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Abstract
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Purpose Fascial changes in hypermobile Ehlers—Danlos syndrome (hEDS), a heritable connective tissue disorder, can be used
visualized with sonoelastography. The purpose of this study was to explore the inter-fascial gliding characteristics in hEDS.
Methods In 9 subjects, the right iliotibial tract was examined with ultrasonography. Tissue displacements of the iliotibial
tract were estimated from ultrasound data using cross-correlation techniques.

Results In hEDS subjects, shear strain was 46.2%, lower than those with lower limb pain without hEDS (89.5%) and in

control subjects without hEDS and without pain (121.1%).

Conclusion Extracellular matrix changes in hEDS may manifest as reduced inter-fascial plane gliding.
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Introduction

In musculoskeletal radiology, ultrasonography is a powerful
tool for the diagnosis of many pathologic conditions affect-
ing the myofascial system including the fascia. More super-
ficial fascial structures like the iliotibial tract (ITT) can be
easily studied with ultrasonography [1].

Given its cost-effective real-time noninvasive nature,
ultrasonography is the first-choice technique in the diagnosis
of fascial based pathology [1]. Hypermobile Ehlers—Danlos
syndrome (hEDS) is the most common type of EDS and
is a heritable connective tissue disorder characterized by
changes in the extracellular matrix (ECM) [2, 3] of the fas-
cial system that can be visualized under ultrasonography [4].
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These changes in the ECM may correlate with the high level
of myofascial pain in hEDS [4, 5].

Prior ultrasound studies of the iliac fascia and ITT did not
demonstrate a difference in thickness in those with hEDS
compared with groups without hEDS. Non-hEDS subjects
with pain had a higher strain index (more softening of the
fascia with relative stiffening of the muscle) compared with
hEDS subjects and non-hEDS subjects without back or
knee pain. In myofascial pain, softening of the fascia may
occur from increase in ECM content and relative increase
in stiffness of the muscle; this change is not as pronounced
in hEDS [4].

Prior studies have looked at inter-fascial gliding charac-
teristics in normal populations and in populations with back
pain [6-8]. To date, there are no published data regarding
inter-fascial plane gliding in hEDS. Therefore, the objective
of this study was to characterize inter-fascial plane gliding in
hEDS patients and introduce the use of dynamic ultrasonog-
raphy to assess dynamic fascial movement in this population.

Methods

This study was performed in accordance with ethical stand-
ards on human experimentation and with the Helsinki
Declaration of 1975, as revised in 1983 and approved by
Institutional Review Board (Study 2019-92-CAS). The
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investigation and use of patient data for research purposes
were in accordance with the Declaration of the World Medi-
cal Association. Written informed consent was obtained for
the 9 adult patients (> 18 years of age) who were examined
prospectively.

The 3 subjects with knee pain without hEDS had diag-
noses of medial compartment osteoarthritis with associated
patellar tendonopathy, medial collateral ligament sprain,
and patellofemoral ligament sprain as diagnosed by physi-
cal examination and MRI. Three control subjects did not
have hEDS or knee pain. The 3 subjects with hEDS had
diffuse pain including lower limb pain as stipulated by the
2017 hEDS diagnostic criteria [9]. All subjects consented to
ultrasound examination at an outpatient Physical Medicine
& Rehabilitation practice.

The ITT of the right lower limb was examined with
B-mode scanning using the Sonimage® HS-1 (Konica
Minolta Corporation, Japan) and a L.18-4 transducer. The
patients were examined in a relaxed supine position with
arms relaxed to the sides on the examination table. The ultra-
sound transducer was placed longitudinally at the proximal
one-third distance between the femoral condyle and the
greater trochanter of the right lower limb (Fig. 1). The trans-
ducer was moved until the direction of the perimysium was
parallel to the transducer and over the area of interest—at
the merger of the superficial, intermediate, and deep layers
of the ITT [10]. The transducer was lightly stabilized by
hand taking great care not to compress the tissues at any
time. Approximately 100 ml of gel used between transduc-
tor and skin.

Ultrasound cine-recording of the motion was acquired of
the ITT during plantar flexion and dorsiflexion of the ankles
to assess for fascial displacement and myofascial displace-
ment from a distal site [11]. The ITT is continuous with
the crural fascia, a thick lamina of connective tissue that

Fig. 1 The ultrasound trans- q ) 4 P
ducer (represented by the black ;
rectangle) was placed longitudi-
nally at the proximal one-third
distance between the femoral
condyle and the greater tro-
chanter of the right lower limb
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envelopes the lower leg from the knee to the retinaculum
of the ankle [12]. Ultrasound data from right lower limb
were processed with Tracker (Natick, MA), a modeling tool
built on the Open Source Physics Java framework. Tissue
displacements between successive ultrasound frames were
estimated from raw ultrasound data using cross-correlation
techniques [6] using the method detailed by Dones et al.
[13]. Rostral-caudal displacement (tissue motion) between
two successively acquired ultrasound frames captured at
40 ms time lapse was computed for each successive pair of
ultrasound frames in a 1 X 1.5 cm region of interest (ROI)
centered on a sub-ROI. The superficial sub-ROI was cen-
tered on the merged fascia of the superficial and intermediate
layers of the ITT. The deep sub-ROI was centered on the
deep layer of the ITT (Fig. 2).

The cumulative lateral strain between superficial and deep
sub-ROIs was calculated through one plantarflexion/dorsi-
flexion cycle. Shear strain between the sub-ROIs was calcu-
lated as the absolute difference in caudal-cephalad direction
motion between the superficial and deep sub-ROIs divided
by the distance (2 mm) [1] between the centers of the two
sub-ROIs and expressed as a percentage [6].

The maximum change in length was calculated by the
maximum change in relative tissue movement in a rostral-
caudal direction in one plantarflexion/dorsiflexion cycle
[14]. Specifically, this was the maximum length change
between the superficial and deep sub-ROIs within one plan-
tarflexion/dorsiflexion cycle. The sub-ROIs are shown in
Fig. 2A.

Results

The average age was 42.1 years. Seven subjects were
females. The demographics and results are reported in
Table 1. The average maximum change in relative tissue
displacement between the deep and superficial layer of the
ITT was 1.3 mm in the hEDS group, 2.9 mm in the knee pain
without hEDS group, and 4.8 mm in the control group. The
average shear strain was 46.2% in hEDS subjection, 89.5%
in subjects with lower limb pain without hEDS, and 121.1%
in subjects without hEDS or lower limb pain. In the hEDS
subjects, the shear strain was 50% lower than those with
lower limb pain without hEDS and 25% lower in control
subjects without pain or hEDS.

Discussion

The purpose of this study was to characterize inter-fascial
movement in hEDS population using musculoskeletal ultra-
sonography. Currently, hEDS is diagnosed clinically and
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Fig.2 A B-mode (and still frame of cine loop) ultrasound image from
the right lower limb. Rostral-caudal displacement (tissue motion)
between two successively acquired ultrasound frames captured at
40 ms time lapse was computed for each successive pair of ultrasound
frames in a 1Xx 1.5 cm region of interest (ROI) centered on a sub-

Superficial Layer
:f'— ‘

Tensor Fascia Lata Muscle .
I Intermediate Layer

Deep Layer

ROI. The superficial sub-ROI was centered on the merged fascia of
the superficial and intermediate layers of the iliotibial tract (top cir-
cle in figure). The deep sub-ROI was centered on the deep layer of
the iliotibial tract (bottom circle in figure). B Schematic of anatomical
structures

Table 1 Demographic
and results of ultrasound
measurements

hEDS

Age (years) Body mass index Shear strain (median) Maximum change

in length in mm

(median)

hEDS average 31.3 (30) 19.7 (18.6) 46.2% (28.2%) 1.3 (1.1)

Non-hEDS with knee 63.7 (69) 23.7 (24.5) 89.5% (92.8%) 2.93.0)
pain average

Control average 31.3(32) 19.4 (19.0) 121.10% (110.0%) 4.8 (5.7)

hEDS hypermobile Ehlers—Danlos Syndrome, mm millimeters

adjunctive ultrasound characterization may be helpful in
clinically unclear cases.

Previous ultrasound studies showed that although the
ITT did not demonstrate a statistically significant difference
in thickness in those with hEDS compared with groups with-
out hEDS, there was an observable overall increase in thick-
ness of the ITT in hEDS subjects that approached statisti-
cal significance. There was also a higher strain index (more
softening of the fascia with relative stiffening of the muscle)
compared with non-hEDS subjects without knee pain [4].
This suggests that softening of the fascia may occur from
increase in ECM content that may affect gliding and lead to
myofascial pain [5].

Ultrasound examination of inter-fascial movement at
the ITT in hEDS showed that hEDS had significantly less
movement compared to their counterparts without hEDS.
Prior studies of healthy adult males suggested that reduced

inter-fascial plane movement was associated with reduced
joint flexibility [15]. In contrast, the results of this study
suggest in pathologic states of increased joint flexibility in
hEDS, fascial displacement may be reduced.

Changes in inter-fascial plane gliding characteristics
may occur in hEDS from pathologic changes in matrix
metalloproteinases in the ECM [16] and lead to subse-
quent alteration of other ECM components, resulting in
increased viscosity, and reduced lubrication and sliding
movement of fascia [7]. Alteration in avf3 integrin-ILK
complexes in focal adhesions may also occur from the
fibroblast-to-myofibroblast transition [17]. Alterations of
gliding interactions may influence joint mechanics and
lead to impaired biomechanics, proprioceptive dysfunc-
tion, pain [7, 8] and predisposition to injuries [18, 19].
The low shear strain in hEDS compared with non-hEDS
counterparts suggest that this process may be amplified in
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hEDS and may be associated with the high prevalence of
joint instability [20] and proprioceptive dysfunction [21,
22].

Prior studies have demonstrated reduced stiffness of
tendon, fascia and muscle in hEDS/hypermobile spectrum
disorders [4, 23, 24]. This study shows that inter-fascial
gliding may also be impaired and may correlate with the
high prevalence of knee pathology (17.7-26%) [20] and pain
seen in the hEDS population. Prior animal study has shown
that connective tissue contained in muscle may account for
30% of muscle force production [25]. Overall, changes in
the fascia stiffness and gliding in hEDS may correspond to
the 30-49% reduction in strength seen in this population
[22, 26].

The limitation of this study was the small sample size.
Ultrasound is a semi-quantitative methodology and depend-
ent on operator experience. Baseline characteristics of ITT
movement between layers may be variable within normal
populations and larger studies are needed [27]. Nevertheless,
despite the preliminary nature of our data, this study high-
lights the importance of ultrasonography in the examination
of fascia characteristics in the hEDS population. Although
the number of cases is small, the data presented are novel
and can serve as baseline data to guide future larger scale
studies. Further prospective research with a larger number of
participants across practice settings is recommended.

Conclusion

This analysis provides insight into fascial characteristics
in hEDS using ultrasonography. hEDS patients exhibit
decreased inter-fascial shear strain and total movement
between the deep and superficial layers of the ITT compared
to non-hEDS counterparts. In non-hEDS subjects with lower
limb pain, a decrease in inter-fascial shear strain is present
and is more pronounced in hEDS subjects. Increase in ECM
content may be associated with alteration in gliding proper-
ties leading to pain, joint instability, and dysfunction.

Funding Open access funding provided by SCELC, Statewide Califor-
nia Electronic Library Consortium. The authors declare that no funds,
grants, or other support were received during the preparation of this
manuscript.

Data availability Data is avaible from the authors by request.

Declarations

Competing interests There are no conflicts of interest.

Ethical approval This study was performed in accordance with ethical
standards on human experimentation and with the Helsinki Declaration

@ Springer

of 1975, as revised in 1983 and approved by Institutional Review Board
(Study 2019-92-CAS).

Informed consent Informed consent was obtained from all subjects
in the study.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, 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. Fede C, Gaudreault N, Fan C, Macchi V, De Caro R, Stecco C
(2018) Morphometric and dynamic measurements of muscular
fascia in healthy individuals using ultrasound imaging: a sum-
mary of the discrepancies and gaps in the current literature. Surg
Radiol Anat SRA 40(12):1329-1341. https://doi.org/10.1007/
500276-018-2086-1

2. Menon RG, Oswald SF, Raghavan P, Regatte RR, Stecco A (2020)
T1p-Mapping for musculoskeletal pain diagnosis: case series
of variation of water bound glycosaminoglycans quantification
before and after fascial manipulation® in subjects with elbow
pain. Int J Environ Res Public Health. https://doi.org/10.3390/
ijerph17030708

3. Menon RG, Raghavan P, Regatte RR (2019) Quantifying muscle
glycosaminoglycan levels in patients with post-stroke muscle stift-
ness using T1p MRI. Sci Rep 9(1):14513. https://doi.org/10.1038/
$41598-019-50715-x

4. Wang T, Stecco A (2021) Fascial thickness and stiffness in hyper-
mobile Ehlers-Danlos syndrome. Am J Med Genet Part C Semin
Med Genet 187(4):446-452

5. Stecco A, Meneghini A, Stern R, Stecco C, Imamura M (2014)
Ultrasonography in myofascial neck pain: randomized clini-
cal trial for diagnosis and follow-up. Surg Radiol Anat SRA
36(3):243-253. https://doi.org/10.1007/s00276-013-1185-2

6. Langevin HM, Fox JR, Koptiuch C, Badger GJ, Greenan-Nau-
mann AC, Bouffard NA, Konofagou EE, Lee W-N, Triano 1J,
Henry SM (2011) Reduced thoracolumbar fascia shear strain
in human chronic low back pain. BMC Musculoskelet Disord
12:203. https://doi.org/10.1186/1471-2474-12-203

7. Cowman MK, Lee H-G, Schwertfeger KL, McCarthy JB, Turley
EA (2015) The content and size of hyaluronan in biological fluids
and tissues. Front Immunol. https://doi.org/10.3389/fimmu.2015.
00261

8. Fourie WJ (2008) Considering wider myofascial involvement
as a possible contributor to upper extremity dysfunction fol-
lowing treatment for primary breast cancer. ] Bodyw Mov Ther
12(4):349-355. https://doi.org/10.1016/j.jbmt.2008.04.043

9. Malfait F, Francomano C, Byers P, Belmont J, Berglund B, Black
J, Bloom L, Bowen JM, Brady AF, Burrows NP, Castori M, Cohen
H, Colombi M, Demirdas S, De Backer J, De Paepe A, Fournel-
Gigleux S, Frank M, Ghali N, Tinkle B (2017) The 2017 interna-
tional classification of the Ehlers-Danlos syndromes. Am J Med


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s00276-018-2086-1
https://doi.org/10.1007/s00276-018-2086-1
https://doi.org/10.3390/ijerph17030708
https://doi.org/10.3390/ijerph17030708
https://doi.org/10.1038/s41598-019-50715-x
https://doi.org/10.1038/s41598-019-50715-x
https://doi.org/10.1007/s00276-013-1185-2
https://doi.org/10.1186/1471-2474-12-203
https://doi.org/10.3389/fimmu.2015.00261
https://doi.org/10.3389/fimmu.2015.00261
https://doi.org/10.1016/j.jbmt.2008.04.043

Journal of Ultrasound

11.

12.

13.

14.

15.

16.

17.

18.

19.

Genet Part C Semin Med Genet 175(1):8-26. https://doi.org/10.
1002/ajmg.c.31552

. Huang BK, Campos JC, Michael Peschka PG, Pretterklieber ML,

Skaf AY, Chung CB, Pathria MN (2013) Injury of the gluteal
aponeurotic fascia and proximal iliotibial band: anatomy, patho-
logic conditions, and MR imaging. Radiographics 33(5):1437—
1452. https://doi.org/10.1148/rg.335125171

Cruz-Montecinos C, Cerda M, Sanzana-Cuche R, Martin-Mar-
tin J, Cuesta-Vargas A (2016) Ultrasound assessment of fascial
connectivity in the lower limb during maximal cervical flexion:
Technical aspects and practical application of automatic tracking.
BMC Sports Sci Med Rehabil 8(1):18. https://doi.org/10.1186/
s13102-016-0043-z

Stecco C, Pavan PG, Porzionato A, Macchi V, Lancerotto L, Car-
niel EL, Natali AN, De Caro R (2009) Mechanics of crural fas-
cia: From anatomy to constitutive modelling. Surg Radiol Anat
31(7):523-529. https://doi.org/10.1007/s00276-009-0474-2
Dones VC, Tangcuangco LPD, Regino JM (2021) The reliability
in determining the deep fascia displacement of the upper trape-
zius during cervical movement: a pilot study. J Bodyw Mov Ther
27:239-246. https://doi.org/10.1016/j.jbmt.2021.02.016
Griefahn A, Oehlmann J, Zalpour C, von Piekartz H (2017) Do
exercises with the Foam Roller have a short-term impact on the
thoracolumbar fascia?—A randomized controlled trial. ] Bodyw
Mov Ther 21(1):186-193. https://doi.org/10.1016/j.jbmt.2016.05.
011

Cruz-Montecinos C, Gonzalez Blanche A, Lépez Sanchez D,
Cerda M, Sanzana-Cuche R, Cuesta-Vargas A (2015) In vivo rela-
tionship between pelvis motion and deep fascia displacement of
the medial gastrocnemius: anatomical and functional implications.
J Anat 227(5):665-672. https://doi.org/10.1111/joa.12370
Chiarelli N, Zoppi N, Venturini M, Capitanio D, Gelfi C, Ritelli
M, Colombi M (2021) Matrix metalloproteinases inhibition by
doxycycline rescues extracellular matrix organization and partly
reverts myofibroblast differentiation in hypermobile Ehlers-Dan-
los syndrome dermal fibroblasts: a potential therapeutic target?
Cells 10(11):3236. https://doi.org/10.3390/cells10113236

Zoppi N, Chiarelli N, Binetti S, Ritelli M, Colombi M (2018)
Dermal fibroblast-to-myofibroblast transition sustained by avB33
integrin-ILK-Snail1/Slug signaling is a common feature for
hypermobile Ehlers-Danlos syndrome and hypermobility spec-
trum disorders. Biochim Biophys Acta (BBA) Mol Basis Dis
1864(4):1010-1023. https://doi.org/10.1016/j.bbadis.2018.01.005
Stecco A, Stecco C, Macchi V, Porzionato A, Ferraro C, Masiero
S, De Caro R (2011) RMI study and clinical correlations of ankle
retinacula damage and outcomes of ankle sprain. Surg Radiol
Anat 33(10):881-890. https://doi.org/10.1007/s00276-011-0784-z
Stecco C, Macchi V, Porzionato A, Morra A, Parenti A, Stecco A,
Delmas V, De Caro R (2010) The ankle retinacula: morphological

20.

21.

22.

23.

24.

25.

26.

217.

evidence of the proprioceptive role of the fascial system. Cells
Tissues Organs 192(3):200-210. https://doi.org/10.1159/00029
0225

Morlino S, Dordoni C, Sperduti I, Venturini M, Celletti C, Cam-
erota F, Colombi M, Castori M (2017) Refining patterns of joint
hypermobility, habitus, and orthopedic traits in joint hypermobil-
ity syndrome and Ehlers-Danlos syndrome, hypermobility type.
Am J Med Genet A 173(4):914-929. https://doi.org/10.1002/
ajmg.a.38106

Clayton HA, Jones SAH, Henriques DYP (2015) Proprioceptive
precision is impaired in Ehlers-Danlos syndrome. Springerplus
4(1):323. https://doi.org/10.1186/s40064-015-1089-1

Scheper M, Rombaut L, de Vries J, De Wandele I, van der Esch M,
Visser B, Malfait F, Calders P, Engelbert R (2017) The association
between muscle strength and activity limitations in patients with
the hypermobility type of Ehlers-Danlos syndrome: the impact
of proprioception. Disabil Rehabil 39(14):1391-1397. https://doi.
org/10.1080/09638288.2016.1196396

Alsiri N, Al-Obaidi S, Asbeutah A, Almandeel M, Palmer S
(2019) The impact of hypermobility spectrum disorders on mus-
culoskeletal tissue stiffness: an exploration using strain elastog-
raphy. Clin Rheumatol 38(1):85-95. https://doi.org/10.1007/
$10067-018-4193-0

Rombaut L, Malfait F, De Wandele I, Mahieu N, Thijs Y, Segers
P, De Paepe A, Calders P (2012) Muscle-tendon tissue properties
in the hypermobility type of Ehlers-Danlos syndrome: muscle
tension and achilles tendon stiffness in EDS-HT patients. Arthritis
Care Res 64(5):766—772. https://doi.org/10.1002/acr.21592
Huijing PA, Baan GC (2003) Myofascial force transmission: Mus-
cle relative position and length determine agonist and synergist
muscle force. J Appl Physiol 94(3):1092-1107. https://doi.org/10.
1152/japplphysiol.00173.2002

Rombaut L, Malfait F, De Wandele I, Taes Y, Thijs Y, De Paepe
A, Calders P (2012) Muscle mass, muscle strength, functional
performance, and physical impairment in women with the hyper-
mobility type of Ehlers-Danlos syndrome. Arthritis Care Res
64(10):1584-1592. https://doi.org/10.1002/acr.21726

Besomi M, Salomoni SE, Cruz-Montecinos C, Stecco C, Vicen-
zino B, Hodges PW (2022) Distinct displacement of the superfi-
cial and deep fascial layers of the iliotibial band during a weight
shift task in runners: an exploratory study. J Anat 240(3):579-588.
https://doi.org/10.1111/joa.13575

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1002/ajmg.c.31552
https://doi.org/10.1002/ajmg.c.31552
https://doi.org/10.1148/rg.335125171
https://doi.org/10.1186/s13102-016-0043-z
https://doi.org/10.1186/s13102-016-0043-z
https://doi.org/10.1007/s00276-009-0474-2
https://doi.org/10.1016/j.jbmt.2021.02.016
https://doi.org/10.1016/j.jbmt.2016.05.011
https://doi.org/10.1016/j.jbmt.2016.05.011
https://doi.org/10.1111/joa.12370
https://doi.org/10.3390/cells10113236
https://doi.org/10.1016/j.bbadis.2018.01.005
https://doi.org/10.1007/s00276-011-0784-z
https://doi.org/10.1159/000290225
https://doi.org/10.1159/000290225
https://doi.org/10.1002/ajmg.a.38106
https://doi.org/10.1002/ajmg.a.38106
https://doi.org/10.1186/s40064-015-1089-1
https://doi.org/10.1080/09638288.2016.1196396
https://doi.org/10.1080/09638288.2016.1196396
https://doi.org/10.1007/s10067-018-4193-0
https://doi.org/10.1007/s10067-018-4193-0
https://doi.org/10.1002/acr.21592
https://doi.org/10.1152/japplphysiol.00173.2002
https://doi.org/10.1152/japplphysiol.00173.2002
https://doi.org/10.1002/acr.21726
https://doi.org/10.1111/joa.13575

	Change in gliding properties of the iliotibial tract in hypermobile Ehlers–Danlos Syndrome
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Results
	Discussion
	Conclusion
	References


