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Tiramolla

• Aγγλικά: Stretch-Spring είναι ένας περίεργος Σούπερ 
ήρωας που μοιάζει με μια φιγούρα από καουτσούκ με 
εκτατό λεπτό σώμα, οβάλ πρόσωπο, μακριά πόδια, 
κυλινδρικό κεφάλι και φιόγκο 

• Ο Tiramolla έχει αποκτήσει τη μοναδική ικανότητα να μπορεί 
να τεντώνεται όπως θέλει, ακόμη και για πολλά χιλιόμετρα, 
αφού πέσει σε ένα μεγάλο δοχείο με καουτσούκ

• Tiramolla: ιταλικός χαρακτήρας 
κόμικ που δημιουργήθηκε το 1952 
από τον Roberto Renzi και Giorgio 
Rebuffi 



Κομανέτσι



Στα όρια του υπερφυσικού…



Γενικευμένη υπερελαστικότητα –
μερικά δεδομένα

• Πιο συχνή στις γυναίκες, ιδιαίτερα στους ασιατικούς και αφρικανικούς πληθυσμούς 
• Εως και το 40% των θήλεων σε ορισμένες φυλές 
• Τα άτομα με υπερελαστικότητα συχνά είναι εντελώς ασυμπτωματικά
• Χρησιμοποιούν την αυξημένη ευελιξία τους στον αθλητισμό 
• Περίπου το 50% αυτών των ατόμων αναφέρει πόνο που σχετίζεται με την 

υπερελαστικότητα
• Πολλές σημαντικές κληρονομικές διαταραχές του συνδετικού ιστού (HDCTs) σχετίζονται με 

την υπερελαστικότητα
• Η πλειονότητα των ασθενών δεν έχει αναγνωρίσιμες HDCT



Γενικευμένη υπερελαστικότητα
– The Beighton score

• Η γενικευμένη 
υπερελαστικότητα
ορίζεται χρησιμοποιώντας 
το σκορ Beighton

• Σκορ ≥4/9 ορίζει την 
υπερελαστικότητα, αν και 
πρέπει να ληφθεί υπόψη η 
ηλικία του παιδιού



Beighton Hypermobility Score
observations have suggested improved wound healing 
and reduced scarring with application of silicone sheets 
over wounds, although there are no controlled studies to 
support these observations.

Although propensity to bleeding (such as after sur-
gery) is common in EDS, it is often minor and does not 
convey a risk of serious complications except for EDS 
types for which a propensity to arterial ruptures is one 
of the manifestations (such as vEDS and kEDS) and 
all individuals with EDS who have a history of major 
bleeding events. Large subcutaneous haematomas 
are serious complications in individuals with mcEDS, 
and typically occur after minor trauma and progress 
acutely177. In these individuals, the off-label use of 
1-deamino-8-d-arginine vasopressin (DDAVP) at stan-
dard doses can be considered to normalize bleeding time 
and can also be used before minor surgery178,179.

Joint hypermobility, instability and musculoskeletal 
pain
Physiotherapy and rehabilitation therapy are recognized 
as indispensable components in the management of 
musculoskeletal alterations, and should be tailored to the 
functional impairments in each patient. Low-resistance 
exercises, such as walking, cycling and swimming, to 
increase muscle tone and strength of the core and the 
extremities may improve joint stability180,181. In addition, 
strength training is beneficial for joint stabilization and 
hypotonia182. The duration, frequency or repetition of 
the exercise should be increased over time, although 
resistance should not increase. Even in this context, 
measurable progress may only be observed after months 
or years of exercise181. ‘Showing off ’ hypermobility in 
addition to competitive activities, such as gymnastics, 
repetitive heavy lifting and other sports that cause 
important joint stress, should be avoided181.

If active and passive physical therapy is not sufficient 
or easily applicable to improve joint stability and reduce 
the associated complaints in patients with EDS, devices, 
including orthotic, braces and splints, can be used to 
provide extra support to unstable joints. In addition, 
wide-grip writing utensils may reduce strain on hyper-
mobile finger and hand joints181, and a wheelchair or 
scooter may help to offload stress on lower extremity joints.

In general, the non‐operative treatment of musculo-
skeletal manifestations of EDS is preferable to surgery. 
However, surgical procedures, such as specific joint sta-
bilization and nerve decompression, are an option for 
carefully selected patients, although there is very little 
supporting evidence. Examples include craniocervical 
instability and Arnold–Chiari malformation, unstable 
thumb carpometacarpal joints, recurrent shoulder or 
patellar dislocations, or compression neuropathies183. 
In these cases, multidisciplinary evaluation and care-
ful planning of the surgical procedure and postsurgical 
recovery are warranted.

Pain is a major symptom in patients with EDS, par-
ticularly in those with hEDS184,185, although the specific  
causes and mechanisms underlying pain in EDS are 
poorly understood. Several factors may contribute to 
pain development and maintenance. These include 
nociceptive pain directly related to structural changes 

in affected joints, muscle and connective tissue, neuro-
pathic pain due to nerve damage, impaired propri-
oception (that is, perception and awareness of body 
movements and position) and muscle weakness, and 
central sensitization184–186. In addition, the pain pheno-
type may be further influenced by the presence of 
anxiety and depression185. Management of chronic 
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Fig. 6 | The Beighton scale. The Beighton scale is used to 
assess joint hypermobility in clinical practice. Five joints  
are assessed on each side of the body. The total possible 
score is 9; joint hypermobility is indicated by a score ≥6  
for prepubertal children and adolescents, ≥5 for pubertal 
men and women ≤50 years of age, and by a score ≥4 for men 
and women >50 years of age7. a | Passive dorsiflexion and 
hyperextension of the fifth metacarpal phalangeal joint 
>90° with the palm of the hand and forearm resting on a flat 
surface with the elbow flexed at 90° scores 1 point for each 
side of the body. b | Passive apposition of the thumb to the 
flexor aspect of the forearm with arms outstretched forward 
but hand pronated scores 1 point for each side of the body. 
c | Passive hyperextension of the elbow >10° with the 
arms outstretched to the side of the body and hand supine 
scores 1 point for each side. d | Passive hyperextension of 
the knee >10° whilst standing upright with the knees locked 
in genu recurvatum scores 1 point for each side of the body. 
e | Active forward flexion of the trunk with the knees fully 
extended so that the palms of the hands rest flat on the 
floor scores 1 point. Image courtesy of B. Juul-Kristensen, 
University of Southern Denmark, Denmark.
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Τα κριτήρια του Brighton

• Η υπερελαστικότητα που σχετίζεται με συμπτώματα, 
όπως ορίζεται από τα κριτήρια του Brighton, 
ονομάζεται σύνδρομο υπερελαστικότητας των 
αρθρώσεων (JHS)

• Δυστυχώς, τα κριτήρια του Brighton συχνά συγχέονται 
με τη βαθμολογία Beighton, η οποία χρησιμοποιείται 
μόνο για να ορίσει την υπερελαστικότητα ως τέτοια

• Αν και τα κριτήρια του Brighton δεν επικυρώνονται 
στα παιδιά, είναι χρήσιμα στη διάγνωση του JHS στην 
παιδική ηλικία



Συμπτώματα 
και σημεία
JHS

Ο πόνος στις αρθρώσεις είναι το πιο κοινό σύμπτωμα του JHS

Συχνά σχετίζεται με εξαρθρήματα, υπεξαρθρώσεις και 
διαστρέμματα

Συχνές γνωστικές, νευρολογικές και σπλαχνικές εκδηλώσεις -
μπορεί να είναι πιο σοβαρές από τα μυοσκελετικά συμπτώματα

Συχνή κόπωση και γενικευμένος πόνος

Πιθανή εξήγηση: η υπεραισθησία που προκύπτει από την 
αυξημένη αίσθηση πόνου σε υπερβολικά τεντωμένους ιστούς

Ο πόνος συχνά οδηγεί σε αδράνεια, με την επακόλουθη 
αποκατάσταση να επιδεινώνει τα συμπτώματα



Συμπτώματα 
και σημεία 
JHS

Συχνές γαστρεντερικές εκδηλώσεις: χρόνια 
δυσκοιλιότητα, γαστροοισοφαγική
παλινδρόμηση, χρόνιο κοιλιακό άλγος και 
σύνδρομο ευερέθιστου εντέρου

Συμπτώματα συγκοπής, ζάλης και 
ορθοστατικής υπότασης: στοιχεία για 
δυσλειτουργία του αυτόνομου συστήματος

Άγχος σε ενήλικες: μπορεί να επιδεινώσει τις 
εκδηλώσεις αυτόνομου και χρόνιου πόνου



Κατηγορίες υπερεκτασιμότητας αρθρώσεων



Κληρονομικές 
διαταραχές 
του 
συνδετικού 
ιστού

Ο όρος «σύνδρομο 
υπερελαστικότητας των 

αρθρώσεων» αναφέρεται σε 
έναν συγκεκριμένο συνδυασμό 

συμπτωμάτων και σημείων 

Ελλείψει διαγνωστικού τεστ, 
απαιτείται προσεκτική 

κλινική εξέταση και 
αποκλεισμός σοβαρών HDCT 

Πολύ σημαντικό: να 
αποκλειστεί η αγγειακή 
μορφή του συνδρόμου 

Ehlers-Danlos (EDS) (τύπος 
IV, COL3A1) λόγω της τάσης 

για ρήξη αρτηριών και 
οργάνων

Χαρακτηριστικά συμπτώματα και 
σημεία όπως η διαφάνεια του 
δέρματος και οι υπερβολικοί 

μώλωπες, μαζί με το οικογενειακό 
ιστορικό αιφνίδιου αγγειακού 

θανάτου στην πρώιμη ενήλικη ζωή, 
αποτελούν ενδείξεις για μια πιθανή 

διάγνωση μιας αγγειακής μορφής EDS 



Τα σύνδρομα Down, Klinefelter και εύθραυστου Χ, καθώς 
και σπάνιες σκελετικές δυσπλασίες (συμπεριλαμβανομένης 
της ψευδοαχονδροπλασίας) σχετίζονται με χαλαρότητα των 
συνδέσμων και υπερελαστικότητα των αρθρώσεων
Παιδιά με σπάνιες μυϊκές δυστροφίες, όπως η δυστροφία 
Ullrich (COL6A2) μπορεί να εμφανίσουν ένα μείγμα 
περιφερικής υπελαστικότητας, εγγύς αδυναμία και 
αγκυλώσεις
Η μυϊκή αδυναμία μπορεί να θεωρηθεί εσφαλμένα ως 
υπερελαστικότητα της άρθρωσης χωρίς ενδελεχή 
νευρολογική εξέταση
Τα άτομα με σύνδρομο Marfan (γονίδιο FBN1) μπορεί να 
έχουν συνδεσμική χαλαρότητα και μειωμένη μυϊκή μάζα, με 
περιορισμό της έκτασης της άρθρωσης του αγκώνα

Κληρονομικές 
διαταραχές 
του 
συνδετικού 
ιστού



Το JHS μπορεί να είναι μέρος του φάσματος HDCT 
όπου ο βαθμός της δερματικής και αγγειακής συμμετοχής 
είναι μικρότερος από ό,τι στις άλλες μορφές EDS 

Η διάγνωση του υπερελαστικού τύπου EDS (EDS-HT ή EDS 
τύπου III) λαμβάνεται συχνά υπόψη όταν υπάρχει 
υπερελαστικότητα και ήπια προσβολή του δέρματος 

Τα κλινικά χαρακτηριστικά του JHS και του EDS-HT είναι 
δυσδιάκριτα

Κληρονομικές 
διαταραχές 
του 
συνδετικού 
ιστού



Διαγνωστικά κριτήρια σ. Ehlers-Danlosforearm and the dorsum of hands and feet). Of note, 
sites that are naturally prone to skin stretching should be 
avoided (such as the elbows and knees). Skin is usually 
considered hyperextensible if it can be stretched >1.5 cm 
at the distal part of the forearms and the dorsum of the 
hand, and 3 cm for neck, elbows and knees7; however, 
these measures have not been validated or standard-
ized. Skin is usually not hyperextensible or significantly 
doughy, velvety or soft in individuals with vEDS, but it 
can be thin and translucent with visible superficial veins, 
particularly on the trunk, arms and legs. Widened and 
atrophic scars can be observed in several EDS types, such 
as cEDS, aEDS, dEDS, cvEDS, kEDS, spEDS, mcEDS 
and clEDS2. Especially in cEDS, atrophic scarring may 
be widespread with marked widening of the scars, which 
are covered by a very thin and inelastic skin (that is, 
papyraceous scars) (FIG. 5).

Assessment of joint mobility and musculoskeletal system. 
As previously mentioned, one of the key manifestations 
of EDS is joint hypermobility. Joint mobility is a contin-
uous trait in the general population, and can be mod-
ified by age, sex, ethnicity and environmental factors 
such as exercise19. Of note, based on how it is currently 
measured, joint mobility does not have a Gaussian dis-
tribution but is skewed to the low end of the range170. 
The reported prevalence of generalized joint hyper-
mobility in the general population is 6–57% in females 
and 2–35% in males171. An easy-to-use scoring system 
to measure joint mobility (known as the Beighton score; 
FIG. 6) is currently the most widely used approach to 
assess the presence of generalized joint hypermobility172, 
but it has major limitations. These limitations are cor-
rections for factors that can modify joint mobility have 
not been developed; only a limited number of joints are 
assessed and may not include common problem areas; 
and standard cut-offs for normal values have not been 
clearly assigned. Given these concerns, better approaches 
to measure joint mobility in the clinical setting that 
incorporate standards that define ‘normal’ ranges in an 
extended set of joints is needed both for clinical use and 
research settings.

Using the Beighton score, hypermobility is gener-
ally defined by a score ≥6 for prepubertal children and 
adolescents, by a score ≥5 for pubertal men and women 
≤50 years of age, and by a score ≥4 for men and women 
>50 years of age7. The Beighton score measures a small 
set of joints, which raises concerns; new measures would 
do well to consider a more extended set and to address 
the issue of how different combination of joint hyper-
mobility could help define subsets of people prone to 
different complications.

Other skeletal features, such as congenital bilateral 
hip dislocation, spine deformities (scoliosis or kypho-
sis), pectus deformities (pectus carinatum or pectus 
excavatum), club feet, distal or proximal contractures, 
and deformities of the elbows, hands, knees and feet help 
to classify EDS or to identify other genetic conditions. 
Joint laxity and muscular hypotonia may cause floppy 
infant syndrome and/or delayed motor development and 
point to a limited group of EDS types, such as aEDS, 
kEDS or mEDS.

Box 3 | Revised diagnostic criteria for hEDS

Criterion 1
Presence of generalized joint hypermobility
• Beighton score

 - ≥6 for prepubertal children and adolescents
 - ≥5 for pubertal men and women ≤50 years of age
 - ≥4 for men and women >50 years of age

• If the Beighton score is 1 point below the age-specific and sex-specific cut-off  
and at least two of the following items (five-point questionnaire) are present, then  
a diagnosis of generalized joint hypermobility can be made
 - Can you now (or could you ever) place your hands flat on the floor without bending 
your knees?

 - Can you now (or could you ever) bend your thumb to touch your forearm?
 - As a child, did you amuse your friends by contorting your body into strange shapes 
or could you do the splits?

 - As a child or teenager, did your shoulder or kneecap dislocate on more than  
one occasion?

 - Do you consider yourself ‘double-jointed’?
 - A ‘yes’ answer to ≥2 questions suggests joint hypermobility with 80–85% sensitivity 
and 80–90% specificity229

Criterion 2
At least two of the following features must be present
• At least five of the following systemic manifestations of a more generalized 

connective tissue disorder 
 - Unusually soft or velvety skin
 - Mild skin hyperextensibility
 - Unexplained striae, for example, striae distensiae or striae rubrae at the back, 
groins, thighs, breasts, abdomen in adolescents, men and prepubertal women 
without history of significant gain or loss of body fat

 - Bilateral piezogenic papules of the heel
 - Recurrent or multiple abdominal hernias
 - Atrophic scarring involving at least two sites
 - Pelvic floor, rectal and/or uterine prolapse in children, men or nulliparous women 
without history of morbid obesity or other predisposing conditions

 - Dental crowding and high or narrow palate
 - Arachnodactyly, as defined in one or both of the following: 1) positive wrist sign 
(Steinberg sign) on both sides; 2) positive thumb sign (Walker sign) on both sides

 - Arm span to height ratio ≥1.05
 - Mitral valve prolapsea

 - Aortic root dilatation with z score >+2 (important note: the presence of aortic root 
dilatation should always prompt the exclusion of familial thoracic aortic aneurysm 
disorders, for example, Marfan syndrome and Loeys–Dietz syndrome)

• Positive family history of hypermobile Ehlers–Danlos syndrome (hEDS) with at least 
one first-degree relative independently meeting hEDS criteria

• At least one of the following musculoskeletal manifestations
 - Musculoskeletal pain in two or more limbs, recurring daily for at least 3 months
 - Chronic widespread pain for at least 3 months
 - Recurrent joint dislocationsb or frank joint instability in the absence of trauma:  
three or more atraumatic dislocations at the same joint, or two or more atraumatic 
dislocations at different joints, at different times, or medical confirmation of joint 
instability at two or more sites not related to trauma

Criterion 3
Exclusion of other conditions
• Other EDS types
• Other heritable/acquired connective tissue disorders
• Alternative diagnoses

Criteria according to the 2017 international EDS classification. aSome studies show no 
increase in the frequency of clinically significant mitral valve prolaspe230–232, others show an 
mitral valve prolapse frequency of 28–67% among hEDS patients233,234. This feature is included  
in the diagnostic criteria because it can be a marker of connective tissue laxity but is usually not 
clinically significant in patients with hEDS. bDislocation is defined as displacement of a bone out 
of the joint socket (or out of normal position in the case of sesamoid bones such as the patella) 
sufficiently severe to limit motion of the joint and requiring manual reduction. Data from REF.7.
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Διαγνωστικά κριτήρια σ. Ehlers-Danlos

forearm and the dorsum of hands and feet). Of note, 
sites that are naturally prone to skin stretching should be 
avoided (such as the elbows and knees). Skin is usually 
considered hyperextensible if it can be stretched >1.5 cm 
at the distal part of the forearms and the dorsum of the 
hand, and 3 cm for neck, elbows and knees7; however, 
these measures have not been validated or standard-
ized. Skin is usually not hyperextensible or significantly 
doughy, velvety or soft in individuals with vEDS, but it 
can be thin and translucent with visible superficial veins, 
particularly on the trunk, arms and legs. Widened and 
atrophic scars can be observed in several EDS types, such 
as cEDS, aEDS, dEDS, cvEDS, kEDS, spEDS, mcEDS 
and clEDS2. Especially in cEDS, atrophic scarring may 
be widespread with marked widening of the scars, which 
are covered by a very thin and inelastic skin (that is, 
papyraceous scars) (FIG. 5).

Assessment of joint mobility and musculoskeletal system. 
As previously mentioned, one of the key manifestations 
of EDS is joint hypermobility. Joint mobility is a contin-
uous trait in the general population, and can be mod-
ified by age, sex, ethnicity and environmental factors 
such as exercise19. Of note, based on how it is currently 
measured, joint mobility does not have a Gaussian dis-
tribution but is skewed to the low end of the range170. 
The reported prevalence of generalized joint hyper-
mobility in the general population is 6–57% in females 
and 2–35% in males171. An easy-to-use scoring system 
to measure joint mobility (known as the Beighton score; 
FIG. 6) is currently the most widely used approach to 
assess the presence of generalized joint hypermobility172, 
but it has major limitations. These limitations are cor-
rections for factors that can modify joint mobility have 
not been developed; only a limited number of joints are 
assessed and may not include common problem areas; 
and standard cut-offs for normal values have not been 
clearly assigned. Given these concerns, better approaches 
to measure joint mobility in the clinical setting that 
incorporate standards that define ‘normal’ ranges in an 
extended set of joints is needed both for clinical use and 
research settings.

Using the Beighton score, hypermobility is gener-
ally defined by a score ≥6 for prepubertal children and 
adolescents, by a score ≥5 for pubertal men and women 
≤50 years of age, and by a score ≥4 for men and women 
>50 years of age7. The Beighton score measures a small 
set of joints, which raises concerns; new measures would 
do well to consider a more extended set and to address 
the issue of how different combination of joint hyper-
mobility could help define subsets of people prone to 
different complications.

Other skeletal features, such as congenital bilateral 
hip dislocation, spine deformities (scoliosis or kypho-
sis), pectus deformities (pectus carinatum or pectus 
excavatum), club feet, distal or proximal contractures, 
and deformities of the elbows, hands, knees and feet help 
to classify EDS or to identify other genetic conditions. 
Joint laxity and muscular hypotonia may cause floppy 
infant syndrome and/or delayed motor development and 
point to a limited group of EDS types, such as aEDS, 
kEDS or mEDS.

Box 3 | Revised diagnostic criteria for hEDS

Criterion 1
Presence of generalized joint hypermobility
• Beighton score

 - ≥6 for prepubertal children and adolescents
 - ≥5 for pubertal men and women ≤50 years of age
 - ≥4 for men and women >50 years of age

• If the Beighton score is 1 point below the age-specific and sex-specific cut-off  
and at least two of the following items (five-point questionnaire) are present, then  
a diagnosis of generalized joint hypermobility can be made
 - Can you now (or could you ever) place your hands flat on the floor without bending 
your knees?

 - Can you now (or could you ever) bend your thumb to touch your forearm?
 - As a child, did you amuse your friends by contorting your body into strange shapes 
or could you do the splits?

 - As a child or teenager, did your shoulder or kneecap dislocate on more than  
one occasion?

 - Do you consider yourself ‘double-jointed’?
 - A ‘yes’ answer to ≥2 questions suggests joint hypermobility with 80–85% sensitivity 
and 80–90% specificity229

Criterion 2
At least two of the following features must be present
• At least five of the following systemic manifestations of a more generalized 

connective tissue disorder 
 - Unusually soft or velvety skin
 - Mild skin hyperextensibility
 - Unexplained striae, for example, striae distensiae or striae rubrae at the back, 
groins, thighs, breasts, abdomen in adolescents, men and prepubertal women 
without history of significant gain or loss of body fat

 - Bilateral piezogenic papules of the heel
 - Recurrent or multiple abdominal hernias
 - Atrophic scarring involving at least two sites
 - Pelvic floor, rectal and/or uterine prolapse in children, men or nulliparous women 
without history of morbid obesity or other predisposing conditions

 - Dental crowding and high or narrow palate
 - Arachnodactyly, as defined in one or both of the following: 1) positive wrist sign 
(Steinberg sign) on both sides; 2) positive thumb sign (Walker sign) on both sides

 - Arm span to height ratio ≥1.05
 - Mitral valve prolapsea

 - Aortic root dilatation with z score >+2 (important note: the presence of aortic root 
dilatation should always prompt the exclusion of familial thoracic aortic aneurysm 
disorders, for example, Marfan syndrome and Loeys–Dietz syndrome)

• Positive family history of hypermobile Ehlers–Danlos syndrome (hEDS) with at least 
one first-degree relative independently meeting hEDS criteria

• At least one of the following musculoskeletal manifestations
 - Musculoskeletal pain in two or more limbs, recurring daily for at least 3 months
 - Chronic widespread pain for at least 3 months
 - Recurrent joint dislocationsb or frank joint instability in the absence of trauma:  
three or more atraumatic dislocations at the same joint, or two or more atraumatic 
dislocations at different joints, at different times, or medical confirmation of joint 
instability at two or more sites not related to trauma

Criterion 3
Exclusion of other conditions
• Other EDS types
• Other heritable/acquired connective tissue disorders
• Alternative diagnoses

Criteria according to the 2017 international EDS classification. aSome studies show no 
increase in the frequency of clinically significant mitral valve prolaspe230–232, others show an 
mitral valve prolapse frequency of 28–67% among hEDS patients233,234. This feature is included  
in the diagnostic criteria because it can be a marker of connective tissue laxity but is usually not 
clinically significant in patients with hEDS. bDislocation is defined as displacement of a bone out 
of the joint socket (or out of normal position in the case of sesamoid bones such as the patella) 
sufficiently severe to limit motion of the joint and requiring manual reduction. Data from REF.7.
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Διαγνωστικά κριτήρια σ. Ehlers-Danlos



Συμπτώματα και σημεία 
συνδρόμων Ehlers-Danlos



Σύνδρομα Ehlers-Danlos
Table 2 Ehlers–Danlos syndrome classification and summary of major types17,18

Villefranche classification Inheritance Body parts involved Features Genes

Classical (I, II) Autosomal dominant Skin
Joints

Fragility
Hyperextensibility
Atrophic scars
Easy bruising
Hypermobility
Sprains, dislocations

COL5A1, COL5A2
(>50%); COL1A1

Hypermobility (III) Autosomal dominant Joints
Skin
Gastrointestinal tract
Central nervous system

Generalised hypermobility
Pain/fatigue
Soft, doughy skin

TNXB (10%), other
unknown genes

Vascular (IV) Autosomal dominant Vascular system
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• Α → λεπτό δέρμα με ορατές φλέβες σε ασθενή με σύνδρομο Ehler-Danlos αγγειακού τύπου

• Β → άλοβο αυτί σε ασθενή με σύνδρομο Ehler-Danlos αγγειακού τύπου

• Άλλα χαρακτηριστικά του προσώπου περιλαμβάνουν μια λεπτή, μυτερή μύτη, λεπτά χείλη, εισολκή

παρειών και προεξέχοντα μάτια

bruising, thin skin with visible veins, characteristic
facial features (Table 37.2, Fig. 37.1), and rupture of
arteries, gravid uterus, or intestines. In addition, the
diagnosis should be confirmed by the demonstration
of either an abnormal type III procollagen synthesis
or of a mutation in the COL3A1 gene. Phenotypic fea-
tures can be subtle and most patients are unaware of the
diagnosis at the time of their first major complication
(Pepin et al., 2000). The latter usually occurs at a
young age, before age 40 in 80% of the patients
(Pepin et al., 2000).

NEUROLOGIC COMPLICATIONS

Neurologic complications of vEDS are essentially cere-
brovascular. Of all vascular complications of vEDS,
about one quarter involve head and neck vessels
(Pepin et al., 2000). In a study of 202 well-characterized
vEDS patients, 19 patients (9.4%) had at least one cere-
brovascular complication (North et al., 1995), which
included carotid-cavernous fistula, cervical artery dis-
section, intracranial aneurysms, and arterial rupture.
The mean age at occurrence of the first cerebrovas-
cular complication was 28 years (range: 17–48 years)
(North et al., 1995).

Carotid-cavernous fistula

Mechanismsandfrequency.Direct carotid-cavernous
fistulas arise by abnormal communications between the
intracavernous carotid artery and the venous plexus of
the cavernous sinus (Chuman et al., 2002). In the general
population these are uncommon and occur almost exclu-
sively after a trauma (Chuman et al., 2002; Germain,
2007). Nontraumatic carotid-cavernous fistulas are seen
in patients with intracavernous carotid aneurysms and
in patients with a constitutional weakness of the vessel
wall, especially vEDS. In large series of vEDS patients
carotid-cavernous fistulas are one of the most common
cerebrovascular complications (Schievink et al., 1991;
North et al., 1995; Pepin et al., 2000).

Clinical characteristics and management. Clinical
symptoms of direct carotid-cavernous fistulas are gener-
ally of abrupt onset and rapidly progressive, comprising
orbital bruit, proptosis, chemosis, abducens palsy, and
conjunctival injection; less often, patients present with
headaches or retro-orbital pain, ophthalmoplegia, and
visual loss (Lewis et al., 1995). Trigeminal nerve deficits
and pulsatile tinnitus have also been reported (Lewis
et al., 1995; Chuman et al., 2002). There is no consensus
on the best treatment of carotid-cavernous fistulas in
vEDS patients. Endovascular fistula closure via the

Table 37.2

Major diagnostic criteria for vascular Ehlers–Danlos
syndrome (Beighton et al., 1998)

Major diagnostic criteria

1. Thin translucent skin, with visible veins
2. Extensive, easy bruising
3. Characteristic facial appearance, which includes: a thin

pinched nose, thin lips, hollow cheeks, prominent staring
eyes, lobeless ears

4. Arterial, intestinal, or uterine fragility or rupture

Minor diagnostic criteria

1. Acrogeria
2. Hypermobility of small joints
3. Tendon and muscle rupture
4. Clubfoot
5. Early-onset varicose veins
6. Arteriovenous, carotid-cavernous fistula
7. Pneumothorax, pneumohemothorax
8. Gingival recession
9. Positive family history, history of sudden death

in a close relative
The presence of at least two out of four major criteria is
highly indicative of the diagnosis and should prompt
genetic testing

A B

Fig. 37.1. (A) Thin skin with visible veins in a patient with vascular Ehlers–Danlos syndrome. (B) Lobeless ear in a patient with
vascular Ehlers–Danlos syndrome; other characteristic facial features include a thin, pinched nose, thin lips, hollow cheeks,
and prominent staring eyes.
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as a clinical test owing to few laboratories having the 
required capability. Other useful studies include the 
quantification of deoxypyridinoline (DPyr) and pyridi-
noline (Pyr) crosslinks in urine using high-performance 
liquid chromatography to identify defects in lysyl 
hydroxylation due to PLOD1 variants173,174 and is also an 
efficient and cost-effective first diagnostic step towards 
the diagnosis of kEDS-PLOD1 (REF.7). Milder increases 
in the DPyr to Pyr ratio (~1) are also observed in indi-
viduals who harbour pathogenetic SLC39A13 variants138. 
However, in general, biochemical studies are more 
expensive and less informative than genetic testing and 
should not be performed as a first diagnostic step, but 
only to study pathogenicity of variants of uncertain sig-
nificance. Ultrastructural analysis of the dermal ECM 
may show patterns of abnormal collagen fibrillogenesis 
in some EDS types (for example, a hieroglyphic pat tern in  
dEDS and collagen flowers in cEDS); however, they are 
usually not specific and do not confirm a diagnosis.

Carrier screening and family planning
The identification of the EDS causative variant by DNA 
testing confirms the inheritance pattern of the disorder, 
which can allow family studies and reproductive genetic 
testing. Many EDS types have an autosomal dominant 
transmission (TABLE 1) with variable expressivity but 
nearly complete, although sometimes age-dependent, 
penetrance12,13,40. For dominantly inherited disorders, 
extended family testing allows diagnostic confirmation 
or exclusion in other relatives. EDS types with an auto-
somal dominant inheritance pattern are likely caused 
by de novo mutations if it is absent in both parents of 

the proband; however, parental germline mosaicism has 
been reported and, therefore, the recurrence risk to sib-
lings of a proband with a presumably de novo variant is 
slightly increased (1–5%)175. The risk can be modified 
by studying the parental germ cell DNA if the mosaic 
parent is the father.

For the rare types of EDS that have an autosomal 
recessive pattern (TABLE 1), the heterozygous parents 
are usually healthy. The status of at-risk relatives can 
be determined by tiered testing. Carrier testing in the 
healthy partner of a heterozygous relative can confirm 
the predicted low rate of carrier status and provide con-
fidence about a low risk of occurrence in their offspring. 
In these circumstances, consanguinity and founder 
effect should be assessed in the setting of genetic coun-
selling to determine whether partner testing is appro-
priate. Finally, the identification of the genetic cause 
of EDS allows prenatal diagnosis as well as preimplan-
tation diagnosis in couples at increased risk (that is, 
couples with a family member who has an EDS variant 
with dominant inherence, and couples in which both 
members carrier an autosomal recessive variant).

Management
EDS cannot be cured, and management is generally 
EDS-type specific. Diagnosis should lead to integration 
of the patient into a multidisciplinary care team (com-
prising the primary physician, geneticist and appropri-
ate medical and surgical and allied health professionals; 
BOX 4), and a patient advocacy community (if available) 
that has experience with education, information shar-
ing and social support, as it appears to substantially 
improve QOL. Evidence-based literature regarding 
clinical guidelines for EDS is limited, and there is lit-
tle published research into management strategies and 
interventions. Accordingly, clinical decision-making 
is mostly based on clinical experience, and there is no 
consensus on the best practice for medical surveillance, 
management and surgical intervention for people with 
most EDS types176. Management strategies primarily rely 
on prevention and supportive treatment of symptoms 
and depend on the underlying EDS type and observed 
clinical manifestations.

Skin and mucosae manifestations
In patients with severe skin fragility (particularly 
those with cEDS or dEDS), the prevention of soft tis-
sue traumas by the use of protections (such as helmets 
and protections for shins, knees and elbows) should 
be considered, especially in children and during sport 
activities. Education of children with these conditions 
in self-assessment and basic support after unexpected 
traumas and introduction of lifestyle habits to avoid 
soft tissue traumas is encouraged. Deep or severe skin 
wounds in patients with any type of EDS should be 
expertly closed via sutures without tension, and stitches 
should be applied generously in layers and should be left 
in place for twice as long as usual (or longer, depend-
ing on patient experience) to prevent wound opening 
and stretching of the scar. Tape over the repaired tissue 
can help prevent stretching of the scar, but needs care-
ful removal to prevent tissue damage. A few anecdotal 

a

c d

b

Fig. 5 | Clinical skin features associated with Ehlers–Danlos syndromes. a | Thin, 
translucent skin. b | Skin hyperextensibility. c | Widened atrophic scarring. d | Haemosiderotic 
scarring. Panels a and c adapted with permission from REF.226, Oxford University Press.

16 | Article citation ID:            (2020) 6:64  www.nature.com/nrdp
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Κληρονομικές διαταραχές του συνδετικού ιστού

• Όταν καθορίστηκαν τα κριτήρια του Brighton για το JHS, αναγνωρίστηκε ότι 
τα άτομα με σύνδρομο Marfan, ατελή οστεογένεση και άλλες πιο σοβαρές 
μορφές EDS μπορεί να έχουν συμπτώματα JHS, αλλά αυτές οι καταστάσεις 
«εξαιρέθηκαν»

• Προσθήκη νέων διαταραχών που σχετίζονται με χαρακτηριστικά τύπου 
Marfan και νεότερες μορφές EDS

• Σύνδρομο Loeys-Dietz (LDS): HDCT με δυσμορφικό προσωπείο 
(υπερτελορισμό, δισχιδή σταφυλή, υπερωιοσχιστία), marfanoid habitus,
γενικευμένη αρτηριακή συστροφή και κίνδυνο αρτηριακής ρήξης



• Διευρυσμένο φάσμα LDS: συμπεριλαμβανομένων ατόμων με φυσιολογικό ανάστημα και 
ελάχιστων δυσμορφικών στοιχείων προσώπου με επίμονο κίνδυνο αρτηριακής συστροφής 

• Η υπερελαστικότητα των αρθρώσεων είναι πολύ συχνή στο LDS, ιδιαίτερα στην παιδική ηλικία

• Τουλάχιστον τέσσερα διαφορετικά γονίδια (TGFBR1, TGFBR2, TGFB2, SMAD3) έχουν πλέον 
προσδιοριστεί ότι προκαλούν LDS, δίνοντας έμφαση στο ρόλο των μη κολλαγονούχων πρωτεϊνών 
εξωκυτταρικού υποστρώματος στην πρόκληση HDCT που σχετίζεται με συστηματικά 
συμπτώματα 

• Μερικοί ασθενείς με JHS: ανεπάρκεια μιας εξωκυτταρικής γλυκοπρωτεΐνης που ονομάζεται 
tenascin X (λόγω απώλειας λειτουργίας του γονιδίου TNXB), συνήθως σε συνδυασμό με 
χαρακτηριστικά συγγενούς υπερπλασίας των επινεφριδίων (λόγω ανεπάρκειας 21-υδροξυλάσης -
διαγραφή γονιδίου CYP21B)

Κληρονομικές διαταραχές του συνδετικού ιστού



Αλληλοεπικάλυψη μεταξύ των κληρονομικών 
διαταραχών του συνδετικού ιστού

with underlying connective tissue fragility present in JHS, may
all contribute to the increased risk of injury.

Injury management should follow the usual course, with
emphasis placed on addressing contributing factors that are
amenable to change. Recovery from injury may take longer in
individuals with JHS,37 particularly the recovery of muscular
strength and endurance.27 Injuries should be treated promptly
by clinicians with expertise in managing hypermobility and
sports injuries to avoid the development of chronic symptoms.

Physical activity

Participation in everyday activities is significantly reduced in
children with JHS.26 Children with JHS report difficulties par-
ticipating in school physical education classes,9 and reduced
participation in sporting activities continues into adulthood.38

The relationship between hypermobility and gross motor skill
proficiency is unclear in the general population, but
hypermobility is disadvantageous in those children with devel-
opmental co-ordination disorder.39 Generalised joint
hypermobilty may be advantageous in activities such as ballet or
gymnastics. However, an increased incidence of pain and injury
in individuals with JHS may prevent the child from progressing
to higher levels within these fields.40

A thorough assessment of the child’s hypermobility and active
joint stability will assist clinicians in guiding families in choosing
physical activities that children can undertake with minimal
pain and injury while still reaping the social and health benefits.
Care should be taken with contact sports, particularly if the
child is hypermobile in the cervical spine (extension range 90°

or more). Knee joint injuries are almost five times more likely to
occur in hypermobile participants of contact sports,41 and finger
injuries are common in ball sports such as netball.42 Individual
non-contact activities such as swimming or Pilates are often
recommended27; however, many children prefer team sports.

Hand function and handwriting

Impaired hand function is a common disabling symptom in
JHS,9,38 with handwriting difficulty reported in up to 40% of
patients. Instability may be present at the interphalangeal,
metacarpophalangeal and carpometacarpal joints of the thumb
and the distal and proximal interphalangeal joints of the index
and middle fingers. The wrist is often implicated. To compensate,
students with JHS frequently adopt a palmar grasp, increasing
the skin surface area on the writing implement with the index
and middle fingers overlapped by the thumb. The resultant firm
and immobile grasp restricts movement, as the muscles are
engaged in supporting the joints, placing strain on the hand, the
forearm and often the upper arm. Examples of these grips are
seen in Figure 3.43 These static grasps contribute to muscle
fatigue, pain, and decreased handwriting legibility, speed and
endurance.9,44 Students with JHS may have difficulty producing
written output required to meet classroom demands. Long-term
handwriting difficulties may have significant negative implica-
tions for academic performance, learning and self-esteem.45

Specific techniques to assist with handwriting include using
assistive equipment such as back cushions, footstools, slope
boards and pen grips to ensure an ergonomic posture when
writing. Splints and taping are used to provide external stability
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Fig. 2 Overlapping features in heritable disorders of connective tissue presenting with joint hypermobility. Adapted from Grahame.15 ASD, atrial septal defect;
BAV, bicuspid aortic valve; CDH, congenital dysplasia of the hips; EDS, Ehlers–Danlos syndrome; EDS-HT, Ehlers–Danlos syndrome hypermobility type; JHS, joint
hypermobility syndrome; MVP, mitral valve prolapse; OI, osteogenesis imperfecta; PDA, persistent ductus arteriosus; TEV, talipes equinovarus.
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• Το JHS μπορεί να εμφανιστεί σε συνδυασμό με αρκετές άλλες HDCT 

που είναι δύσκολο να διακριθούν κλινικά από το EDS-HT

• Είναι σημαντικό να ληφθούν υπόψη αυτές οι διαγνώσεις

• Παραπομπή για περαιτέρω έρευνες όπως ηχοκαρδιογραφική και 

οφθαλμολογική εξέταση και πιθανή αγγειακή απεικόνιση 

• Η υποκείμενη γενετική βάση των περισσοτέρων EDS-HT είναι 

άγνωστη, αλλά ο γενετικός έλεγχος είναι διαθέσιμος για άλλες HDCT 

και μπορεί να ενδείκνυται για τον αποκλεισμό άλλων καταστάσεων

to distal joints, allow more fluid movement, and prevent or
delay the onset of pain and fatigue. Despite a lack of published
evidence, the use of splinting has been observed to reduce pain
and improve endurance.

In relation to curriculum access, frequent rest breaks are
required, particularly during writing-intensive subjects and
examination procedures. For students who experience pain
within minutes of writing, alternative strategies such as access-
ing other students’ notes or using technology such as tablet
devices or computers are required. Liaison with the school is
important to ensure strategies can be implemented throughout
the day. Classrooms may be timetabled close together or on the
ground floor to limit the amount of walking between classes.
Students are advised to use lockers and to have a second set of
textbooks to avoid carrying heavy bags.

Fatigue

Fatigue is a disabling symptom for the majority of children with
JHS.10 Children with JHS often do not report fatigue unless
questioned or objectively assessed, possibly because of difficul-
ties describing it, or because they have lived with it for some
time and do not realise what is normal. The cause of fatigue in
this population remains unknown, and it is likely to be multi-
factorial in nature. Screening children with disabling fatigue for
other conditions is often warranted. A diagnosis of chronic
fatigue syndrome (CFS) is excluded by the presence of under-
lying JHS, but the standard multidisciplinary approach to CFS is
usually beneficial.46

Poor sleep,47 muscle weakness48 and dysautonomia49 have
all been shown to be associated with worse fatigue in JHS.
Physiotherapy-based graded reconditioning programmes seem
to be helpful, and anecdotally, aquatic physiotherapy seems
efficacious for children with fatigue that interferes with their
day-to-day activities. Cognitive–behavioural therapy including
self-management and pacing advice is widely recommended,
and involvement of a psychologist and the child’s school is
important in sustaining improvement. Sleep dysfunction is
also frequently observed in children with JHS9 and should be
addressed, as it may potentiate chronic pain and fatigue.

Psychological interventions

Patients with JHS are known to have fluctuating symptom
patterns that can be unpredictable and disruptive to their

general functioning. ‘Boom and bust’ cycles are often estab-
lished, where periods of relative symptom control can result in
excessive activity, which can result in worsening symptoms
and periods of inactivity, which in turn worsen symptoms.
Patients, their families and their schools need to be educated
about instituting a paced and graded activity programme that
establishes a pattern of essential activities, including school
and household tasks, that children need to be able to under-
take before additional activities such as sports and recrea-
tion are added in a stepwise fashion. Psychological interven-
tion to explore stressors and develop coping strategies for
fatigue, chronic pain and anxiety is also essential in some
patients.

Table 3 Baseline investigations and referrals to consider in patients
with hypermobility24

• Chromosome microarray
• Fragile X gene test, especially in developmental delay in males
• Urine metabolic screen
• Skeletal survey (if patient is of short stature)
• Echocardiogram
• Ophthalmological examination
• Non-invasive vascular imaging (magnetic resonance

imaging/angiogram)
• Referral for genetic testing to exclude identifiable heritable disorders

of connective tissue

(a)

(b)

Fig. 3 Variations in pencil grip seen in children with joint hypermobility. (a)
Lateral quadrupod pencil grasp. The thumb variably overlaps the index,
third and fourth fingers, keeping the pencil in the palm of the hand. This is
a firm and immobile grasp that prevents distal control of the fingers and can
result in strain of the wrist and hand. Writing speed, endurance and legibil-
ity are affected by this type of grasp. (b) Lateral tripod pencil grasp. The
thumb overlaps the index and middle finger, keeping the pencil in the palm
of the hand. This is a static grasp that can cause muscle fatigue and pain
with prolonged writing, resulting in impaired speed and legibility.
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Διεπιστημονική Προσέγγιση Αποκατάστασης στη 
Διαχείριση της Λειτουργικής Αναπηρίας στο JHS

• JHS → αναπηρία & αδυναμία συμμετοχής σε σωματικές, κοινωνικές και εκπαιδευτικές 

δραστηριότητες 

• Σοβαρό άκρο του φάσματος: δυσκολία στο περπάτημα και στις δραστηριότητες της καθημερινής 

ζωής → αστάθεια των αρθρώσεων, χρόνιος πόνος και κόπωση 

• Τα συμπτώματα μπορεί να έχουν επεισοδιακό χαρακτήρα με περιόδους ιδιαίτερης ευπάθειας, 

ειδικά στην πρώιμη σχολική ηλικία και στην πρώιμη εφηβεία 



• Οι θεραπευτές που ασχολούνται με παιδιά με JHS θα πρέπει να είναι 
εξοικειωμένοι με την πάθηση και τη συνιστώμενη αντιμετώπιση

• Τα παιδιά με ήπια συμπτώματα (πχ. μεμονωμένο πρόβλημα στο γράψιμο) θα 
χρειαστούν επίσης παραπομπή σε επιμέρους ειδικό και θεραπευτή

• Τα παιδιά με σοβαρότερα συμπτώματα θα χρειαστούν πρόσβαση σε ειδικό 
παιδίατρο, ψυχολόγο και σχολικό νοσηλευτή, αλλά και ενίοτε διεπιστημονική 
προσέγγιση των λειτουργικών συμπτωμάτων

Διεπιστημονική Προσέγγιση Αποκατάστασης στη 
Διαχείριση της Λειτουργικής Αναπηρίας στο JHS



• Μακροπρόθεσμοι στόχοι θεραπείας: 

ü στρατηγικές αυτοδιαχείρισης αντιμετώπιση προβλημάτων πόνου ή αστάθειας που σχετίζονται με τις αρθρώσεις παρέχουν 

προοδευτική αποκατάσταση αντιμετώπιση δυσκολιών συντονισμού και ισορροπίας

ü επαναφορά του παιδιού σε πλήρη φοίτηση στο σχολείο

ü διαχείριση του πόνου και της κούρασης

ü Διευκόλυνση της συμμετοχής σε τακτικές δραστηριότητες κατάλληλες για την ηλικία 

• Εάν τα παιδιά έχουν ανεπαρκή φοίτηση στο σχολείο, δεν μπορούν να περπατήσουν μία λειτουργική 

απόσταση, πέφτουν συχνά, δεν μπορούν να διαχειριστούν τις καθημερινές δραστηριότητες τους, έχουν 

περίπλοκες προσωπικές ή οικογενειακές ψυχολογικές δυσκολίες ή δεν ανταποκρίνονται σε θεραπεία ως 

εξωτερικοί ασθενείς → εισαγωγή για αποκατάσταση με τη βοήθεια φυσιοθεραπείας και ψυχολογικής 

υποστήριξης

Διεπιστημονική Προσέγγιση Αποκατάστασης στη 
Διαχείριση της Λειτουργικής Αναπηρίας στο JHS



• Συχνός μεταναστευτικός μη φλεγμονώδης πόνος στις αρθρώσεις 

• Τα οξέα συμπτώματα εμφανίζονται είτε κατά τη διάρκεια είτε μετά τη δραστηριότητα 
και βελτιώνονται με την ανάπαυση 

• Ο χρόνιος πόνος (πάνω από 3 μήνες) είναι ένα κοινό πρόβλημα στο JHS 

• Το γόνατο, το πόδι και ο αστράγαλος επηρεάζονται συχνότερα 

Μυοσκελετικός πόνος

ü Οι ασθενείς χρειάζονται αξιολόγηση και εξατομικευμένο 
πρόγραμμα θεραπείας 

ü Εκπαίδευση για την ενθάρρυνση στρατηγικών 
αυτοδιαχείρισης



• Δύο τυχαιοποιημένες ελεγχόμενες μελέτες έχουν δείξει 30-40% μείωση του πόνου σε 
παιδιά με JHS μετά από άσκηση 6-8 εβδομάδων υπό την επίβλεψη φυσιοθεραπευτή 

• Ορθοτικές συσκευές για τη βελτίωση της εμβιομηχανικής του ποδιού και των 
συμπτωμάτων των κάτω άκρων 

• Ο αυξημένος BMI για την ηλικία έχει συσχετιστεί έντονα με αυξημένο πόνο στις 
αρθρώσεις στους εφήβους 

• Παθητικές θεραπείες όπως εφαρμογή πάγου, μασάζ, ηλεκτροθεραπείες και νάρθηκες 
μπορεί να είναι χρήσιμες σε περιόδους έξαρσης του πόνου, αλλά θα πρέπει να 
αποφεύγονται ως μακροπρόθεσμες στρατηγικές

Μυοσκελετικός πόνος



• Απλά αναλγητικά όπως η παρακεταμόλη → μπορεί να είναι ευεργετικά σε περιόδους έξαρσης 
του πόνου 

• Μη στεροειδή αντιφλεγμονώδη και οπιούχα → συχνά ανεπαρκή λόγω επιδείνωσης των 
συμπτωμάτων του ανώτερου γαστρεντερικού συστήματος ή της κόπωσης

• Υπάρχουν κάποιες ενδείξεις ότι η μακροχρόνια χρήση οπιούχων (>16 εβδομάδες) μπορεί να 
επιδεινώσει τον χρόνιο πόνο, καθώς και να προκαλέσει εξάρτηση 

• Μερικοί ασθενείς με χρόνιο πόνο μπορεί να ωφεληθούν από φαρμακολογικές θεραπείες 
πέρα από την απλή αναλγησία για την τροποποίηση της αντίληψης του πόνου (εκλεκτικοί 
αναστολείς επαναπρόσληψης σεροτονίνης, τρικυκλικά αντικαταθλιπτικά και αντιεπιληπτικά 
όπως η γκαμπαπεντίνη), αν και αυτά τα φάρμακα πρέπει να χρησιμοποιούνται με προσοχή και 
όχι για μεγάλο χρονικό διάστημα

• Οι φαρμακολογικές θεραπείες δεν παρέχουν μακροχρόνιο έλεγχο των συμπτωμάτων και δεν 
πρέπει να δίνονται μεμονωμένα χωρίς πλάνο σωματικής και ψυχολογικής αποκατάστασης

Μυοσκελετικός πόνος



Ημικρανία
Οι πονοκέφαλοι μπορεί να είναι ένας από τους πιο εξουθενωτικούς 
και συχνότερους πόνους

• Ημικρανία 

• Καθημερινός επίμονος πονοκέφαλος 

• Αυχενικής αιτιολογίας 

• Δυσλειτουργία της κροταφογναθικής άρθρωσης 

Θεραπεία της κεφαλαλγίας: 

συμπτωματική ανάλογα με την υποκείμενη αιτία



• Αστάθεια και ο τραυματισμός των αρθρώσεων συνήθη σε παιδιά με JHS 

• Το γόνατο → η πιο προσβεβλημένη άρθρωση
ü Μειωμένη ιδιοδεκτικότητα των αρθρώσεων
ü Μειωμένη μυϊκή ισχύς
ü Αλλαγές στις κινητικές στρατηγικές
ü Κακή ισορροπία
ü Μειωμένη φυσική κατάσταση
ü Υποκείμενη ευθραυστότητα του συνδετικού ιστού

συμβάλλουν στον αυξημένο κίνδυνο τραυματισμού 

Τραυματισμός αρθρώσεων και μαλακών μορίων



Τραυματισμός αρθρώσεων και μαλακών μορίων

• Η διαχείριση τραυματισμών θα πρέπει να ακολουθεί τη συνήθη πορεία, με 
έμφαση στην αντιμετώπιση των παραγόντων που συμβάλλουν που 
επιδέχονται αλλαγές

• Η ανάρρωση από τραυματισμό μπορεί να διαρκέσει περισσότερο, ιδιαίτερα 
η αποκατάσταση της μυϊκής δύναμης και αντοχής 
• Οι τραυματισμοί θα πρέπει να αντιμετωπίζονται άμεσα από κλινικούς 

ιατρούς με εξειδίκευση στη διαχείριση της υπερελαστικότητας και των 
αθλητικών κακώσεων για να αποφευχθεί η ανάπτυξη χρόνιων συμπτωμάτων



• Η συμμετοχή σε καθημερινές δραστηριότητες μειώνεται σημαντικά στα παιδιά με JHS 

• Οι δυσκολίες συμμετοχής στα σχολικά μαθήματα φυσικής αγωγής και η μειωμένη 
συμμετοχή σε αθλητικές δραστηριότητες συνεχίζονται και στην ενήλικη ζωή 

• Η σχέση μεταξύ υπερελαστικότητας και αδρής κινητικότητας είναι ασαφής στον γενικό 
πληθυσμό, αλλά η υπερελαστικότητα είναι μειονεκτική σε παιδιά με αναπτυξιακή 
διαταραχή συντονισμού 

• Η γενικευμένη υπερελαστικότητα των αρθρώσεων μπορεί να είναι επωφελής σε 
δραστηριότητες όπως το μπαλέτο ή η γυμναστική 

• Πaραταύτα, η αυξημένη συχνότητα πόνου και τραυματισμού μπορεί να εμποδίσει το 
παιδί να προχωρήσει σε υψηλότερα επίπεδα σε αυτά τα αθλήματα

Φυσική δραστηριότητα



Φυσική δραστηριότητα
• Ενδελεχής αξιολόγηση της υπερελαστικότητας και της ενεργού σταθερότητας των 

αρθρώσεων του παιδιού → επιλογή κατάλληλων δραστηριοτήτων με ελάχιστο πόνο 
και τραυματισμό

ü Προσοχή στα αθλήματα επαφής, ιδιαίτερα εάν το παιδί είναι υπερκινητικό 
στην αυχενική μοίρα της σπονδυλικής στήλης (εύρος επέκτασης 90° ή 
περισσότερο) 

• Τραυματισμοί των αρθρώσεων του γόνατος → 5Χ πιθανότερες σε παιδιά με 
υπερελαστικότητα που συμμετέχουν σε αθλήματα επαφής

• Τραυματισμοί των δακτύλων συνηθισμένοι σε αθλήματα με μπάλα (πχ. βόλευ)

• Συχνά συνιστώνται μεμονωμένες δραστηριότητες χωρίς επαφή, όπως κολύμπι ή 
pilates

• Ωστόσο, πολλά παιδιά προτιμούν τα ομαδικά αθλήματα



• Διαταραχή της λειτουργίας των χεριών → κοινό σύμπτωμα (δυσκολία 
γραφής έως και 40%)

• Αστάθεια στις μεσοφαλαγγικές, μετακαρποφαλαγγικές και 
καρπομετακαρπικές αρθρώσεις του αντίχειρα και στις ακραίες και εγγύς 
μεσοφαλαγγικές αρθρώσεις του δείκτη και του μέσου δακτύλου 

• Συχνά εμπλέκεται ο καρπός

• Αντισταθμιστικά, οι μαθητές με JHS υιοθετούν συχνά μια παλαμιαία 
σύλληψη, αυξάνοντας την επιφάνεια κάλυψης του εργαλείου γραφής με 
τον δείκτη και το μεσαίο δάχτυλο να επικαλύπτονται από τον αντίχειρα 

Λειτουργία άκρας χείρας και γράψιμο



• Η προκύπτουσα σταθερή και ακίνητη λαβή περιορίζει την κίνηση, καθώς 
οι μύες εμπλέκονται στην υποστήριξη των αρθρώσεων, ασκώντας πίεση 
στο χέρι, το αντιβράχιο και συχνά τον βραχίονα 

• Αυτές οι στατικές λαβές συμβάλλουν στη μυϊκή κόπωση, τον πόνο, τη 
μειωμένη αναγνωσιμότητα, ταχύτητα και αντοχή στο γράψιμο

• Οι μαθητές με JHS μπορεί να δυσκολεύονται να παράγουν γραπτά που 
απαιτούνται για την κάλυψη των απαιτήσεων της τάξης 

• Οι μακροχρόνιες δυσκολίες γραφής μπορεί να έχουν σημαντικές αρνητικές 
επιπτώσεις στην ακαδημαϊκή επίδοση, τη μάθηση και την αυτοεκτίμηση

to distal joints, allow more fluid movement, and prevent or
delay the onset of pain and fatigue. Despite a lack of published
evidence, the use of splinting has been observed to reduce pain
and improve endurance.

In relation to curriculum access, frequent rest breaks are
required, particularly during writing-intensive subjects and
examination procedures. For students who experience pain
within minutes of writing, alternative strategies such as access-
ing other students’ notes or using technology such as tablet
devices or computers are required. Liaison with the school is
important to ensure strategies can be implemented throughout
the day. Classrooms may be timetabled close together or on the
ground floor to limit the amount of walking between classes.
Students are advised to use lockers and to have a second set of
textbooks to avoid carrying heavy bags.

Fatigue

Fatigue is a disabling symptom for the majority of children with
JHS.10 Children with JHS often do not report fatigue unless
questioned or objectively assessed, possibly because of difficul-
ties describing it, or because they have lived with it for some
time and do not realise what is normal. The cause of fatigue in
this population remains unknown, and it is likely to be multi-
factorial in nature. Screening children with disabling fatigue for
other conditions is often warranted. A diagnosis of chronic
fatigue syndrome (CFS) is excluded by the presence of under-
lying JHS, but the standard multidisciplinary approach to CFS is
usually beneficial.46

Poor sleep,47 muscle weakness48 and dysautonomia49 have
all been shown to be associated with worse fatigue in JHS.
Physiotherapy-based graded reconditioning programmes seem
to be helpful, and anecdotally, aquatic physiotherapy seems
efficacious for children with fatigue that interferes with their
day-to-day activities. Cognitive–behavioural therapy including
self-management and pacing advice is widely recommended,
and involvement of a psychologist and the child’s school is
important in sustaining improvement. Sleep dysfunction is
also frequently observed in children with JHS9 and should be
addressed, as it may potentiate chronic pain and fatigue.

Psychological interventions

Patients with JHS are known to have fluctuating symptom
patterns that can be unpredictable and disruptive to their

general functioning. ‘Boom and bust’ cycles are often estab-
lished, where periods of relative symptom control can result in
excessive activity, which can result in worsening symptoms
and periods of inactivity, which in turn worsen symptoms.
Patients, their families and their schools need to be educated
about instituting a paced and graded activity programme that
establishes a pattern of essential activities, including school
and household tasks, that children need to be able to under-
take before additional activities such as sports and recrea-
tion are added in a stepwise fashion. Psychological interven-
tion to explore stressors and develop coping strategies for
fatigue, chronic pain and anxiety is also essential in some
patients.

Table 3 Baseline investigations and referrals to consider in patients
with hypermobility24

• Chromosome microarray
• Fragile X gene test, especially in developmental delay in males
• Urine metabolic screen
• Skeletal survey (if patient is of short stature)
• Echocardiogram
• Ophthalmological examination
• Non-invasive vascular imaging (magnetic resonance

imaging/angiogram)
• Referral for genetic testing to exclude identifiable heritable disorders

of connective tissue

(a)

(b)

Fig. 3 Variations in pencil grip seen in children with joint hypermobility. (a)
Lateral quadrupod pencil grasp. The thumb variably overlaps the index,
third and fourth fingers, keeping the pencil in the palm of the hand. This is
a firm and immobile grasp that prevents distal control of the fingers and can
result in strain of the wrist and hand. Writing speed, endurance and legibil-
ity are affected by this type of grasp. (b) Lateral tripod pencil grasp. The
thumb overlaps the index and middle finger, keeping the pencil in the palm
of the hand. This is a static grasp that can cause muscle fatigue and pain
with prolonged writing, resulting in impaired speed and legibility.
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• Ειδικές τεχνικές για τη βοήθεια με το γράψιμο → χρήση βοηθητικού εξοπλισμού (μαξιλάρια 
πλάτης, υποπόδια, επικλινείς επιφάνειες και λαβές στυλό) για να διασφαλιστεί μια εργονομική 
στάση κατά τη γραφή

• Νάρθηκες και ταινίες χρησιμοποιούνται για να παρέχουν εξωτερική σταθερότητα στις ακραίες 
αρθρώσεις και να αποτρέπουν ή να καθυστερούν την εμφάνιση πόνου και κόπωσης

• Παρά την έλλειψη δημοσιευμένων στοιχείων, η χρήση νάρθηκα έχει παρατηρηθεί ότι μειώνει 
τον πόνο και βελτιώνει την αντοχή

• Σε σχέση με την πρόσβαση στο πρόγραμμα σπουδών, απαιτούνται συχνά διαλείμματα 
ανάπαυσης, ιδιαίτερα κατά τη διάρκεια διαδικασιών εξέτασης που απαιτούν ένταση γραφής

Λειτουργία άκρας χείρας και γράψιμο



Λειτουργία άκρας χείρας και γράψιμο

• Για τους μαθητές που αισθάνονται πόνο μέσα σε λίγα λεπτά από την έναρξη της 
γραφής, απαιτούνται εναλλακτικές στρατηγικές, όπως η πρόσβαση στις σημειώσεις 
άλλων μαθητών ή η χρήση τεχνολογίας, όπως συσκευές tablet ή υπολογιστές

• Η επαφή με το σχολείο είναι σημαντική για να διασφαλιστεί ότι οι στρατηγικές μπορούν 
να εφαρμοστούν καθ' όλη τη διάρκεια της ημέρας

• Οι αίθουσες διδασκαλίας μπορούν να προγραμματιστούν κοντά η μία ή στο ισόγειο για 
να περιοριστεί ο χρόνος πεζοπορίας μεταξύ των τάξεων

• Συνιστάται στους μαθητές να χρησιμοποιούν ντουλάπια και να έχουν ένα δεύτερο σετ 
σχολικών βιβλίων για να αποφύγουν να μεταφέρουν βαριές τσάντες



• Συχνά δεν αναφέρουν κόπωση εκτός εάν ρωτηθούν ή αξιολογηθούν 
αντικειμενικά, πιθανώς λόγω δυσκολιών στην περιγραφή της ή επειδή 
έχουν ζήσει με αυτήν για κάποιο χρονικό διάστημα και δεν 
συνειδητοποιούν τι είναι φυσιολογικό

• Αιτία κόπωσης: άγνωστη - πολυπαραγοντικής φύσης 

• Ο έλεγχος των παιδιών με κόπωση για άλλες παθήσεις είναι συχνά 
δικαιολογημένος 

• Το σύνδρομο χρόνιας κόπωσης (CFS) αποκλείεται από την παρουσία του 
υποκείμενου JHS, αλλά η τυπική διεπιστημονική προσέγγιση στο CFS 
είναι συνήθως ευεργετική

Κόπωση

ü Κόπωση: ένα σοβαρό σύμπτωμα για την πλειοψηφία των παιδιών με JHS 



Κόπωση

• Προγράμματα διαβαθμισμένης αποκατάστασης που βασίζονται στη 
φυσιοθεραπεία χρήσιμα ανεκδοτολογικά

• Υδροθεραπεία αποτελεσματική για παιδιά με κόπωση που παρεμποδίζει τις 
καθημερινές τους δραστηριότητες 

• Συνιστάται ευρέως η γνωσιακή-συμπεριφορική θεραπεία που περιλαμβάνει 
συμβουλές αυτοδιαχείρισης

• Ψυχολογική υποστήριξη και θετική στάση του σχολείου σημαντικές για τη 
διατήρηση της βελτίωσης 

• Δυσλειτουργία του ύπνου παρατηρείται επίσης συχνά και πρέπει να 
αντιμετωπιστεί, καθώς μπορεί να ενισχύσει τον χρόνιο πόνο και την κόπωση

ü Ο κακός ύπνος, η μυϊκή αδυναμία και η δυσαυτονομία επιδεινώνουν την κόπωση 
στο JHS 



Ψυχολογικές παρεμβάσεις
• Κυμαινόμενα πρότυπα συμπτωμάτων: απρόβλεπτα με διαταραχή της γενικής λειτουργίας 

• Κύκλοι «έκρηξης και κατάρρευσης»: περίοδοι σχετικού ελέγχου των συμπτωμάτων που μπορεί 
να οδηγήσουν σε υπερβολική δραστηριότητα, η οποία μπορεί να οδηγήσει σε επιδείνωση των 
συμπτωμάτων και περιόδους αδράνειας, που με τη σειρά τους επιδεινώνουν τα συμπτώματα

• Οι ασθενείς, οι οικογένειές και τα σχολεία τους πρέπει να εκπαιδεύονται σχετικά με τη 
θέσπιση ενός διαβαθμισμένου προγράμματος δραστηριοτήτων, που περιλαμβάνει ένα βασικό 
αρχικό πρότυπο (σχολικές και οικιακές εργασίες) με μετέπειτα σταδιακή εισαγωγή 
δραστηριοτήτων όπως ο αθλητισμός και η αναψυχή 

• Η ψυχολογική παρέμβαση για τη διερεύνηση των στρεσογόνων παραγόντων και την ανάπτυξη 
στρατηγικών αντιμετώπισης της κόπωσης, του χρόνιου πόνου και του άγχους είναι επίσης 
απαραίτητη σε ορισμένους ασθενείς



Table 37.1

Main characteristics of inherited disorders of connective tissue leading to neurologic complications

Disease Prevalence Inheritance Gene Cerebrovascular manifestations Other neurologic manifestations

Ehlers–Danlos syndrome
type I and II (classic)

1–5/100000 AD COL5A1,
COL5A2

Exceptional arterial rupture Plexus neuropathies due to ligament laxity
Sensorimotor polyneuropathy, myopathy
Rarely nerve root or spinal cord compression

due to kyphoscoliosis
Recurrent headaches
Congenital malformations of brain parenchyma

and vessels

AD COL5A1,
COL5A2

Ehlers–Danlos syndrome
type III (hypermobile)

1/10000 AD TNXB?

Ehlers–Danlos syndrome type IV
(vascular)

0.2–1/100000 AD COL3A1 Carotid-cavernous fistula
Cervical artery dissection ischemic
stroke

Intracranial dissection and aneurysms
–>SAH, ICH

Arterial rupture –> ICH or SAH
Marfan syndrome 1/5000 AD Fibrillin 1 Aortic dissection extending to

cervical arteries
Cardioembolic ischemic stroke

Complications of dural ectasia (nerve root
compression, intracranial hypotension)

Loeys–Dietz syndrome ? AD TGFBR1,
TGFBR2

Aortic dissection extending to
cervical arteries

Arterial tortuosities of head and
neck vessels

Complications of dural ectasia (nerve root
compression, intracranial hypotension)

Rarely developmental delay

Arterial tortuosity syndrome ? AR SLC2A10 Ischemic stroke
Pseudoxanthoma elasticum 1/75000 AR ABCC6 Rare ischemic stroke
Osteogenesis imperfecta <1/20000? COL1A1,

COL1A2
Basilar impression
Spinal cord compression
Hydrocephalus

Homocystinuria <1/20500 AR CBS* Ischemic stroke Mental retardation
Seizures

Mucopolysaccharidosis type I
(Hurler syndrome,
Scheie syndrome)

1/100000 AR IDUA Cervical spinal cord compression
Carpal tunnel syndrome
Communicating hydrocephalus (Hurler)
Progressive cognitive impairment (Hurler)

Mucopolysaccharidosis type II
(Hunter syndrome)

1/100000 XL IDS Carpal tunnel syndrome
Behavioral disorder, psychomotor regression

Mucopolysaccharidosis type VI
(Maroteaux–Lamy)

<1/1000000 AR ARSB Cervical spinal cord compression
Carpal tunnel syndrome
Communicating hydrocephalus

*This is the most common form of homocystinuria.

AD, autosomal dominant; AR, autosomal recessive; XL, X-linked; ICH, intracerebral hemorrhage; MS, multiple sclerosis; SAH, subarachnoid hemorrhage.
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Συσχέτιση μεταξύ υπερελαστικότητας αρθρώσεων, συνδρόμου 
υπερελαστικότητας αρθρώσεων/σ. Ehlers–Danlos υπερελαστικού
τύπου (JHS/EDS-HT) και αναπτυξιακής διαταραχής συντονισμού

gJHM, the terms benign joint hyper-
mobility syndrome, JHS, hypermobility
syndrome and EDS-HT were used
presumably as synonyms, with the
exception of the work by Hunter et al.
[1998] in which patients with different
clinical subtypes of EDS were included.
Concerning the diagnosis of JHS/EDS-
HT (and synonyms) the application of
the Brighton and/or Villefranche cri-
teria were declared in two [Juul-Kris-
tensen et al., 2009; Castori et al., 2014],
presumed in one [Adib et al., 2005], and
not specified in two [Schubert-Hjal-
masson et al., 2012; Easton et al., 2014].
The three remaining papers consisted of
questionnaires sent to members of na-
tional patients’ associations related to
JHS and EDS; therefore, presumably,
the children were diagnosed with one of
these syndromes [Hunter et al., 1998;
Kirby et al., 2005; Kirby and Davies,
2007].

The spectrum of coordination
impairments in gJHM or JHS/EDS-
HTwas grouped under the term DCD
in six papers [Kirby et al., 2005; Kirby
and Davies, 2007; Morrison et al., 2013;
Jelsma et al., 2013; Castori et al., 2014;
Easton et al., 2014]. In the remaining
eight, neurodevelopmental attributes
were selectively investigated as follows:
two works collected historical data only
[Hunter et al., 1998; Abid et al., 2005];
two checked for developmental mile-
stones attainment, muscle tone and
power, and tendon reflexes [Benady
and Ivanans, 1978; Jaffe et al., 1988]; one
included a dedicated neurologic exami-
nation and the administration of specific
neuropsychologic tests [Davidovitch
et al., 1994]; two investigated gross
and fine motor competences with
specific performance tests [Tirosh
et al., 1991; Juul-Kristensen et al.,
2009]; one tested balance with the
Bruininks-Oseretsky test [Schubert-
Hjalmasson et al., 2012], and another
one with gait analysis [Falkerslev et al.,
2013].

The extreme heterogeneity in the
definition of the two partially over-
lapping clinical categories in Figure 1
hampers the possible generalization of
the data presented; however, the dyadic
combination of gJHM and DCD is

unlikely explained by selection biases or
indirect association between relatively
common phenomena. While pleiotropy
may still explain the coexistence of
different features affecting intercon-
nected systems within the same genetic
condition, actually, the existence of a
pathogenic link between gJHM and
DCD seems more reasonable in JHS/
EDS-HT.

Pathogenesis of DCD and Other
Developmental Disorders in gJHM
and JHS/EDS-HT

To date, deciphering the cause-effect
progression underlying the link between
gJHM and DCD is a difficult task. On a
clinical perspective, it is undoubtedly
more common to encounter “double-
jointed” toddlers who progressively
manifest features of DCD, than a child
requiring special education who devel-
ops gJHM subsequently to the diagnosis
of DCD. Hence, it is likely that gJHM
pre-exists the development of DCD in

most cases. As no more than 2/3 of
DCD patients also show gJHM [Jelsma
et al., 2013] and 55% only of JHS/EDS-
HT children meet the criteria for DCD
[Castori et al., 2014], ligamentous laxity
should be considered a possible predis-
posing trait for a selected subset of DCD
patients.

As many (or, perhaps, most) indi-
viduals with objective or historical
gJHM are thought to develop through-
out childhood without obvious signs of
DCD or learning deficits, it seems likely
that gJHM is not sufficient per se to
“cause” DCD. Hence, the link between
the two should be an intermediate, not
obligatory phenotype, which may be
represented by impaired proprioception
(Fig. 2). Defective kinesthesia is a
common feature in children with
DCD [Clark and Khattab, 2012]. This
evidence may relate to the existence of
different neuropsychological subtypes in
DCD [Vaivre-Douret et al., 2011],
which could result from distinct, but
phenotypically convergent neurophy-

Figure 2. Diagram of the possible pathogenic link between joint hypermobility and
developmental coordination disorder (DCD). Variability in joint motion (black curve)
and motor competence (gray curve) are represented as Gaussian curves. For both
continuous variables, frequencies are highest for a presumed middle value. On the right
side of these curves are individuals with the highest degree of joint mobility (e.g.
Beighton score!5!9–black curve) and the lowest degree ofmotor control (e.g. DCD –
gray curve). Accordingly to literature data and Figure 1, these two curves partially
overlap. The phenotypic (i.e. clinically recognizable) manifestation of DCD is intended
as a dichotomic feature with a presumed cut-off along the Gaussian curve of motor
competence. The cut-off dotted line also intersects the Gaussian curve for joint mobility.
The subset of “double-jointed” individuals who develop DCD are probably those who
also have a clinically relevant impairment of proprioception.
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• Ύπαρξη υποσυνόλου ατόμων που πληρούν τα κριτήρια τόσο της 
αναπτυξιακής διαταραχής συντονισμού (DSM-5) όσο και της 
γενικευμένης υπερκινητικότητας των αρθρώσεων (συνήθως, 
βαθμολογία Beighton >5) 

• Έμμεσα στοιχεία για JHS/EDS-HT → σχετικά κοινή διάγνωση 

• Η αριθμητική σχετικότητα του JHS/EDS-HT στην ευρύτερη ομάδα 
της αρθρικής υπερελαστικότητας αυξάνεται 

• Οι παιδιατρικές αναπηρίες είναι πιο συχνές σε εκείνα τα παιδιά 
που επηρεάζονται από JHS/EDS-HT και αναπτύσσουν επίσης DCD

2014; Zou et al., 2014] was carried out.
Molecular testing excluded pathogenic
mutations in COL1A1, COL1A2 and
COL12A1.

The extended family study, dem-
onstrated that the mother of the patient
showed a similar myopathic pattern at
electromyography. At 40 years of age,
she also showed Beighton score 5/9,
recurrent arthralgias at most joints and
entire spine, myalgias, temporomandib-
ular joint dysfunction with recurrent
blocks, thoracic hyperlordosis, lumbar
hyperkyphosis, mild scoliosis, bilateral
cubitus, genu and hallux valgus, a history of
congenital hip dislocation and recurrent
strains of the heels, broad base gait,
osteopenia at bone mineral density test,
soft skin, keratosis pilaris, hypoplastic
lingual frenulum, blue sclerae, and trivial
tricuspidal and mitral insufficiency at
heart ultrasound. The older and younger
sisters of the proband were reportedly
affected by gJHM and congenital hip
dislocation. Once excluded any other
muscle, bone and (soft) connective tissue
disorder, the default diagnosis of JHS/
EDS-HT was established in this family
according to combination of Ville-
franche (proband, mother) and Brigh-
ton (mother) criteria.

DISCUSSION

Collectively, the sparse literature avail-
able suggests a non-casual association
between gJHM and impaired motor
coordination, which corresponds to
the criteria for DCD in children.
The reason(s) for such an overlap still
remain(s) undetermined. It is now
known that most children with DCD
are also hypermobile according to the
Beighton score and that a proportion of
hypermobile children suffer of dyspraxia
and other coordination impairments.
JHS/EDS-HT is probably the most
common syndromic diagnosis for chil-
dren with symptomatic gJHM [Tofts
et al., 2009]. Therefore, among hyper-
mobile children with DCD, there is a
subgroup also matiching the JHS/EDS-
HT criteria (Fig. 1), although the
phenotypic overall still needs to be
defined in details. Furthermore, the
clinical manifestations of JHS/EDS-

HT are growing and actually blur with
those of gJHM, especially among chil-
dren who typically present more joint
laxity than adults. Then, DCD may be a
possible independent outcome of gJHM
regardless of the background syn-
dromic/non-syndromic diagnosis, or
rather it may predict the onset of other
JHS/EDS-HT manifestations.

In Figure 1, JHS/EDS-HT is
depicted as the only phenotypic sub-
group of gJHM. However, practice tells
us that the same neurodevelopmental
characteristics can manifest in hereditary
connective tissue disorders presenting
with gJHM, such as classic EDS, Marfan
syndrome and related disorders. Hence,
the epidemiological and clinical rele-
vance of the link between gJHM and
DCD may extend beyond the com-
monly encountered clumsy child with
gJHM (with or without JHS/EDS-HT)
to the many other rare hereditary
connective tissue disorders for which
JHS/EDS-HT likely represents a bio-
pathological model [Castori et al.,
2013a]. As DCD can often associate
with various learning deficits, under-
standing the link between gJHM and
these pediatric disabilities could help in
better evaluating and, hopefully, treating
the neurodevelopmental manifestations

of hereditary connective tissue
disorders.

Limitations of Reviewed Articles

Besides the epidemiological relationship
between impaired coordination and
gJHM, it is difficult to compare the
reported published studies because of an
overt methodological heterogeneity,
especially concerning the evaluation of
joint motion. A similar conclusion was
reached by the authors of a previous
review [Clarks and Khattab, 2012]. In
particular, four studies used non-stand-
ardized methods [Benady and Ivanans,
1978; Jaffe et al., 1988; Tirosh et al.,
1991; Davidovitch et al., 1994], seven
applied the Beighton score [Adib et al.,
2005; Kirby et al., 2005; Kirby and
Davies, 2007; Juul-Kristensen et al.,
2009; Falkerslev et al., 2013; Jelsma
et al., 2013; Castori et al., 2014], one the
Bulbena score or Del Mar criteria
[Engelbert et al., 2005; Schubert-Hjal-
masson et al., 2012] and one the Lower
Limb Assessment score [Morrison et al.,
2013]. In the remaining two, no detail
was provided concerning the assessment
of gJHM [Hunter et al., 1998; Easton
et al., 2014]. Among the eight works
investigating subjects with syndromic

Figure 1. Relationships between joint hypermobility, joint hypermobility
syndrome/Ehlers–Danlos syndrome, hypermobility type (JHS/EDS-HT) and devel-
opmental coordination disorder. The ideogram shows the existence of a subset of
individuals who meet the criteria of both developmental coordination disorder (DSM-
5) and generalized joint hypermobility (usually, Beighton score!5). The extent of such
an overlap is still undefined but seems more prominent than previously thought. Among
the subjects considered “double-jointed” (i.e., Beighton score !5), a phenotypic
subgroup consists in JHS/EDS-HT accordingly to Villefranche and/or Brighton
criteria. An accurate estimation of the JHS/EDS-HT prevalence at the different ages is
lacking, but indirect evidence suggests that JHS/EDS-HT is a relatively common
diagnosis. Hence, the numerical relevance of JHS/EDS-HTwithin the broader group of
joint hypermobility is growing. Pediatric disabilities aremore common in those children
who are affected by JHS/EDS-HT and also develop DCD.
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gJHM, the terms benign joint hyper-
mobility syndrome, JHS, hypermobility
syndrome and EDS-HT were used
presumably as synonyms, with the
exception of the work by Hunter et al.
[1998] in which patients with different
clinical subtypes of EDS were included.
Concerning the diagnosis of JHS/EDS-
HT (and synonyms) the application of
the Brighton and/or Villefranche cri-
teria were declared in two [Juul-Kris-
tensen et al., 2009; Castori et al., 2014],
presumed in one [Adib et al., 2005], and
not specified in two [Schubert-Hjal-
masson et al., 2012; Easton et al., 2014].
The three remaining papers consisted of
questionnaires sent to members of na-
tional patients’ associations related to
JHS and EDS; therefore, presumably,
the children were diagnosed with one of
these syndromes [Hunter et al., 1998;
Kirby et al., 2005; Kirby and Davies,
2007].

The spectrum of coordination
impairments in gJHM or JHS/EDS-
HTwas grouped under the term DCD
in six papers [Kirby et al., 2005; Kirby
and Davies, 2007; Morrison et al., 2013;
Jelsma et al., 2013; Castori et al., 2014;
Easton et al., 2014]. In the remaining
eight, neurodevelopmental attributes
were selectively investigated as follows:
two works collected historical data only
[Hunter et al., 1998; Abid et al., 2005];
two checked for developmental mile-
stones attainment, muscle tone and
power, and tendon reflexes [Benady
and Ivanans, 1978; Jaffe et al., 1988]; one
included a dedicated neurologic exami-
nation and the administration of specific
neuropsychologic tests [Davidovitch
et al., 1994]; two investigated gross
and fine motor competences with
specific performance tests [Tirosh
et al., 1991; Juul-Kristensen et al.,
2009]; one tested balance with the
Bruininks-Oseretsky test [Schubert-
Hjalmasson et al., 2012], and another
one with gait analysis [Falkerslev et al.,
2013].

The extreme heterogeneity in the
definition of the two partially over-
lapping clinical categories in Figure 1
hampers the possible generalization of
the data presented; however, the dyadic
combination of gJHM and DCD is

unlikely explained by selection biases or
indirect association between relatively
common phenomena. While pleiotropy
may still explain the coexistence of
different features affecting intercon-
nected systems within the same genetic
condition, actually, the existence of a
pathogenic link between gJHM and
DCD seems more reasonable in JHS/
EDS-HT.

Pathogenesis of DCD and Other
Developmental Disorders in gJHM
and JHS/EDS-HT

To date, deciphering the cause-effect
progression underlying the link between
gJHM and DCD is a difficult task. On a
clinical perspective, it is undoubtedly
more common to encounter “double-
jointed” toddlers who progressively
manifest features of DCD, than a child
requiring special education who devel-
ops gJHM subsequently to the diagnosis
of DCD. Hence, it is likely that gJHM
pre-exists the development of DCD in

most cases. As no more than 2/3 of
DCD patients also show gJHM [Jelsma
et al., 2013] and 55% only of JHS/EDS-
HT children meet the criteria for DCD
[Castori et al., 2014], ligamentous laxity
should be considered a possible predis-
posing trait for a selected subset of DCD
patients.

As many (or, perhaps, most) indi-
viduals with objective or historical
gJHM are thought to develop through-
out childhood without obvious signs of
DCD or learning deficits, it seems likely
that gJHM is not sufficient per se to
“cause” DCD. Hence, the link between
the two should be an intermediate, not
obligatory phenotype, which may be
represented by impaired proprioception
(Fig. 2). Defective kinesthesia is a
common feature in children with
DCD [Clark and Khattab, 2012]. This
evidence may relate to the existence of
different neuropsychological subtypes in
DCD [Vaivre-Douret et al., 2011],
which could result from distinct, but
phenotypically convergent neurophy-

Figure 2. Diagram of the possible pathogenic link between joint hypermobility and
developmental coordination disorder (DCD). Variability in joint motion (black curve)
and motor competence (gray curve) are represented as Gaussian curves. For both
continuous variables, frequencies are highest for a presumed middle value. On the right
side of these curves are individuals with the highest degree of joint mobility (e.g.
Beighton score!5!9–black curve) and the lowest degree ofmotor control (e.g. DCD –
gray curve). Accordingly to literature data and Figure 1, these two curves partially
overlap. The phenotypic (i.e. clinically recognizable) manifestation of DCD is intended
as a dichotomic feature with a presumed cut-off along the Gaussian curve of motor
competence. The cut-off dotted line also intersects the Gaussian curve for joint mobility.
The subset of “double-jointed” individuals who develop DCD are probably those who
also have a clinically relevant impairment of proprioception.
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