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Abstract

There is a high prevalence of myofascial pain in people with hypermobile Ehlers-

Danlos Syndrome (hEDS). The fascial origin of pain may correspond to changes in

the extracellular matrix. The objective of this study was to investigate structural

changes in fascia in hEDS. A series of 65 patients were examined prospectively—

26 with hEDS, and 39 subjects with chronic neck, knee, or back pain without

hEDS. The deep fascia of the sternocleidomastoid, iliotibial tract, and iliac fascia

were examined with B-mode ultrasound and strain elastography, and the thick-

nesses were measured. Stiffness (strain index) was measured semi-quantitatively

using elastography comparing fascia to muscle. Differences between groups were

compared using one-way analysis of variance. hEDS subjects had a higher mean

thickness in the deep fascia of the sternocleidomastoid compared with non-hEDS

subjects. There was no significant difference in thickness of the iliac fascia and ili-

otibial tract between groups. Non-hEDS subjects with pain had a higher strain

index (more softening of the fascia with relative stiffening of the muscle) com-

pared with hEDS subjects and non-hEDS subjects without back or knee pain. In

myofascial pain, softening of the fascia may occur from increase in extracellular

matrix content and relative increase in stiffness of the muscle; this change is not

as pronounced in hEDS.
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1 | INTRODUCTION

Hypermobile Ehlers-Danlos syndrome (hEDS) is a heritable connec-

tive tissue disorder characterized by generalized joint hyper-

mobility, joint instability, and skin changes. The hEDS population

experiences a high burden of pain (Bénistan & Martinez, 2019). The

pathophysiology of pain and myofascial pain, in particular, are

complex. Several studies have implicated additional soft tissue

structures beyond a purely muscle origin (Affaitati et al., 2011;

Giamberardino et al., 2007; C. Stecco & Day, 2010; Vecchiet &

Giamberardino, 1994).

Myofascial pain may correlate with increased thickness of deep

fascia (A. Stecco, Meneghini, Stern, Stecco, & Imamura, 2014) with a

corresponding aggregate of extracellular matrix (ECM) content

(Menon, Oswald, Raghavan, Regatte, & Stecco, 2020; Menon,

Raghavan, & Regatte, 2019), a phenomenon termed densification

(Pavan, Stecco, Stern, & Stecco, 2014). Densification is defined as an

increasing of ECM viscosity associated with alteration in gliding

between fascial layers (Langevin et al., 2011) or interfaces within
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muscles, tendons, ligaments (Cowman, Lee, Schwertfeger, McCarthy, &

Turley, 2015; Fourie, 2008). In addition to the fascia, there is a non-

uniform increase in muscle stiffness in myofascial pain, (Müller,

Aranha, & Gavi~ao, 2015; Sikdar et al., 2009; Turo et al., 2015) associ-

ated with an increase in ECM content.

Few studies have explored the ECM in the hEDS population

(Chiarelli et al., 2016; Zoppi, Chiarelli, Binetti, Ritelli, & Colombi, 2018).

Understanding of how fascial stiffness and densification correlates with

the clinical presentation and myofascial pain in hEDS is lacking. The

objective of this study was to characterize these parameters in hEDS

patients.

2 | METHODS

This IRB approved observational study involved 65 adult patients

(≥18 years of age) who were examined prospectively. Twenty-seven

patients had hypermobile EDS by 2017 diagnostic criteria (Malfait

et al., 2017). Thirty-nine subjects without hEDS had chronic neck,

knee, or back pain. All subjects consented to ultrasound examination

at an outpatient Physical Medicine and Rehabilitation practice.

Three body sites, namely sternocleidomastoid muscle (SCM), the

iliotibial tract (ITT), and the fascia iliaca (FI) were examined with B-

mode scanning and strain elastography using the Sonimage HS-1

(Konica Minolta Corporation, Japan) and a L18-4 transducer. The

patients were examined in a relaxed supine position. Strain

elastography was performed via repetitive light compressions with

the hand-held transducer over the areas of interest. The protocol is

shown in Figure 1.

The thickness and strain ratios of the areas of interest were mea-

sured using built-in software and the strain index (SI) was calculated,

as the fascia (A) to muscle (B) ratio, respectively (SI = A/B ratio)

(Figure 2). Differences in SI and fascial thickness were compared using

analysis of variance using XLMiner Analysis ToolPak (Frontline Sys-

tems Inc., Nevada, USA). Statistical significance was set at p < 0.05.

3 | RESULTS

Twenty-seven patients with hEDS (all female) and 39 controls without

hEDS (54% female) were included in the analysis. Additional demo-

graphics by subgroup are shown in Table 1.

hEDS subjects had a higher mean thickness (1.8 ± 0.3 mm) in

SCM deep fascia compared with non-hEDS patients with neck

pain (1.5 ± 0.3 mm) and non-hEDS patients without neck pain

(1.3 ± 0.2 mm). Non-hEDS subjects without neck, knee, or back

pain had lower average SI (<1.00) indicating a higher level of stiff-

ness in the fascia compared with their counterparts with neck,

knee, or back pain. Non-hEDS patients with pain had a higher

average SI indicating a softening of the fascia compared with a rel-

ative nonuniform stiffening of the muscle. hEDS subjects had a

reduced differential in softening of the fascia compared with mus-

cle (Table 2).

4 | DISCUSSION

4.1 | Deep fascia thickness

SCM deep fascia thickness in non-hEDS subjects without neck pain

(1.3 ± 0.2 mm) or with neck pain (1.5 ± 0.3 mm) were consistent with

the prior report of abnormal values >1.5 mm (A. Stecco et al., 2014).

hEDS patients had greater mean SCM deep fascia thickness (1.8

± 0.3 mm) compared with non-hEDS patients with neck pain,

suggesting an amplified laydown of ECM. A nonstatistically significant

trend of increased thickening of the ITT and FI was seen in subjects

with pain compared to subjects without pain.

The excess laydown of ECM content within fascial layers is

associated with thickening of the deep fascia and the pathogenesis

of myofascial pain (Hoheisel, Rosner, & Mense, 2015; Stecco

et al., 2011, 2014; Vergara et al., 2020). An excess amount of ECM

may increase its viscosity (Cowman et al., 2015) irritating the abun-

dant c-fiber content of fascia (Mense, 2019), resulting in pain and

dysfunction. The greater thickening of deep fascia seen in the hEDS

subjects may suggest that this process is amplified in this

population.

F IGURE 1 Ultrasound protocol of areas of interest.
(a) Examination the SCM. The transducer was placed on the superior
edge of the clavicle parallel to the SCM (A. Stecco et al., 2014).
(b) Examination the ITT. The transducer was placed distally to the end
of the TFL at the level of the greater trochanter in cranio-caudal
direction (Flato et al., 2017). (c) Examination the FI. The transducer
was placed inferior to the anterior superior iliac spine medially and
parallel to the inguinal ligament (Xu et al., 2020)
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The excess laydown of ECM may occur in response to inflam-

mation (Hoheisel et al., 2015). The phenotypic presentation of

hEDS is wide and is associated with multiple inflammatory-like

conditions and symptoms. Proteomic studies in hEDS showed dys-

regulated expression of genes involved in inflammation, pain, and

immune responses in the ECM environment (Chiarelli et al., 2016,

2021). Pathologic fibroblast-to-myofibroblast transition was

present and prevalent and associated with augmented levels

of inflammatory mediators including metalloproteinase-9 (Zoppi

et al., 2018).

4.2 | Muscle changes and palpation

Softening of the deep fascia was seen in both hEDS and non-hEDS

patients with neck pain. This change was also seen in the ITT and FI

and may occur from increase in ECM content that has not yet under-

gone increase in viscosity. A relative nonuniform increase in stiffness

of the associated muscle (including its perimysium and epimysium)

was seen in non-hEDS subjects with neck, knee, and back pain. This

was consistent with previous sonoelastography studies of myofascial

trigger points (Sikdar et al., 2009; Turo et al., 2015).

F IGURE 2 Ultrasound of areas of interest. B-mode ultrasound in black and white and strain elastography in color. Blue represents stiffer
areas while red represents softer areas. Ultrasound images of subjects with 1. hEDS, 2. non-hEDS with pain, 3. non-hEDS without pain.
Ultrasound image of row a. head of the SCM, row b. ITT, row c. FI. The thickness of deep fascia on the superficial SCM border was measured
over three areas and the associated stiffness was measured semi-quantitatively using elastography comparing the deep fascia with the underlying
muscle. The thickness of the ITT was measured where the superficial, intermediate and deep layers blended into organized fibers approximately
3 mm distal to the belly of the TFL (Flato et al., 2017). Stiffness was measured semi-quantitatively using elastography comparing the organized
fibers of the ITT with the proximal TFL. The thickness of the FI was measured at two areas where it emerged from the conjoint tendon with the
transversus abdominis and internal oblique abdominis and associated stiffness was measured semi-quantitatively using elastography comparing
the FI with the underlying iliacus muscle. Strain ratios were measured using built-in software and the strain index (SI) was calculated, as the fascia
(A) to muscle strain (B), respectively (SI = A/B ratio)

TABLE 1 Demographics of patients by subgroups

Age (years) Female (n) Duration of pain (years) BMI n

All hEDS 35 ± 10 27 18 ± 13 21 ± 3 27

All non-hEDS 48 ± 17 21 11 ± 13 24 ± 4 39

hEDS with neck pain 35 ± 10 27 18 ± 13 21 ± 3 27

Non-hEDS with neck pain 48 ± 17 15 16 ± 14 24 ± 4 27

Non-hEDS without neck pain 47 ± 18 5 - 24 ± 5 11

hEDS with knee pain 35 ± 10 21 20 ± 13 21 ± 3 21

Non-hEDS with knee pain 54 ± 14 9 11 ± 13 26 ± 5 14

Non-hEDS without knee pain 40 ± 17 15 - 24 ± 4 17

hEDS with back pain 35 ± 10 24 18 ± 13 21 ± 3 24

Non-hEDS with back pain 49 ± 16 11 12 ± 13 23 ± 3 16

Non-hEDS without back pain 41 ± 18 1 - 25 ± 3 7
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The muscle is a recognized source of pain in myofascial pain

(Donnelly & Simons, 2019). Excess ECM with aggregation of glycos-

aminoglycans in the muscle itself has also been demonstrated in

myofascial pain (Margalef et al., 2019). These aggregates occur in

relation to connective tissue (Äärimaa et al., 2004; Kääriäinen

et al., 1998) and may account for the change in stiffness seen in

underlying muscle of myofascial pain points. This change is hetero-

geneous, but overall a stiffening is seen in the muscle (Sikdar

et al., 2009; Turo et al., 2015) in relation to overall softening in areas

of thickened fascia. Clinically, palpation of stiff muscle and tender

points associated with myofascial pain (A. Stecco, Pirri, De Caro, &

Raghavan, 2019) may be amplified by the softening of the overlying

deep fascia.

In the analysis of muscle morphology, attention has to be given

to the connective tissue continued within muscle such as perimy-

sium and endomysium, both of which are composed of multiple

layers of dense connective tissue with an interface filled by loose

connective tissue. It cannot be excluded that muscle stiffness could

be generated by an increase of the ECM (Özçakar, Ata, Kaymak,

Kara, & Kumbhare, 2018; Sikdar, Shah, Gilliams, Gebreab, &

Gerber, 2008) that can lead to increase of viscosity and consequent

lack of gliding.

This stiffening of the underlying muscle relative to the overlying

deep fascia was not as pronounced in hEDS. Previously, significant

softening of the biceps brachii and brachioradialis compared to the

overlying superficial fascia was seen in hypermobile spectrum disorder

subjects compared to controls (Alsiri, Al-Obaidi, Asbeutah,

Almandeel, & Palmer, 2019). These changes may be secondary to

pathologic changes found in the ECM content and organization seen

in hEDS (Chiarelli et al., 2016, 2021). Clinically, this reduced differen-

tial in stiffness between the fascia and muscle may be felt as uniform

softness, making palpatory diagnosis of myofascial changes difficult in

the hEDS population.

4.3 | Gliding

Deep fascia densification is also associated with alteration in gliding prop-

erties (Cowman et al., 2015; Langevin et al., 2011). A possible etiology is

the alteration of hyaluronan, a high molecular weight glycosaminoglycan

of the ECM. Inflammatory conditions increase the concentration of

hyaluronan with macromolecular crowding, increased viscosity, and

reduced lubrication and sliding movement of fascia (Cowman et al., 2015).

Changes in gliding properties of fascia in hEDS may also occur from the

fibroblast-to-myofibroblast transition associated with alteration in αvβ3

integrin-ILK complexes in focal adhesions (Zoppi et al., 2018).

These alterations of gliding interactions may influence joint mobil-

ity and lead to impaired biomechanics, altered alignment, propriocep-

tive dysfunction, pain (Cowman et al., 2015; Fourie, 2008), and

predisposition to future injuries (Stecco et al., 2010, 2011). The

thicker ECM seen in hEDS patients suggests that this process may be

amplified in hEDS and may associated with the high prevalence of

joint instability (Morlino et al., 2017) and proprioceptive dysfunction

(Clayton, Jones, & Henriques, 2015; Scheper et al., 2017).

4.4 | Stabilization

Hip dysfunction has been implicated in back pain (Prather, Cheng,

Steger-May, Maheshwari, & Van Dillen, 2017; Sadeghisani et al., 2015).

The FI thickness was not significantly different; however, there were

differences in FI stiffness between groups. A significant softening of

the FI compared to a relative stiffening of the underlying iliacus muscle

was seen in non-hEDS subjects with back pain. The change in stiffness

may reflect changes in ECM content, quality, and gliding that may con-

tribute to pathologic hip mechanics previously reported in relationship

to back pain (Sadeghisani et al., 2015). In addition, the lateral one-third

of the FI gives rise to the transversus abdominis and internal oblique

TABLE 2 Fascia thickness and strain index of areas of interest

Fascia thickness (mm) Strain index* (SI = A/B)

SCM deep fascia A SCM deep fascia, B SCM

hEDS with neck pain 1.8 ± 0.3 p < 0.05 1.32 ± 0.33 p < 0.05

Non-hEDS with neck pain 1.5 ± 0.3 2.35 ± 2.02

Non-hEDS without neck pain 1.3 ± 0.2 0.88 ± 0.41

ITT A ITT, B TFL

hEDS with knee pain 2.3 ± 0.7 p = 0.15 1.01 ± 0.17 p < 0.05

Non-hEDS with knee pain 2.3 ± 0.3 1.34 ± 0.18

Non-hEDS without knee pain 2.0 ± 0.6 0.53 ± 0.04

Iliac fascia A iliac fascia, B iliacus

hEDS with back pain 2.0 ± 0.7 p = 0.17 1.23 ± 0.17 p < 0.001

Non-hEDS with back pain 1.9 ± 0.5 2.13 ± 1.7

Non-hEDS without back pain 1.7 ± 0.6 0.70 ± 0.06

Abbreviations: ITT, iliotibial tract; SCM, sternocleidomastoid; TFL, tensor fascial lata.

*Higher SI indicates softening of fascia to muscle. Lower SI indicates stiffening of fascia in relation to muscle.
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abdominis forming a conjoint tendinous sheet (Cramer, Darby, &

Cramer, 2014; Xu et al., 2020) and is important for the stability of the

lumbar region (Fan et al., 2018). Alteration of the stiffness in the FI may

contribute to instability of the lumbar region through this complex fas-

cial relationship and contribute to back pain.

This differential in stiffness was reduced in hEDS subjects with an

overall softening of both the FI and underlying iliacus. Both abdomi-

nal/pelvic girdle muscles and the associated fascia are important for

stability of the lumbar region (Dufour, Vandyken, Forget, &

Vandyken, 2018; Fan et al., 2018), and changes in the stiffness in

hEDS may be associated with the high prevalence of back pain (67.2–

75%) (Mazziotti et al., 2016; Stanitski, Nadjarian, Stanitski, Bawle, &

Tsipouras, 2000). The anterior hip complex along with the muscles,

tendons, and connective tissue superficial to the capsule–labral com-

plex plays a role in the stabilization of the hip joint (Fabricant, Bedi,

De La Torre, & Kelly, 2012). The softening of the FI in hEDS and the

likely associated changes in the mechanics of the anterior hips

(Jacobsen et al., 2018) may also be contributory to the instability seen

in the hips of hEDS patients (25–29.2%) (Morlino et al., 2017).

4.5 | Strength

Alterations of the ITT are associated with knee and hip pathology

(Flato et al., 2017). The ITT thickness was not significantly different

between groups and consistent with the range of 1.10–3.34 mm pre-

viously reported (Fede et al., 2018). Significant softening of the ITT

relative to stiffening of the TFL was seen in non-hEDS subjects with

knee pain compared to their counterparts without knee pain. Prior

studies of the distal ITT at the lateral femoral epicondyle have been

inconsistent (Flato et al., 2017; Friede, Klauser, Fink, & Csapo, 2020)

possibly because the pathology may be occurring at the proximal ITT

in knee pain as this study demonstrates.

This differential in stiffness of the ITT was reduced in the hEDS

subjects. Lower tendon stiffness and muscle tension is seen in hEDS/

hypermobile spectrum disorder, in particular the patellar and Achilles

tendons (Alsiri et al., 2019; Rombaut et al., 2012) and now the ITT.

This may be associated with the high prevalence of knee pathology

(17.7–26%) (Morlino et al., 2017) and pain seen in hEDS patients.

Overall, changes in the fascia, tendon, and muscle seen in hyper-

mobile EDS may correspond to the associated 30–49% reduction in

strength seen in this population (Rombaut et al., 2012; Scheper

et al., 2017). Prior animal study has shown that connective tissue con-

tained in muscle alone accounts for 30% of muscle force (Huijing &

Baan, 2003). These strength changes are also associated with reduced

muscle endurance and diminished functional activity, particularly walk-

ing and bending (Rombaut, Malfait, De Wandele, Taes, et al., 2012).

5 | CONCLUSION

This analysis provides insight into fascial characteristics in hEDS-

stiffness and thickness changes in the muscle and fascia. hEDS

patients exhibit increased deep fascia thickness compared to non-

hEDS counterparts. In non-hEDS subjects, an increase of fascial thick-

ness is recognized in symptomatic subjects; however, a softening of

fascia with associated stiffening of the underline muscle infrastructure

occurs with myofascial pain. Softening of the deep fascia may occur

from increase in ECM content, that has not undergone change in vis-

cosity, and relative increase in stiffness of the associated muscle infra-

structure (perimysium and epimysium). This change is not as

pronounced in hEDS. These changes in the deep fascia, muscle, and

tendons of hEDS patients may be associated with alteration in gliding

properties leading to pain, joint instability, and dysfunction.

The limitation of this study was the single-center design with low

sample size at risk for type II error. Additionally, ultrasound

elastography is a semi-quantitative methodology and dependent on

operator experience. Nevertheless, despite the preliminary nature of

our data, this study highlights important fascia characteristics in the

hEDS population and possibilities for diagnosis and treatment. Assess-

ment of stiffness and tissue glide with sonoelastography may further

support diagnosis of hEDS and may guide treatment intervention.

Repeated evaluation with sonoelastography after treatment may aid

in the assessment of treatment efficacy.

CONFLICT OF INTEREST

None.

AUTHOR CONTRIBUTIONS

Tina J. Wang, Antonio Stecco: manuscript prepared, conceptualized,

and researched; Tina Wang data research and analyzed, clinical care.

All authors read and approved the final manuscript.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available from the

corresponding author upon reasonable request.

ORCID

Tina J. Wang https://orcid.org/0000-0003-3705-7927

Antonio Stecco https://orcid.org/0000-0003-0232-8037

REFERENCES

Äärimaa, V., Kääriäinen, M., Vaittinen, S., Tanner, J., Järvinen, T., Best, T., &

Kalimo, H. (2004). Restoration of myofiber continuity after tran-

section injury in the rat soleus. Neuromuscular Disorders, 14(7), 421–
428. https://doi.org/10.1016/j.nmd.2004.03.009

Affaitati, G., Costantini, R., Fabrizio, A., Lapenna, D., Tafuri, E., &

Giamberardino, M. A. (2011). Effects of treatment of peripheral pain

generators in fibromyalgia patients. European Journal of Pain, 15(1),

61–69. https://doi.org/10.1016/j.ejpain.2010.09.002
Alsiri, N., Al-Obaidi, S., Asbeutah, A., Almandeel, M., & Palmer, S. (2019).

The impact of hypermobility spectrum disorders on musculoskeletal

tissue stiffness: An exploration using strain elastography. Clinical

Rheumatology, 38(1), 85–95. https://doi.org/10.1007/s10067-018-

4193-0

Bénistan, K., & Martinez, V. (2019). Pain in hypermobile Ehlers-Danlos syn-

drome: New insights using new criteria. American Journal of Medical

Genetics. Part A, 179(7), 1226–1234. https://doi.org/10.1002/ajmg.a.

61175

450 WANG AND STECCO

https://orcid.org/0000-0003-3705-7927
https://orcid.org/0000-0003-3705-7927
https://orcid.org/0000-0003-0232-8037
https://orcid.org/0000-0003-0232-8037
https://doi.org/10.1016/j.nmd.2004.03.009
https://doi.org/10.1016/j.ejpain.2010.09.002
https://doi.org/10.1007/s10067-018-4193-0
https://doi.org/10.1007/s10067-018-4193-0
https://doi.org/10.1002/ajmg.a.61175
https://doi.org/10.1002/ajmg.a.61175
mats
Markering



Chiarelli, N., Carini, G., Zoppi, N., Dordoni, C., Ritelli, M., Venturini, M., …
Colombi, M. (2016). Transcriptome-wide expression profiling in skin

fibroblasts of patients with joint hypermobility syndrome/Ehlers-

Danlos syndrome hypermobility type. PLoS One, 11(8), e0161347.

https://doi.org/10.1371/journal.pone.0161347

Chiarelli, N., Zoppi, N., Ritelli, M., Venturini, M., Capitanio, D., Gelfi, C., &

Colombi, M. (2021). Biological insights in the pathogenesis of hyper-

mobile Ehlers-Danlos syndrome from proteome profiling of patients'

dermal myofibroblasts. Biochimica et Biophysica Acta (BBA) - Molecular

Basis of Disease, 1867(4), 166051. https://doi.org/10.1016/j.bbadis.

2020.166051

Clayton, H. A., Jones, S. A. H., & Henriques, D. Y. P. (2015). Proprioceptive

precision is impaired in Ehlers–Danlos syndrome. Springerplus, 4(1),

323. https://doi.org/10.1186/s40064-015-1089-1

Cowman, M. K., Lee, H.-G., Schwertfeger, K. L., McCarthy, J. B., &

Turley, E. A. (2015). The content and size of Hyaluronan in biological

fluids and tissues. Frontiers in Immunology, 6. https://doi.org/10.3389/

fimmu.2015.00261

Cramer, G. D., Darby, S. A., & Cramer, G. D. (2014). Clinical anatomy of the

spine, spinal cord, and ANS (3rd ed.). St. Louis, MO: Elsevier.

Donnelly, J. M., & Simons, D. G. (2019). Travell, Simons & Simons' myofascial

pain and dysfunction: The trigger point manual (Third ed.). Philadelphia:

Wolters Kluwer Health.

Dufour, S., Vandyken, B., Forget, M.-J., & Vandyken, C. (2018). Association

between lumbopelvic pain and pelvic floor dysfunction in women: A

cross sectional study. Musculoskeletal Science & Practice, 34, 47–53.
https://doi.org/10.1016/j.msksp.2017.12.001

Fabricant, P. D., Bedi, A., De La Torre, K., & Kelly, B. T. (2012). Clinical out-

comes after arthroscopic psoas lengthening: The effect of femoral ver-

sion. Arthroscopy: The Journal of Arthroscopic & Related Surgery, 28(7),

965–971. https://doi.org/10.1016/j.arthro.2011.11.028
Fan, C., Fede, C., Gaudreault, N., Porzionato, A., Macchi, V., De Caro, R., &

Stecco, C. (2018). Anatomical and functional relationships between

external abdominal oblique muscle and posterior layer of

thoracolumbar fascia: Anatomical and functional relationships

between the external abdominal oblique muscle. Clinical Anatomy,

31(7), 1092–1098. https://doi.org/10.1002/ca.23248
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 summary of the dis-

crepancies and gaps in the current literature. Surgical and Radiologic

Anatomy, 40(12), 1329–1341. https://doi.org/10.1007/s00276-018-
2086-1

Flato, R., Passanante, G. J., Skalski, M. R., Patel, D. B., White, E. A., &

Matcuk, G. R. (2017). The iliotibial tract: Imaging, anatomy, injuries,

and other pathology. Skeletal Radiology, 46(5), 605–622. https://doi.
org/10.1007/s00256-017-2604-y

Fourie, W. J. (2008). Considering wider myofascial involvement as a possi-

ble contributor to upper extremity dysfunction following treatment for

primary breast cancer. Journal of Bodywork and Movement Therapies,

12(4), 349–355. https://doi.org/10.1016/j.jbmt.2008.04.043

Friede, M. C., Klauser, A., Fink, C., & Csapo, R. (2020). Stiffness of the ili-

otibial band and associated muscles in runner's knee: Assessing the

effects of physiotherapy through ultrasound shear wave elastography.

Physical Therapy in Sport, 45, 126–134. https://doi.org/10.1016/j.

ptsp.2020.06.015

Giamberardino, M. A., Tafuri, E., Savini, A., Fabrizio, A., Affaitati, G.,

Lerza, R., … Mezzetti, A. (2007). Contribution of myofascial trigger

points to migraine symptoms. The Journal of Pain, 8(11), 869–878.
https://doi.org/10.1016/j.jpain.2007.06.002

Hoheisel, U., Rosner, J., & Mense, S. (2015). Innervation changes induced

by inflammation of the rat thoracolumbar fascia. Neuroscience, 300,

351–359. https://doi.org/10.1016/j.neuroscience.2015.05.034
Huijing, P. A., & Baan, G. C. (2003). Myofascial force transmission: Muscle

relative position and length determine agonist and synergist muscle

force. Journal of Applied Physiology, 94(3), 1092–1107. https://doi.org/
10.1152/japplphysiol.00173.2002

Jacobsen, J. S., Hölmich, P., Thorborg, K., Bolvig, L., Jakobsen, S. S.,

Søballe, K., & Mechlenburg, I. (2018). Muscle-tendon-related pain in

100 patients with hip dysplasia: Prevalence and associations with self-

reported hip disability and muscle strength. Journal of Hip Preservation

Surgery, 5(1), 39–46. https://doi.org/10.1093/jhps/hnx041
Kääriäinen, M., Kääriäinen, J., Järvinen, T. L. N., Sievänen, H., Kalimo, H., &

Järvinen, M. (1998). Correlation between biomechanical and structural

changes during the regeneration of skeletal muscle after laceration

injury: Laceration injury of skeletal muscle. Journal of Orthopaedic

Research, 16(2), 197–206. https://doi.org/10.1002/jor.1100160207
Langevin, H. M., Fox, J. R., Koptiuch, C., Badger, G. J., Greenan-

Naumann, A. C., Bouffard, N. A., … Henry, S. M. (2011). Reduced

thoracolumbar fascia shear strain in human chronic low back pain.

BMC Musculoskeletal Disorders, 12(1), 203. https://doi.org/10.1186/

1471-2474-12-203

Malfait, F., Francomano, C., Byers, P., Belmont, J., Berglund, B., Black, J., …
Tinkle, B. (2017). The 2017 international classification of the Ehlers-

Danlos syndromes. American Journal of Medical Genetics Part C: Semi-

nars in Medical Genetics, 175(1), 8–26. https://doi.org/10.1002/ajmg.c.

31552

Margalef, R., Sisquella, M., Bosque, M., Romeu, C., Mayoral, O.,

Monterde, S., … Santafe, M. M. (2019). Experimental myofascial trigger

point creation in rodents. Journal of Applied Physiology (Bethesda, MD:

1985), 126(1), 160–169. https://doi.org/10.1152/japplphysiol.00248.
2018

Mazziotti, G., Dordoni, C., Doga, M., Galderisi, F., Venturini, M., Calzavara-

Pinton, P., … Colombi, M. (2016). High prevalence of radiological ver-

tebral fractures in adult patients with Ehlers–Danlos syndrome. Bone,

84, 88–92. https://doi.org/10.1016/j.bone.2015.12.007
Menon, R. G., Oswald, S. F., Raghavan, P., Regatte, R. R., & Stecco, A.

(2020). T1ρ-mapping for musculoskeletal pain diagnosis: Case series of

variation of water bound glycosaminoglycans quantification before

and after fascial manipulation® in subjects with elbow pain. Interna-

tional Journal of Environmental Research and Public Health, 17(3), 708.

https://doi.org/10.3390/ijerph17030708

Menon, R. G., Raghavan, P., & Regatte, R. R. (2019). Quantifying muscle

glycosaminoglycan levels in patients with post-stroke muscle stiffness

using T1ρ MRI. Scientific Reports, 9(1), 14513. https://doi.org/10.

1038/s41598-019-50715-x

Mense, S. (2019). Innervation of the thoracolumbar fascia. European Jour-

nal of Translational Myology, 29(3), 151–158. https://doi.org/10.4081/
ejtm.2019.8297

Morlino, S., Dordoni, C., Sperduti, I., Venturini, M., Celletti, C.,

Camerota, F., … Castori, M. (2017). Refining patterns of joint hyper-

mobility, habitus, and orthopedic traits in joint hypermobility syn-

drome and Ehlers-Danlos syndrome, hypermobility type. American

Journal of Medical Genetics Part A, 173(4), 914–929. https://doi.org/
10.1002/ajmg.a.38106

Müller, C. E. E., Aranha, M. F. M., & Gavi~ao, M. B. D. (2015). Two-

dimensional ultrasound and ultrasound elastography imaging of trigger

points in women with myofascial pain syndrome treated by acupunc-

ture and electroacupuncture: A double-blinded randomized controlled

pilot study. Ultrasonic Imaging, 37(2), 152–167. https://doi.org/10.

1177/0161734614546571

Özçakar, L., Ata, A. M., Kaymak, B., Kara, M., & Kumbhare, D. (2018). Ultra-

sound imaging for sarcopenia, spasticity and painful muscle syn-

dromes. Current Opinion in Supportive and Palliative Care, 12(3), 373–
381. https://doi.org/10.1097/SPC.0000000000000354

Pavan, P. G., Stecco, A., Stern, R., & Stecco, C. (2014). Painful connections:

Densification versus fibrosis of fascia. Current Pain and Headache

Reports, 18(8), 441. https://doi.org/10.1007/s11916-014-0441-4

Prather, H., Cheng, A., Steger-May, K., Maheshwari, V., & Van Dillen, L.

(2017). Hip and lumbar spine physical examination findings in people

WANG AND STECCO 451

https://doi.org/10.1371/journal.pone.0161347
https://doi.org/10.1016/j.bbadis.2020.166051
https://doi.org/10.1016/j.bbadis.2020.166051
https://doi.org/10.1186/s40064-015-1089-1
https://doi.org/10.3389/fimmu.2015.00261
https://doi.org/10.3389/fimmu.2015.00261
https://doi.org/10.1016/j.msksp.2017.12.001
https://doi.org/10.1016/j.arthro.2011.11.028
https://doi.org/10.1002/ca.23248
https://doi.org/10.1007/s00276-018-2086-1
https://doi.org/10.1007/s00276-018-2086-1
https://doi.org/10.1007/s00256-017-2604-y
https://doi.org/10.1007/s00256-017-2604-y
https://doi.org/10.1016/j.jbmt.2008.04.043
https://doi.org/10.1016/j.ptsp.2020.06.015
https://doi.org/10.1016/j.ptsp.2020.06.015
https://doi.org/10.1016/j.jpain.2007.06.002
https://doi.org/10.1016/j.neuroscience.2015.05.034
https://doi.org/10.1152/japplphysiol.00173.2002
https://doi.org/10.1152/japplphysiol.00173.2002
https://doi.org/10.1093/jhps/hnx041
https://doi.org/10.1002/jor.1100160207
https://doi.org/10.1186/1471-2474-12-203
https://doi.org/10.1186/1471-2474-12-203
https://doi.org/10.1002/ajmg.c.31552
https://doi.org/10.1002/ajmg.c.31552
https://doi.org/10.1152/japplphysiol.00248.2018
https://doi.org/10.1152/japplphysiol.00248.2018
https://doi.org/10.1016/j.bone.2015.12.007
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/10.4081/ejtm.2019.8297
https://doi.org/10.4081/ejtm.2019.8297
https://doi.org/10.1002/ajmg.a.38106
https://doi.org/10.1002/ajmg.a.38106
https://doi.org/10.1177/0161734614546571
https://doi.org/10.1177/0161734614546571
https://doi.org/10.1097/SPC.0000000000000354
https://doi.org/10.1007/s11916-014-0441-4


presenting with low back pain, with or without lower extremity pain.

Journal of Orthopaedic & Sports Physical Therapy, 47(3), 163–172.
https://doi.org/10.2519/jospt.2017.6567

Rombaut, L., Malfait, F., De Wandele, I., Mahieu, N., Thijs, Y., Segers, P., …
Calders, P. (2012). Muscle-tendon tissue properties in the hyper-

mobility type of Ehlers-Danlos syndrome: Muscle tension and achilles

tendon stiffness in EDS-HT patients. Arthritis Care & Research, 64(5),

766–772. https://doi.org/10.1002/acr.21592
Rombaut, L., Malfait, F., De Wandele, I., Taes, Y., Thijs, Y., De Paepe, A., &

Calders, P. (2012). Muscle mass, muscle strength, functional perfor-

mance, and physical impairment in women with the hypermobility type

of Ehlers-Danlos syndrome. Arthritis Care & Research, 64(10), 1584–
1592. https://doi.org/10.1002/acr.21726

Sadeghisani, M., Manshadi, F. D., Kalantari, K. K., Rahimi, A., Namnik, N.,

Karimi, M. T., & Oskouei, A. E. (2015). Correlation between hip rota-

tion range-of-motion impairment and low back pain. A literature

review. Ortopedia, Traumatologia, Rehabilitacja, 17(5), 455–462.
https://doi.org/10.5604/15093492.1186813

Scheper, M., Rombaut, L., de Vries, J., De Wandele, I., van der Esch, M.,

Visser, B., … 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. Dis-

ability and Rehabilitation, 39(14), 1391–1397. https://doi.org/10.

1080/09638288.2016.1196396

Sikdar, S., Shah, J. P., Gebreab, T., Yen, R.-H., Gilliams, E., Danoff, J., &

Gerber, L. H. (2009). Novel applications of ultrasound technology to

visualize and characterize myofascial trigger points and surrounding

soft tissue. Archives of Physical Medicine and Rehabilitation, 90(11),

1829–1838. https://doi.org/10.1016/j.apmr.2009.04.015

Sikdar, S.Shah J. P., Gilliams, E., Gebreab, T., & Gerber, L. H. (2008). Assess-

ment of myofascial trigger points (MTrPs): A new application of ultra-

sound imaging and vibration sonoelastography. In 2008 30th Annual

International Conference of the IEEE Engineering in Medicine and Biology

Society (pp. 5585–5588). Piscataway, NJ: IEEEE. https://doi.org/10.

1109/IEMBS.2008.4650480

Stanitski, D. F., Nadjarian, R., Stanitski, C. L., Bawle, E., & Tsipouras, P.

(2000). Orthopaedic manifestations of Ehlers-Danlos syndrome. Clini-

cal Orthopaedics and Related Research, 376, 213–221. https://doi.org/
10.1097/00003086-200007000-00029

Stecco, A., Meneghini, A., Stern, R., Stecco, C., & Imamura, M. (2014).

Ultrasonography in myofascial neck pain: Randomized clinical trial for

diagnosis and follow-up. Surgical and Radiologic Anatomy, 36(3), 243–
253. https://doi.org/10.1007/s00276-013-1185-2

Stecco, A., Pirri, C., De Caro, R., & Raghavan, P. (2019). Stiffness and

echogenicity: Development of a stiffness-echogenicity matrix for clini-

cal problem solving. European Journal of Translational Myology, 29(3),

243–253. https://doi.org/10.4081/ejtm.2019.8476

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. Surgical and Radiologic Anatomy,

33(10), 881–890. https://doi.org/10.1007/s00276-011-0784-z
Stecco, C., & Day, J. A. (2010). The fascial manipulation technique and its

biomechanical model: A guide to the human fascial system. Interna-

tional Journal of Therapeutic Massage & Bodywork, 3(1), 38–40. https://
doi.org/10.3822/ijtmb.v3i1.78

Stecco, C., Macchi, V., Porzionato, A., Morra, A., Parenti, A., Stecco, A., …
De Caro, R. (2010). The ankle retinacula: Morphological evidence of

the proprioceptive role of the fascial system. Cells, Tissues, Organs,

192(3), 200–210. https://doi.org/10.1159/000290225
Stecco, C., Stern, R., Porzionato, A., Macchi, V., Masiero, S., Stecco, A., &

De Caro, R. (2011). Hyaluronan within fascia in the etiology of

myofascial pain. Surgical and Radiologic Anatomy, 33(10), 891–896.
https://doi.org/10.1007/s00276-011-0876-9

Turo, D., Otto, P., Hossain, M., Gebreab, T., Armstrong, K.,

Rosenberger, W. F., … Sikdar, S. (2015). Novel use of ultrasound

elastography to quantify muscle tissue changes after dry needling of

myofascial trigger points in patients with chronic myofascial pain. Jour-

nal of Ultrasound in Medicine, 34(12), 2149–2161. https://doi.org/10.
7863/ultra.14.08033

Vecchiet, L., & Giamberardino, M. (1994). In G. F. Gebhart, D. L. Ham-

mond, & T. S. Jensen (Eds.), Proceedings of the 7th world congress on

pain. Seattle: IASP Press.

Vergara, D. M., Berrueta, L., Carmody, C., An, X., Wayne, P. M.,

Zavacki, A. M., & Langevin, H. M. (2020). Establishment of a novel por-

cine model to study the impact of active stretching on a local

Carrageenan-induced inflammation. American Journal of Physical Medi-

cine & Rehabilitation, 99, 1012–1019. https://doi.org/10.1097/PHM.

0000000000001465

Xu, Z., Mei, B., Liu, M., Tu, L., Zhang, H., & Zhang, M. (2020). Fibrous con-

figuration of the fascia iliaca compartment: An epoxy sheet

plastination and confocal microscopy study. Scientific Reports, 10(1),

1548. https://doi.org/10.1038/s41598-020-58519-0

Zoppi, N., Chiarelli, N., Binetti, S., Ritelli, M., & Colombi, M. (2018). Dermal

fibroblast-to-myofibroblast transition sustained by αvß3 integrin-ILK-

Snail1/slug signaling is a common feature for hypermobile Ehlers-

Danlos syndrome and hypermobility spectrum disorders. Biochimica et

Biophysica Acta (BBA) - Molecular Basis of Disease, 1864(4), 1010–
1023. https://doi.org/10.1016/j.bbadis.2018.01.005

How to cite this article: Wang, T. J., & Stecco, A. (2021).

Fascial thickness and stiffness in hypermobile Ehlers-Danlos

syndrome. American Journal of Medical Genetics Part C:

Seminars in Medical Genetics, 187C:446–452. https://doi.org/

10.1002/ajmg.c.31948

452 WANG AND STECCO

https://doi.org/10.2519/jospt.2017.6567
https://doi.org/10.1002/acr.21592
https://doi.org/10.1002/acr.21726
https://doi.org/10.5604/15093492.1186813
https://doi.org/10.1080/09638288.2016.1196396
https://doi.org/10.1080/09638288.2016.1196396
https://doi.org/10.1016/j.apmr.2009.04.015
https://doi.org/10.1109/IEMBS.2008.4650480
https://doi.org/10.1109/IEMBS.2008.4650480
https://doi.org/10.1097/00003086-200007000-00029
https://doi.org/10.1097/00003086-200007000-00029
https://doi.org/10.1007/s00276-013-1185-2
https://doi.org/10.4081/ejtm.2019.8476
https://doi.org/10.1007/s00276-011-0784-z
https://doi.org/10.3822/ijtmb.v3i1.78
https://doi.org/10.3822/ijtmb.v3i1.78
https://doi.org/10.1159/000290225
https://doi.org/10.1007/s00276-011-0876-9
https://doi.org/10.7863/ultra.14.08033
https://doi.org/10.7863/ultra.14.08033
https://doi.org/10.1097/PHM.0000000000001465
https://doi.org/10.1097/PHM.0000000000001465
https://doi.org/10.1038/s41598-020-58519-0
https://doi.org/10.1016/j.bbadis.2018.01.005
https://doi.org/10.1002/ajmg.c.31948
https://doi.org/10.1002/ajmg.c.31948

	Fascial thickness and stiffness in hypermobile Ehlers-Danlos syndrome
	1  INTRODUCTION
	2  METHODS
	3  RESULTS
	4  DISCUSSION
	4.1  Deep fascia thickness
	4.2  Muscle changes and palpation
	4.3  Gliding
	4.4  Stabilization
	4.5  Strength

	5  CONCLUSION
	  CONFLICT OF INTEREST
	  AUTHOR CONTRIBUTIONS
	  DATA AVAILABILITY STATEMENT

	REFERENCES




