on the pressure with 
which the transducer is pressed on the tissue and its angular 
variation between measurements (Ishida and Watanabe, 
2012; Porra et al., 2015). An attempt was made to solve 
this problem by using a defined force of 1 N ± 0.2 N and a 
spirit level to keep the settings constant. However, with 
three consecutive days of data collection, variations cannot 
be completely ruled out. Ishida and Watanabe (2012) re-
ported a measurement difference of 0.1 mm between 1 N 
and 2 N transducer pressure and give the ICC for a 4 to 10 
mm thickness measurement with 1 N as 0.98 - 0.99. The 
intrarater reliability for the US thickness measurement in 
this study also reached an ICC of 0.98 and a MDC of 0.72 
mm was calculated. The total ECT thickness increase here 
was 1.25 mm (5.96 mm to 7.21 mm). It can therefore be 
assumed with some confidence that the measurement pro-
cedure was reliable. In further studies, explicit control of 
interrater reliability should be considered. Second, the skin 
temperature increased significantly by 1.36° Celsius with 
DOMS and also exceeded the measurement error of 2%. 
However, with devices with lower measurement error, e.g., 
1% and higher resolution, even increased precision could 
be achieved. Finally, the sample size was relatively small. 
Maximally strenuous exercise is a demanding challenge 
even for healthy participants, particularly untrained indi-
viduals. Therefore, the required sample was carefully cal-
culated based on the effect sizes of two studies with a sim-
ilar protocol (Wilke et al., 2022; Tenberg et al., 2022). Sta-
tistical power was further increased by a matched-pairs de-
sign. Our results showed moderate to large effect sizes for 
ECT thickness measurements and self-reported DOMS, in-
dicating that the sample size chosen was large enough to 
reveal significant within-subject differences. 

 
Conclusion 
 
A maximal EE protocol for trunk extensors increased ECT 
thickness, skin temperature, and self-reported DOMS. This 
reinforces the hypothesis that extramuscular connective 
tissue is more of a factor in DOMS development than the 
muscle itself. Coaches and sports professionals should 
therefore consider addressing ECT through adapted exer-
cises to prevent or reduce DOMS after strenuous muscle 
EE. 
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Key points 
 
÷ Eccentric exercise increases the thickness of lumbar extra-
muscular connective tissue. 

÷ The results may confirm previous findings on the involve-
ment of fascia in DOMS. 

÷ A focus on fascial interventions for prevention or reduction 
of DOMS could be promising. 
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Thoracolumbar fascia deformation 
during deadlifting and trunk 
extension in individuals with and 
without back pain
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Background: Alterations in posture, lumbopelvic kinematics, and movement 

patterns are commonly seen in patients with low back pain. Therefore, 

strengthening the posterior muscle chain has been shown to result in 

significant improvement in pain and disability status. Recent studies suggest that 

thoracolumbar fascia (TLF) has a major impact on the maintenance of spinal 

stability and paraspinal muscle activity, and thus is likely to have an equal impact 

on deadlift performance.

Objective: Aim of the study was to evaluate the role of thoracolumbar fascia 

deformation (TFLD) during spinal movement in track and field athletes (TF) as well 

as individuals with and without acute low back pain (aLBP).

Methods: A case–control study was performed with n�=�16 aLBP patients (cases) 

and two control groups: untrained healthy individuals (UH, n�=�16) and TF (n�=�16). 

Participants performed a trunk extension task (TET) and a deadlift, being assessed 

for erector spinae muscle thickness (EST) and TLFD using high-resolution 

ultrasound imaging. Mean deadlift velocity (VEL) and deviation of barbell path 

(DEV) were measured by means of a three-axis gyroscope. Group di�erences 

for TLFD during the TET were examined using ANOVA. Partial Spearman rank 

correlations were calculated between TLFD and VEL adjusting for baseline 

covariates, EST, and DEV. TLFD during deadlifting was compared between groups 

using ANCOVA adjusting for EST, DEV, and VEL.

Results: TLFD during the TET di�ered significantly between groups. TF had the 

largest TLFD (237.6%), followed by UH (226.4%), while aLBP patients had almost 

no TLFD (22.7%). There was a strong negative correlation between TLFD and 

deadlift VEL in all groups (r�=�20.65 to 20.89) which was highest for TF (r�=�20.89). 

TLFD during deadlift, corrected for VEL, also di�ered significantly between groups. 

TF exhibited the smallest TLFD (211.9%), followed by aLBP patients (221.4%), and 

UH (231.9%).

Conclusion: TFLD maybe a suitable parameter to distinguish LBP patients and 

healthy individuals during lifting tasks. The cause-e�ect triangle between spinal 

movement, TFLD and movement velocity needs to be further clarified.

Clinical trial registration: https://drks.de/register/de/trial/DRKS00027074/, 

German Clinical Trials Register DRKS00027074.
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1. Introduction

�e deadli� is a widely used strength and conditioning exercise of 

many athletes, i.e., in track and �eld (1–3). Electromyography studies 

have shown that a variety of muscles in both, the lower and upper 

body are involved. Among these, the erector spinae (ES) and 

semitendinosus muscles exhibit the highest activations (4). Coaches 

rely on the deadli� not only because of the contribution of many large 

muscle groups, but also because of their simultaneous activation (5). 

�e neuromotor control of the entire kinematic chain and the 

management of signi�cant musculoskeletal loads require a great deal 

of coordinative e�ort. As a consequence, the frequent use of deadli�s 

can lead to multiple systematic adaptations (5).

Because altered posture, lumbopelvic kinematics, and movement 

patterns are o�en seen in low back pain patients, resistance training is 

typically recommended to improve functional status (6, 7). 

Strengthening the posterior chain, in conjunction with general 

exercise, has been demonstrated to signi�cantly improve pain and 

disability status (7, 8). In this regard, exercises that recruit multiple 

muscles of the posterior chain, such as the deadli�, seem to be most 

e�ective (8).

Panjabi (9) presented a model of the spinal stabilization system, 

which consists of three subsystems. Vertebrae with their disks and 

their ligaments, muscles and tendons attached to the spine, and the 

neural system. �e thoracolumbar fascia (TLF) and other components 

have been considered only as passive surrounding tissues, if at all (10, 

11). However, recent studies suggest that the TLF may have a much 

greater in�uence on the maintenance of spinal stability and likewise 

paraspinal muscle activity. Using magnetic resonance imaging-based 

�nite element analysis, Bojairami et al. (12) demonstrated that the TLF 

alone contributes 75% to spinal static stability.

Some studies suggest that the ability of the TLF to deform (in terms 

of stretching and relaxing) and slide on the epimysium of the erector 

spinae is a critical feature that distinguishes healthy individuals from low 

back pain patients (13–15). �is group of patients has 13.8% less shear 

strain (13) and 28% less TLF deformability (15) than healthy controls.

�e aim of this study was to investigate TLF deformation (TLFD) 

in athletes and non-athletes with and without acute low back pain 

(aLBP). Based on a previous study, we hypothesized that untrained 

aLBP patients (UaLBP) would have a lower TLFD than untrained 

healthy participants (UH) or track and �eld athletes [TF; Hypothesis 

1; (13)]. It was further hypothesized that a lower TLFD would correlate 

with a lower deadli� velocity (VEL) (Hypothesis 2). However, because 

of the di�erent groups, it was assumed that these examinations would 

also be in�uenced by the di�erent muscle training status of athletes 

and non-athletes and probably by di�erent movement patterns (e.g., 

pain avoidance in aLBP patients). �erefore, the analysis had to 

control for these group di�erences. It was thought that muscle training 

status, di�erent movement patterns, or VEL would in�uence TLFD 

during deadli� in the groups and, therefore, the adjusted TLFD would 

di�er from the unadjusted TLFD (Hypothesis 3).

2. Methods

We performed a case–control study with UaLBP patient cases 

and two control groups (athletes and pain-free adults). �e study 

protocol was prospectively registered with the German Clinical Trials 

Register (DRKS00027074). �e study, which adhered to the STROBE 

Statement, was reviewed, and approved by the ethical committee of 

the Diploma Hochschule, Germany (Nr.1014/2021). It was conducted 

in accordance with the declaration of Helsinki and all participants 

provided written informed consent.

2.1. Participants

�e study was performed in a center for manual and 

regenerative orthopedic medicine in a medium-sized city in 

southern Germany. �e sample size of the three groups was 

calculated based on data from a previous study comparing TLFD in 

UH and UaLBP (Cohen’s d = 1.2, ³ err = 0.05, 1–³ err = 0.9; 13). 

Assuming a drop-out rate of 5–10%, we enrolled n = 16 participants 

per group. Sex of participants was balanced (8 men and 8 women) 

in each group.

As outlined, cases were UaLBP. �e acquisition for the UaLBP 

group was carried out via direct contact, a notice board, and the 

distribution of information material at the center. One control group 

consisted of UH, while the other comprised TF athletes. �e UH 

group was recruited in a local school for manual health professions 

while the TF group were top national level TF athletes from the 

southern German TF base.

All participants were aged between 18 and 60 years. Further 

inclusion criteria for UaLBP were: acute lumbar back pain as 

defined by the European guidelines for the management of acute 

low back pain (16); minimum score of 10 on the Oswestry 

Disability Questionnaire [ODQ-D; (15)]; minimum score of 3 on 

the visual analog scale (VAS) for pain intensity; <6 weeks pain 

duration. Participants were eligible for TF if they qualified at least 

once for the German championships in the last 2 years, were 

active athletes of the southern German TF base, and had a 1 

repetition maximum (1RM) of no more than 130 kg. In the UH 

and UaLBP groups, participants had to be naive with regard to 

resistance training (not more than two exercise sessions 

per month).

Participants were excluded in case of contraindications to 

deadli� exercise; rheumatic diseases; intake of muscle relaxants or 

drugs a�ecting blood coagulation or drug treatment of endocrine 

diseases; skin changes (e.g., neurodermatitis, psoriasis, urticaria, 

decubitus ulcers); surgery or other scars in the lumbar region 

between �12 and S1; acute trauma; neurologic or psychiatric 

disorders, BMI < 18.5 or >34.9. Additional exclusion criteria for TF 

and UH were presence or history (no doctor or therapist visit in the 

past 5 years) of aLBP.
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2.2. Experimental protocol and outcomes

�e UaLBP group completed the ODQ-D (17) and determined 

their current pain level using the VAS. Participants in the TF group 

had su�cient experience in deadli�ing (checked by means of 

anamnesis and visual inspection by a quali�ed trainer) and knew their 

1RM from current training logs. However, all individuals were 

additionally familiarized with the used conventional deadli� (using 

an Olympic barbell, Rogue Fitness, Columbus, US) 2 weeks, 1 week, 

and 1 day prior to the actual data collection. �e conventional deadli� 

used was described in detail by Graham (1) and Farley (2). �e 

movement starts with the feet shoulder-width apart and an alternating 

barbell grip. �e �rst pull is initiated by extending the hip and knee 

joints simultaneously. While keeping the body weight over the center 

of the feet, the barbell is held as close to the shins as possible and li�ed 

at the highest possible speed. �e movement is completed by bringing 

the spine into a fully upright, natural position. Participants were given 

further information on how to perform a de�ned trunk extension task 

(TET) from a 60° �exed hip position, as described in a previous study 

(15). Brie�y, participants seated on a treatment table �rst performed 

a 60-degree thoracolumbar �exion which was controlled using a 

digital goniometer. Subsequently, they extended the trunk over 8 s to 

the neutral position. Ultrasound measurement of TLFD was 

performed in the starting and ending positions as in deadli� 

(Figures  1A–D). In this regard, the investigator demonstrated a 

complete cycle of this TET (Figures 1A,C). �e same person instructed 

the exercises for each participant.

Prior to the test session, participants performed three warm-up 

sets of 5 repetitions with 20 kg. Dynamic ultrasound measurements 

(Philips Lumify linear transducer L12-4, 12 MHz; Philips Ultrasound 

Inc., Bothell, WA) of the TLFD between the latissimus dorsi muscle 

junction and an arti�cial reference using a re�ective tape were 

performed in the starting and ending positions [Figures 1A–D,; (16)]. 

�is approach is described in detail by Brandl et al. (15). TLFD was 

de�ned as the di�erence between both measured positions. �is 

approach achieved excellent validity compared to marker-based, 

three-dimensional methods [ICC = 0.97; (16)]. �e mean VEL and 

deviation of barbell path (DEV) were determined using a three-axis 

gyroscope (Vmaxpro; Blaumann & Meyer, Sports Technology UG, 

Magdeburg, Germany) magnetically attached to the center of the 

barbell (18). �e Vmaxpro sensor was validated and showed a velocity 

prediction accuracy of 99% for the deadli� (18). �e minimum 

detectable di�erence at loads above 20% 1RM is 0.1 m/s (19). Hence, 

we used a load of 40 kg (30% of the maximum included 1RM) and set 

a maximum 1RM of 130 kg (100% of the maximum included 1RM) as 

the inclusion criterion for TF. �e correlation of actual 1RM and 1RM 

predicted by VEL using linear regression is r = 0.97, p < 0.05 (20). 

Participants repeated three 40 kg deadli�s under motivating cheering 

of the instructor, and the one with the highest achieved VEL was used 

for further analysis. DEV was calculated as the sum of the highest 

deviation in meter (anterior, posterior, right, and le� deviation) from 

a vertical axis of 90° to the �oor, from the starting to the ending 

position of the barbell during this deadli� (Figure 1E). Compared to 

a 3D motion capture system, which is considered the gold standard, 

the Vmaxpro sensor correlated almost perfectly (r = 0.99) in movement 

detection and velocity calculation based on it (21).

�e order of the deadli� or TET and the side of ultrasound 

measurement were randomly assigned to the participants using the 

Research Randomizer, version 4.0 (22). A�er completion of both 

tasks, ES thickness (EST) was measured as distance between 

super�cial and deep aponeurosis between L3 and L4 according to the 

protocol of Cuesta-Vargas et al. (23) in an upright sitting position on 

the randomly determined side.

2.3. Statistical analysis

Mean, standard deviation, and 95% con�dence interval (95% CI) 

were determined for all parameters.

TLFD during TET between groups was examined using a one-way 

ANCOVA (Hypothesis 1). Although age at baseline was not 

signi�cantly di�erent between groups, there was a trend toward a 

mismatch (p = 0.05). �erefore, the statistic was controlled for age as 

a covariate. Signi�cant results were analyzed post hoc using Tukey’s 

HSD test. �e outcome variables were normally distributed as assessed 

by the Shapiro–Wilk test (p > 0.05). �e homogeneity of the error 

variances between the groups was ful�lled for all these variables 

according to Levene’s test (p > 0.05).

Spearman correlation coe�cients were calculated for the 

non-normally distributed data assessed with the Shapiro–Wilk test 

(p < 0.05) to detect possible monotonic relationships between TLFD 

and VEL during deadli� (Hypothesis 2). Both full and partial 

correlations, adjusting for baseline covariates (sex, age, BMI), EST and 

FIGURE 1

Measurement procedure. (A) Flexion phase trunk extension task. 

(B) Starting position for deadlift. (A,B) Measurement time point t1. 

(C) Fully extended position of trunk extension task. (D) Ending 

position for deadlift. (C,D) Measurement time point t2. (E) Barbell 

path for TF and UaLBP/UH. UaLBP, untrained low back pain patients; 

UH, untrained healthy subjects; TF, track and field athletes; TLF, 

thoracolumbar fascia; LD, latissimus dorsi muscle.
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DEV were calculated. Resulting values were interpreted according to 

Cohen [44] as ‘weak’ (>0.09, <0.30), ‘medium’ (>0.29, <0.50), and 

‘strong’ (g0.50).

A one-way ANCOVA was conducted to compare TLFD during 

deadli�ing between groups, controlling for the in�uence of the 

covariates VEL, EST, DEV, and age (Hypothesis 3). �e post-hoc test 

for a signi�cant result was performed using Tukey’s HSD test. 

Estimated marginal means, standard errors, and their 95% CIs were 

calculated. �e data were normally distributed as assessed by the 

Shapiro–Wilk test (p > 0.05). �e criterion of homogeneity of the error 

variances between the groups was ful�lled according to Levene’s test 

(p > 0.05). Assumption of homogeneity of regression slopes was not 

violated with regard to the dependent variable (group), as the 

interaction terms were not statistically signi�cant (p > 0.05).

All analyses were performed using Jamovi 2.3 (�e jamovi 

project1).

3. Results

�e anthropometric data and baseline characteristics are shown 

in Table  1. As per the a priori sample size calculation, n = 48 

participants (16 TF, 16 UH, 16 UaLBP) took part in the study 

(Figure 2). No adverse events or drop-outs were recorded.

�e one-way ANCOVA revealed signi�cant di�erences 

regarding TLFD during TET between groups [F(2, 44) = 11.7; 

p < 0.01; partial ·2 = 0.35; Hypothesis 1]. �ere was no univariate 

e�ect of the covariate age [F(1, 44) = 2.0, p = 0.17, ·2 = 0.04]. Tukey’s 

HSD showed signi�cant di�erences between UaLBP and UH (24%; 

p < 0.01) and UaLBP and TF (35%; p < 0.01), but not between UH 

and TF (11%; p = 0.22). Descriptive statistics are shown in Figure 3A 

and Table 2A.

1 https://www.jamovi.org

�ere were strong negative correlations between TFLD and VEL 

during deadli� for UaLBP [rs(14) = 20.81, p < 0.01], UH [rs(14) = 20.88, 

p < 0.01], and TF [rs(14) = 20.89, p < 0.01]. �e partial correlations were 

also strong for UaLBP [rs (14) = 20.65, p = 0.04], UH [rs (14) = 20.68, 

p = 0.03], and TF [rs (14) = 20.89, p < 0.01] (Hypothesis 2).

�e ANCOVA for group comparisons of TLFD during deadli� 

revealed signi�cant di�erences [F(2, 42) = 6.78; p < 0.01; partial 

·2 = 0.24; Hypothesis 3]. �ere was a univariate e�ect of the covariates 

VEL [F(1, 42) = 18.2, p < 0.01, ·2 = 0.30] and EST [F(1, 42) = 10.0, 

p < 0.01, ·2 = 0.19] but no signi�cant e�ect of DEV [F(1, 42) = 0.20, 

p = 0.66, ·2 = 0.005] or age [F(1, 42) = 0.42, p = 0.52, ·2 = 0.01]. Tukey’s 

HSD showed a signi�cant di�erence between UH and TF (220%; 

p < 0.01), but not between UaLBP and UH (10%; p = 0.09), and UaLBP 

and TF (210%; p = 0.39). Descriptive statistics are shown in Figure 3B 

and Table 2B.

4. Discussion

�e basic mechanisms of force transmission from fascial tissue to 

skeletal muscle have been studied and convincing evidence of this has 

been found (24–26). However, the relative contributions of these 

mechanical interactions to training outcomes or remote exercise e�ects 

under in vivo conditions are o�en neglected in sports science as noted 

by a consensus paper, pointing to the urgency of research in this area. 

(27). �e present study is novel in that it examined TLFD (measured 

with ultrasound) and deadli� velocity (measured with a three-axis 

gyroscope) during spinal movement in athletes and non-athletes.

One of the main �ndings of this study was a high TLFD in UH 

(226%) and TF (237%) in contrast to UaLBP (23%) during the TET 

(Hypothesis 1). �is con�rms previous research in which the TLF was 

28% less deformable in UaLBP than in healthy participants (15). In 

conjunction with the earlier �nding of reduced shear strain between the 

fascial layers of the TLF in low back pain, this may be  indicative of 

adhesions between the TLF and the epimysium of the ES (13). It has been 

suggested that impaired neuromuscular control and recruitment patterns 

TABLE 1 Baseline characteristics.

Baseline 
characteristics

UaLBP (n�=�16) UH (n�=�16) TF (n�=�16)

M�±�SD 95% CI M�±�SD 95% CI M�±�SD 95% CI P

Sex (men/woman) 8/8 8/8 8/8

Age (years) 42.4 ± 10.3 36.9–47.8 41.4 ± 13.3 34.2–48.4 32.6 ± 12.0 26.2–39.0 0.05

Weight (kg) 66.4 ± 8.7 61.8–71.0 66.5 ± 8.7 61.8–71.1 65.8 ± 8.1 61.5–70.1 0.97

Height (m) 1.69 ± 0.08 1.65–1.77 1.70 ± 0.07 1.66–1.74 1.76 ± 0.07 1.69–1.76 0.40

BMI (kg/m2) 23.1 ± 2.3 21.9–24.4 23.1 ± 3.2 21.4–24.8 22.0 ± 1.8 21.1–22.9 0.25

Erector spinae thickness (mm) 30.1 ± 6.0 26.9–33.2 29.8 ± 3.5 27.9–31.7 40.0 ± 3.9 37.9–42.1 <0.01

Deadli� velocity (m/s) 0.62 ± 0.09 0.57–0.67 0.81 ± 0.11 0.75–0.87 1.04 ± 0.20 0.94–1.16 <0.01

Deviation of barbell path (m) 0.15 ± 0.05 0.12–0.17 0.13 ± 0.05 0.10–0.15 0.03 ± 0.02 0.02–0.04 <0.01

1 Repetition maximum (kg) 101 ± 22.2 89–113

ODQ-D (0–100) 61.3 ± 19.1 51.2–71.5

VAS (0–10) 6.5 ± 2.5 5.2–7.8

Pain duration (days) 10.5 ± 8.7 5.9–15.1

UaLBP, untrained acute low back pain patients; UH, untrained healthy participants; TF, track and �eld athletes; n, number; M, mean; SD, standard deviation; 95% CI, 95% con�dence interval; 

P, P-Value of the one-way ANOVA; BMI, body mass index; ODQ-D, Oswestry disability questionnaire in the German version; VAS, visual analog scale.
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due to low back pain lead to this observation (13). However, the results of 

our study tend to imply that TLFD could also be dependent on training 

status and activity and it becomes apparent that the understanding of 

these relationships needs to be extended in future studies.

To determine the presumed correlations between TLFD, and VEL 

without the in�uence of the epidemiological variables, EST and DEV, 

a partial correlation was performed which corrected the related 

calculations (Hypothesis 2). TLFD showed a strong correlation with 

VEL (p < 0.01), which was highest level [rs(14) = 0.88] in TF. �is was 

surprising because the EST, together with the pennation angle of the 

ES �bers, predicts the torque that the muscle can deliver by 68% (23). 

�erefore, it was hypothesized that the correlation corrected for EST 

would be less than the full correlation. However, �nite model analysis 

suggests that the ES can only exert its full force with the support of 

TLF [by decreasing the intramuscular pressure and thereby reducing 

the stress; (12)], which could explain these results and the linear 

relationship between TLFD and VEL. Future studies focusing on the 

fascial system in both competitive sports and pathological changes in 

the myofascial system are therefore promising.

�ere was a signi�cant di�erence between TF and UH in TFLD 

during the deadli� adjusting for EST, DEV, and VEL but no di�erences 

between UaLBP and the other groups (Hypothesis 3). �e ANCOVA 

revealed a signi�cant e�ect for VEL and EST (p < 0.01) but not for 

DEV (p = 0.66). �e estimated marginal means of TF di�ered the most 

from the unadjusted mean (211.9% versus 237.0%), suggesting that 

training status and velocity during the deadli� contributed 

signi�cantly to TLFD during the exercise. TF had an about 20% 

thicker ES, achieving a 33–62% higher speed in the deadli� than UH 

or UaLBP. For UaLBP, the estimated marginal means showed exactly 

the opposite di�erence from the unadjusted means of TF (221% 

versus 23.2%). �e EST at baseline was almost the same in UaLBP and 

UH (30.1 mm versus 29.8 mm), which is consistent with a previous 

study that found no di�erences in deadli� force or electromyographic 

excitation between aLBP patients and healthy controls (8). A lower 

VEL is commonly observed in individuals with aLBP and has been 

associated with avoidance of potentially pain-causing movements (7). 

�e UaLBP in this study achieved only 75% of the VEL of UH and 

61% of TF. �is could con�rm this assumption. Despite an indication 

FIGURE 2

Study flow.
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of reduced mean lumbar ROM in a meta-analysis by Laird et al. (7), 

the ANCOVA revealed no signi�cant in�uence of DEV on TLFD 

during deadli�. However, the studies included in the analysis by Laird 

de�ned low back pain inconsistently. �erefore, it is possible that in 

the acute state, this reduced ROM is less signi�cant.

4.1. Limitations

Our trial has some shortcomings. First, the weight was not 

normalized to maximal strength in the deadli�ing task. Possibly this 

explains the di�erential �ndings to the TET task. However, the 

velocity determined by the Vmaxpro sensor correlates strongly with 

the 1RM [r = 0.97; (20)]. �erefore, further studies need to clarify the 

direction of the e�ect of VEL on TFLD or vice versa. Second, TLFD 

was not corrected for electromyographic muscle activity, which may 

have slightly in�uenced the measurements. In a previous study, no 

signi�cant Granger causality of erector spinae muscle activity on 

TLFD was found (15), but this has to be con�rmed in further studies. 

�ird, age at baseline showed a non-signi�cant trend toward a 

younger sample in the TF group. It is well known that muscle 

performance, morphology (28), and connective tissue (29) exhibit 

age-related changes. �e statistics were therefore controlled for age 

and did not show a univariate e�ect in the analysis. It is therefore 

considered that the sampling in this study was su�cient to exclude 

age-related bias.

5. Conclusion

�e TLFD during a TET is lower in UaLBP compared to UH and 

TF who achieved the highest TLFD. TLFD and velocity performance 

during deadli� are strongly correlated. �e training status, respectively, 

the force of ES and VEL that a participant can exert on the dumbbell 

during the deadli�, in addition to the group membership, determines 

the TLFD during the exercise. �e results suggest that TLFD, in 

addition to training status, may be an important factor in weightli�ing 

or spinal extension tasks.

FIGURE 3

Group comparison of deformation of thoracolumbar fascia. (A) During a trunk extension task. Points show the mean. (B) During deadlift. Points show 

estimated marginal means corrected for deadlift velocity, barbell deviation, and erector spinae thickness. UaLBP, untrained acute low back pain 

patients; UH, untrained healthy participants; TF, track and field athletes. Error bars show the 95% confidence interval. Significant at the level **�<�0.01.

TABLE 2 Group comparison of deformation of thoracolumbar fascia.

Variable UaLBP (n�=�16) UH (n�=�16) TF (n�=�16)

M�±�SD/SE 95% CI M�±�SD/SE 95% CI M�±�SD/SE 95% CI

(A) Trunk extension 

task

TLF deformation (%) 22.7 ± 15.31 210.0 to 20.2 226.4 ± 21.01 248.0 to 28.8 237.6 ± 19.31 261.0 to 221.0

(B) Deadli�

TLF deformation (%) 23.2 ± 15.31 211.3 to 5.0 225.3 ± 19.01 235.3 to 215.1 237.0 ± 19.11 247.0 to 226.7

TLF deformation 

adjusted3 (%)
221.4 ± 3.22 229.4 to 213.5 231.9 ± 3.22 238.4 to 225.4 211.9 ± 4.62 220.9 to 23.0

UaLBP, untrained acute low back pain patients; UH, untrained healthy participants; TF, track and �eld athletes; n, number; M, mean; SD, standard deviation; 95% CI, 95% con�dence interval; 
1SD, standard deviation; 2SE, standard error; 3estimated marginal means corrected for deadli� velocity, barbell deviation, and erector spinae thickness and their 95% con�dence interval.
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