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Visualization of the epimysium
and fascia thoracolumbalis at the
lumbar spine using MRI
Introduction

Patients and method

The fascia thoracolumbalis (FTL) comprises an anterior and posterior leaflet
thus creating a tubular system that surrounds the autochthonous musculature,
functionally distributing mechanical
forces to the lumbar spine and abdominal musculature. Since the FTL is
a central component in segmental stability of the lumbar spine, we investigated
the visualization of the FTL and the
adjacent epimysium (EM) on magnetic
resonance imaging (MRI) and correlated
alterations of these anatomical structures
with underlying disorders of the lumbar
spine.

Overall, 33 individuals, among them
18 patients with various pathologies
of the lumbar spine (group A), and
15 with low back pain but without any
pathologies detected on MRI (group B),
were recruited from July to September
2020 and were retrospectively evaluated.
All patients were referred for clarification of their clinical complaints and
gave written informed consent for the
MRI examination. Patients were randomly selected from the examination
list (S.O.S) and anonymized for retrospective analysis. For anonymization,
a number was assigned to each patient.

The radiologist had no information
about the clinical complaints. Six patients had previously been treated with
hemilaminectomy, three patients had
spondylodesis, two patients had ventrolisthesis, and seven patients were primarily notable for marked scoliosis. The
median age was 72 years (minimum 19,
maximum 89 years); 16 patients were
female, 17 male. Exclusion criteria were
higher-grade stenosis of the spinal canal
and neuroforamina.
All MRI examinations were performed using a 3.0-T MRI scanner
(Skyra, Siemens Healthineers, Erlangen,
Germany) at the Radiological Center
for Diagnostics and Therapy Munich
(rdtm). Sagittal and oblique axial T2weigthed (T2w) spin-echo (SE) parallel
to the respective endplates, a coronary
STIR, and a T1-weighted sagittal SE
sequence were acquired.

Abbreviations

Fig. 1 8 Depiction of the posterior lamina of the fascia thoracolumbalis (FTL; yellow arrows) and anterior lamina (white open arrows). The anterior and posterior lamina unite in the lateral raphe (redoval).
A venous vessel runs from the lateral raphe to the skin (asterisk). The epimysium (white arrow) of the
erector spinae muscle inseparable from the fascia thoracolumbalis (FTL) near the spinous process. Superficial (two asterisks) and deep (three asterisks) subcutaneous fascia

AM

Autochthonous muscles

CVB

Cervical vertebra body

EM

Epimysium

FTL

Fascia thoracolumbalis

IS

Interspinous ligament

LVB

Lumbar vertebra body

SVB

Sacral vertebra body
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Table 1 The thickness of the lamina posterior of the FTL(in mm) at the level of the vertebral bodies LVB 3, 4, and 5 as well as SVB1 independent of the underlying disorder
Vertebral body
Mean
Median
Minimum
Maximum
LVB 3
1.8
1.6
0.4
3.2
LVB 4
2.0
2.0
0.6
4.8
LVB 5
SVB 1

2.1
1.8

1.9
1.7

0.8
1.1

5.6
3.4

Table 2 The thickness of the epimysium (in mm) at the level of the vertebral bodies LVB3, 4 as
well as SVB independent of the underlying disorder
Vertebral body
Mean
Median
Minimum
Maximum
LVB 3
LVB 4
LVB 5

1.8
2.1
2.1

2.0
1.8
2.1

0.5
0.5
0.8

3.2
4.8
5.6

SVB 1

1.9

2.0

1.1

3.4

Table 3 Frequency of occurrence of fascial adhesion and thickening of epimysium according to
vertebral body level
Level
Fascial adhesion + thickening
Adhesion
Thickening
n (%)
n (%)
n (%)
LVB 3
6 (18)
12 (36)
5 (15)
LVB 4
LVB 5
SVB 1

12 (36)
5 (15)
1 (3)

The thickness at the FTL and EM was
measured at the level of LVB 3, 4, 5 and
SVB 1 in the axial and oblique axial plane,
respectively, in the Horos image viewing
system. The diameter of the FTL and EM
was determined in a plane perpendicular to the dorsal surface. An adhesion
of the lamina posterior to the FTL was
assessed when the fascia could not be distinguished from the EM. Thickening of
the interspinous ligament (IS) was considered to be present when it was wider
than the corresponding spinous process.
When the EM appeared compressed and
wavy near the spinous process, this was
documented as denticulation. All measurements were performed by a radiologist with more than 10 years’ experience
in musculoskeletal MRI (B. A.). The evaluation was carried out without knowledge of the clinical findings. Descriptive
statistical analyses were performed using
Excel.
The MRI examination was clinically
indicated for all patients and informed
consent was given. The ethical principles
of the fifth revision of the Helsinki Declaration on ethical principles for research
involving human subjects were observed.
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9 (27)
7 (21)
1 (3)

3 (9)
9 (27)
16 (48)

Results
The normal anatomy of the FTL and EM
was analyzed in group B. The lamina posterior of the FTL paralleled the EM of
the erector spinae muscle in a dorsally
convex arc. A thin fat band separated
the FTL from the EM. The FLT and EM
were inseparable near the spinous processes and at the level of SVB 1. The
EM and FTL had an average thickness
of 1.8 mm (. Fig. 1). The FTL and EM
could be diﬀerentiated from each other
by a thin T2- and T1-hyperintense layer
at the level of LVB 2–3, LVB 3–4, and
LVB 4–5. Both layers could no longer
be distinguished from each other at the
level of LVB 5-SVB 1.
The thickness of the lamina posterior of the FTL of the whole collective
is given in . Table 1, independently of
the underlying disorders of the lumbar
spine. The mean fascial thicknesses at
the level of LVB 3 was 1.8 mm, at LVB 4
it was 2.0, at LVB 5 it was 2.1, and at
SVB 1 it was 1.8 mm. The lamina anterior to the FTL appeared as a very thin
line between the quadratus lumborum
and erector spinae muscles in all patients

with a mean thickness of 1 mm. The mean
thickness of the EM, among the whole
collective including both groups, is summarized in . Table 2, and was 1.8 mm at
LVB 3, 2.1 mm at LVB 4, 2.1 mm at the
level of LVB 5, and 1.9 at level of SVB 1.
In 18 cases, FTL adhesions were found
at the level of LVB 3 (54%), in 19 at the
level of LVB 4 (58%), in 12 at the level
of LVB (36%), and in two at the level of
SVB (6%). As shown in . Table 3, fascial
adhesions along with thickening of the
EM occurred at the level of LVB 4 in
36% of cases regardless of the particular
disorders and without epimysial changes
in 27%. The frequency of this alteration
dropped to 18% at the level of LVB 3
and to 15% for LVB 5. Only thickening of the EM was seen in 48% of cases
at the level of SVB 1. By contrast, only
adhesion of the FTL without epimysial
changes occurred in 36% at the level of
LVB 3. Overall, 82% of all patients, including ten of 15 patients in group B,
showed denticulation of the EM near the
spinous process. At the same time, the
EM remained easy to diﬀerentiate from
the FTL (. Fig. 2).
When the descriptions at FTL and
EM are correlated with the particular
pathologies, the following can be noted.
In three patients with spondylodesis
a long-distance adhesion of the EM with
the FTL at the level of the spondylodesis
was found. The EM was thickened with
a diameter of more than 2 mm (. Fig. 2).
In both patients with ventrolisthesis at
the level of LVB 4–5 and LVB 5-SVB 1,
the EM and FTL were thickened symmetrically and bilaterally (. Fig. 3) and
no fat stripe was present between them.
In four of six patients with hemilaminectomy, a defect of the FTL was
found in the area of the surgical access
route. Herniation of fatty and muscular
tissue, respectively, through this defect
into the subcutaneous tissue was detected
(. Fig. 3). In all six patients with hemilaminectomy, adhesions of the fascia at
the level of LVB 3 and 4, and in three
cases also at the level of LVB 5, were
found.
In the seven patients with scoliosis,
thickening of the interspinous ligament
on the one hand and unilateral thickening
of the EM with a lack of diﬀerentiation
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Visualization of the epimysium and fascia thoracolumbalis at the lumbar spine using MRI
Abstract
Background. The fascia thoracolumbalis (FTL)
is an important component for stabilization
and motion control of the lumbar spine.
It coordinates the traction forces of the
autochthonous muscles of the back (AM)
and connects them to the muscles of the
abdominal wall, shoulder, and buttocks.
Objectives. The aim of our study was to
describe the assessment of the normal FTL
and epimysium of the AM in MRI and to
identify patterns associated with pathological
changes in the lumbar spine.
Material and methods. A total of 33 patients
were retrospectively evaluated: 15 patients
had no pathology at the lumbar spine; six

patients had previous hemilaminectomy, three
had spondylodesis, two had ventrolisthesis,
and seven had scoliosis. The thickness of the
FTL and EM was measured, and the adhesion
of both structures was assessed.
Results. The fascial thickness at the levels of
the lumbar vertebral bodies LVB 3 was 1.8, of
LVB 4 it was 2.0, of LVB 5 it was 2.1, and at the
sacral vertebra SVB 1 it was 1.8 mm. Fascial
adhesions together with thickening of the
EM occurred at the level of LVB 4 in 36% of
the cases independently of the underlying
disorder. Only thickening of the EM was
seen in 48% of cases at the level of SVB 1.
By contrast, adhesion of the FTL without

epimysial changes occurred in 36% of cases at
the level of LVB 3.
Conclusion. Thickening and adhesions at the
EM and FTL occurred both postoperatively
and in the case of scoliosis. Furthermore,
lipomatous and muscular herniation could be
detected in the FTL postoperatively. Epimysial
and fascial alterations may be imaging
manifestations of chronic myofascial back
pain and should be included in radiological
assessments.
Keywords
Epimysium · Fascia thoracolumbalis · Lumbar
spine · Adhesion · MRI

Visualisierung des Epimysiums und der Fascia thoracolumbalis an der Lendenwirbelsäule mittels MRT
Zusammenfassung
Hintergrund. Die Fascia thoracolumbalis
(FTL) ist eine wichtige Struktur für die
Stabilisierung und Bewegungssteuerung der
Lendenwirbelsäule (LWS). Sie koordiniert
die Traktionskräfte der autochthonen
Rückenmuskulatur und verbindet sie mit den
Muskeln der Bauchwand, der Schulter und des
Gesäßes.
Ziel. Ziel der vorliegenden Studie war es,
die Beurteilung der normalen FTL und
des Epimysiums (EM) der autochthonen
Rückenmuskulatur in der Magnetresonanztomographie (MRT) zu beschreiben und dabei
Muster zu erkennen, die mit pathologischen
Veränderungen in der LWS einhergehen.
Material und Methoden. Retrospektiv
wurden die Daten von 33 Patienten
ausgewertet: Bei 15 Patienten zeigten sich

from the FTL on the other hand were
noted (. Fig. 3).

Discussion
To date, little attention has been paid
to imaging of the fascia of the lumbar
spine. Langewin et al. employed ultrasound elastography on 71 patients with
chronic back pain and found that the
FTL plays a critical role in the normal
movement of the spine [9]. Restricted
mobility of the lumbar spine was associated with thickening and adhesion of the

keine pathologischen Veränderungen im LWSBereich; bei 6 Patienten bestand ein Z. n. Hemilaminektomie, bei 3 lag eine Spondylodese
vor, 2 wiesen eine Ventrolisthese und 7 eine
Skoliose auf. Die Dicke der FTL und des EM
wurden gemessen und die Adhäsion beider
Strukturen ermittelt.
Ergebnisse. Auf Höhe des Lendenwirbelkörpers 3 (LWK 3) lag die Fasziendicke bei
1,8 mm, auf Höhe von LWK 4 betrug sie
2,0 mm, bei LWK 5 war sie 2,1 mm und auf
Höhe des Sakralwirbels 1 (SWK 1) 1,8 mm.
Faszienadhäsionen in Kombination mit einer
Verdickung des EM traten auf Höhe des LWK 4
in 36 % der Fälle auf, unabhängig von der
zugrunde liegenden Erkrankung. Auf Höhe
von SWK 1 wurde in 48 % der Fälle lediglich
eine Verdickung des EM festgestellt. Dagegen

FTL with the EM [10]. By contrast, we
were able to diﬀerentiate the FTL and the
EM in all cases. Moreover, limitations of
lumbar spine mobility, such as spondylodesis, spondylolisthesis, and scoliosis,
were associated with various degrees of
thickening of the FTL and EM. Both FTL
and EM could be clearly visualized and
diﬀerentiated from each other and adhesions between them were detectable.
For the interpretation of MRI findings,
it is important to consider the underlying anatomy [15, 16, 19]. Anatomically,
epimysial and aponeurotic fasciae can

trat auf Höhe des LWK 3 eine Adhäsion der FTL
ohne EM-Veränderungen in 36 % der Fälle auf.
Schlussfolgerung. Eine Verdickung und Adhäsionen des EM und der FTL zeigten sich sowohl
postoperativ als auch bei Skoliose. Darüber
hinaus wurde eine lipomatöse und muskuläre
Herniation in der FTL postoperativ festgestellt.
Epimysium- und Faszienveränderungen
können sich bildgebend als Manifestationen
chronischer myofaszialer Rückenschmerzen
darstellen und sollten in die radiologische
Beurteilung einfließen.
Schlüsselwörter
Epimysium · Fascia thoracolumbalis ·
Lendenwirbelsäule · Adhäsion · Magnetresonanztomographie

be distinguished. The epimysial fascia
is directly adjacent to and intertwined
with the muscle (. Fig. 1; [4]). The
aponeurotic fasciae encompass several
muscles together in groups. In the
lumbar spine, the FTL represents the
aponeurotic fascia, which surrounds the
autochthonous musculature similar to
a sac, which extends from the occipital
bone to the sacrum. At the level of SVB 1
and near the spinous processes, the EM
and FTL fuse together [15, 16, 19]. Medially, it is connected to the ligamentum
nuchae, the ligamentum supraspinale
Der Radiologe
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Fig. 2 8 Normal findings (a). Denticulation (b) at the epimysium near the spinous process (arrow).Adhesion (c) between epimysium and fascia thoracolumbalis (FTL; asterisk) and thickening of the interspinous ligament (open arrow). Adhesion of the epimysium (d) to the FTLafter surgery (two asterisks)

a

b

c

d

Fig. 3 8 Patient with block vertebrae following spondylodesis in segment LVB5-SVB1 (a) with bilateral adhesion of the fascia thoracolumbalis (FTL) with the epimysium (arrows). Herniation of fat and
muscle (b) since the fascia was not sewn (arrow). Patient with ventrolisthesis in the LVB5-SVB 1 segment (c) exhibits symmetrical thickening and adhesion of the FTLto the epimysium (asterisk). Patient
with scoliosis (d) shows unilateral thickening and adhesion of the FTLand epimysium on the right and
thickening of the interspinous ligament (openarrow)
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and the spinous processes from CVB 7
to LVB 4. The fasciae not only envelop
the muscles, but are important for gliding of the muscles against each other
[10]. However, they also transmit tensile
forces longitudinally along the entire
spine. Thus, 30–40% of the muscle force
is not transferred to the tendons, but is
distributed directly to the fascia system
[1–3, 16]. Furthermore, the FTL connects diﬀerent myofascial complexes.
Specifically, this means that the fascia
of the shoulder and the latissimus dorsi
muscle are connected to the fascia of
the gluteus maximus muscle via the FTL
[15, 19]. At the level of LVB 4, the fibers
of the FTL cross to the opposite side
[5, 16, 17]. This is what makes walking
with opposing oscillations of the arms
possible in the first place. A degenerative process in the vertebral column
leads to disorders of movement that
increase the biomechanical malfunction
at the same level and then extend to
those of adjacent components [6, 11].
Ranger at al. described that a shorter
length of the FTL around the paraspinal
compartment was significantly associated with high-intensity low back pain
and/or disability [14]. Kang et al. found
a flattened lumbar fascia to be associated
with lumbar degenerative kyphosis [8].
After hemilaminectomy, a fascial gap
with herniation of fat and muscle tissue
was found in four of six cases. This may
result in disruption of forces and tensions
and finally leads to chronic postoperative
myofascial pain. Wilke et al. found that
a clear macroscopic hernia in the FTL
is a rare exception representing a small
minority of patients with low back pain
[18]. Whenever there is a mismatch
between the forces aﬀect the fasciae and
their ability to resist them, the fasciae
would react with fibrosis and adhesions
between them so that movement of various components would be restricted [8,
12, 13]. A sagging FTL was found in
a study of 68 postoperative patients. They
considered a sagging posterior FTL if it
showed an abrupt bulging appearance
on the parasagittal image and correlated
it with adjacent lumbar segment [7].
Various observations of this study
have not been reported previously, such
as the increase in thickness of the EM

associated with adhesion or scarring
of the FTL. Segmental movement restrictions, as found in the patients with
spondylodesis or spondylolisthesis, result in bilateral thickening of the EM and
adhesions between the EM and the FTL.
In patients with scoliosis, this occurred
unilaterally. Another observation not
previously described is denticulation
of the EM near the spinous process
(. Fig. 2). Since this was also detectable
in group B, it could be due to contraction
of the muscle in the supine position and
have no pathological meaning.

Limitations
This observational study has various limitations. A small and heterogeneous collective of patients was enrolled. We aimed
at generating hypotheses concerning the
visualization of the fasciae and the EM
and their potential role in myofascial
back pain. Prospective studies of larger
and homogeneous patient collectives are
mandatory in order to assess the diagnostic utility and reproducibility of our
findings. Such studies may also elucidate the natural history of the evolution
of the alterations of the fascia and EM
of the lumbar spine and their impact
on myofascial back pain. It will also be
indispensable to address changes in the
discovertebral unit and facet joints in further studies and to correlate the imaging
findings with the clinical assessment of
the patients.

Summary
For the first time, changes at the EM and
FTL in the lumbar spine as visualized on
MRI were described. Thickening of the
EM and FTL occurred postoperatively after spondylodesis and hemilaminectomy
as well as in scoliosis, and both structures were sometimes inseparable. Furthermore, postoperative lipomatous and
muscular herniation could be detected in
the FTL. The EM and fascial changes may
be the cause of chronic myofascial back
pain and should be given more attention
in radiological evaluations of the lumbar spine. Our findings may contribute
to better diagnosis of patients suﬀering
from unclear and chronic back pain.

Corresponding address
PD Dr. med. Boris Adamietz
Radiologisches Zentrum für
Diagnostik und Therapie
München
Oberföhringer Str. 2,
81679 Munich, Germany
boris.adamietz@rdtm.de
Funding. Open Access funding enabled and organized by Projekt DEAL.

Declarations
Conflict of interest. B. Adamietz, S. O. Schönberg,
M. Reiser, M. Uder, A. Frank, R. Strecker, C. Weiß and
R. Heiss declare that they have no competing interests.
The ethical principles of the 5. revision of the Helsinki
Declaration on ethical principles for research involving
human subjects were observed. All patients were referred for clarification of their clinical complaints and
gave written informed consent to the MRI examination. Patients were randomly selected from the examination list (S.O.S) and anonymized for retrospective
analysis. For anonymisation, a number was assigned
to each patient. The radiologist had no information
about the clinical complaints.
The supplement containing this article is not sponsored by industry.
Open Access. This article is licensed under a Creative
Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images
or other third party material in this article are included
in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If
material is not included in the article’s Creative Commons licence and your intended use is not permitted
by statutory regulation or exceeds the permitted use,
you will need to obtain permission directly from the
copyright holder. To view a copy of this licence, visit
http://creativecommons.org/licenses/by/4.0/.

References
1. Bogduk N, Macintosh JE (1984) The applied
anatomy of the thoracolumbar fascia. Spine
9(2):164–170
2. Fan C, Fede C, GaudreaultN, PorzionatoA, Macchi V,
De Caro R, Stecco C (2018) Anatomical and
functional relationships between the external
abdominal oblique muscle and the posterior
layer of the thoracolumbar fascia. Clin Anat
31:1092–1098
3. Gatton ML, Pearcy MJ, Pettet GJ, Evans JH (2010)
A three-dimensional mathematical model of the
thoracolumbar fascia and an estimate of its biomechanical eﬀect. J Biomech 43(14):2792–2797
4. Hides J, Stanton W, Dilani Mendis M (2011) The
relationship of transversus abdominis and lumbar

multifidus clinical muscle tests in patients with
chronic low back pain. Man Ther 16:573–577
5. Izzo R, Guarnieri G, Guglielmi G, Muto M (2013)
Biomechanics of the spine: Part II—spinal
instability. Eur J Radiol 82(1):127–138
6. Jafri MS (2014) Mechanisms of myofascial pain. Int
Sch Res J Notices. https://doi.org/10.1155/2014/
523924
7. Jeong YM, Shin MJ, Lee HS, Chung HW (2013)
Sagging posterior layer thoracolumbar fascia:
canit be the cause or result of adjacent segment
disease? J Spinal Disord Tech 26(4):E123–E129
8. Kang CH, Shin MJ, Kim SM (2007) MRI of paraspinal
muscles in lumbar degenerative kyphosis patients
and control patients with chronic low back pain.
Clin Radiol 62:476–486
9. Langevin HM, Stevens-Tuttle D, Fox JR, Badger GJ,
Bouﬀard NA, Krag MH (2009) Ultrasound evidence
of altered lumbar connective tissue structure in
human subjects with chronic low back pain. BMC
Musculoskelet Disord 10:151
10. Langevin HM et al (2011) Reduced thoracolumbar
fascia shear strain in human chronic low back pain.
BMC Musculoskelet Disord 12:203
11. Muto M, Giurazza F, Guarnieri G, Izzo R, Diano A
(2016) Neuroimaging of spinal instability. Magn
Reson Imaging Clin N Am 24(3):485–494
12. Ota Y, Connolly M, Srinivasan A, Kim J, Capizzano AA, Moritani T (2020) Mechanisms and
origins of spinal pain: from molecules to anatomy,
with diagnostic clues and imaging findings.
Radiographics 40:1–19
13. Pathria MN, Chung CB, Resnick DL (2016) Acute
and stress-related injuries of bone and cartilage:
pertinent anatomy, basic biomechanics, and
imaging perspective. Radiology 280(1):21–38
14. Ranger TA, Teichtahl AJ, Cicuttini FM, Wang Y,
Wluka AE, O’Sullivan R, Jones G, Urquhart DM
(2016) Shoter lumbar paraspinal fascia is associated with high intensity low back pain and
disability. Spine 41(8):E489–E493
15. Schuenke MD, Vleeming A, Van Hoof T, Willard FH
(2012) A description of the lumbar interfascial
triangle and its relation with the lateral raphe:
anatomical constituents of load transfer through
the lateral margin of the thoracolumbar fascia.
J Anat 221:568–576
16. Stecco C (2016) Atlas des menschlichen Fasziensystems. Urban & Fischer, München, pp 183–212
17. Vleeming A (1995) The posterior layer oft the
thoracolumbar fascia: its function in load transfer
from spine to legs. Spine 20(7):753–758
18. Wilke J, Schleip R, Klingler W, Stecco C (2017) The
lunbodorsal Fascia as a potential Source of low
back pain: a narrative review. Biomed Res Int
2017:1–6
19. Willard FH, Vleeming A, Schuenke MD, Danneels L,
Schleip R (2012) The thoracolumbar fascia:
anatomy, function and clinical considerations.
J Anat 221:507–536

Der Radiologe

