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Abstract: Ergophysiologic study due to physical stress management in young persons suffering from connective
tissue disorders on the basis of fibrillin’s genetic mutations or metabolic defaults is extremely poor referenced
to current medical literature. Fibrillin is a glycoprotein of 350kDa Molecular Weight composed by fibroblast of
the extracellular matrix, and represents the main component of microfibers which, in association with elastin
form connective tissue’s elastic fibers. Four different types of fibrillin with several hundreds of mutation are
described nowadays. The purpose of this study is to focus on the importance at ergophysiologic study before
sport’s activity initiation in young athletes since young athletes and their families are not aware of pathology’s
existence. Furthermore management of physical stress in these persons is of a high importance since
fibrillinopathies affect mostly cardiovascular and myoskeletal systems and to a lesser extend respiratory ocular
systems and skin. Practicing sports safely is significant in young patients with potentially disabling pathologies
and can avoid psychological handicaps and social marginalization.
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I. Introduction & Current Knowcedge
The terms of fibrillinopathy stands for description of any pathology associated with genetic and /or
metabolic disorder of fibrillin. This is a human glycoprotein of a 350 kDa molecular weight constructed by gene
located on the chromosome 15 of human’s genetic map. Construction is taking place on the extracellular matrix
by fibroblasts. Polymerization of the glycoprotein gives birth to microfibers which provide scaffold, a kind of
platform, for deposition of elastin in the construction process of elastic fibers in the connective tissue(1). Four
different types of fibrillin (FBN) are described (2,3,4,5). FBN1 is first isolated in 1986 by Engvall as the main
component of microfiber’s sheath(2). For the time being, more than 1500 different types of FBN1’s mutation
are known (6). FBN2 is first isolated in 1994 by Ζhang, and is considered to play an important role in primary
elastogenesis (3). FBN3 is isolated in 2004 mainly located in human’s cerebral tissue (4). Recently, the
presence of FBN4 came up to light, throughout experimental research in «zebra» fishes, an organism which is
characterized by a sing form gene consequence identical to humans. FBN4 is characterized by a sequential
structure similar to FBN1 (5). FBN’s various mutations play an important role in various human’s body
dysfunctions and stand on the origin of several connectivopathies. Puntiform mutations responsible for
aminoacidic conversions in the inner calcium–binding part of fibrillin, is the cornerstone regarding the
physiolpathologic mechanism of Marfan’s syndrome clinical expressions (7). In 1991, Dietz and co-workers
identified the first FBN1gene mutation in two clinical cases reported, suffering from Marfan’s syndrome (8).
Whilst FBN2 is responsible for elastic fibers junction during early embryogenesis, FBN1 mainly supplies the
necessary material for the formation of the structural scaffold in the majority of tissue and organs of the human
body. This is the reason why, various clinical expressions of fibrillinopathies are located in tissues of
mesodermal origin (9). Apart from genetic mutations fibrillin’s deficiency could result on the basic of metabolic
defaults such as homocysteinemia (antiphospholid syndrome) and homocystinuria. Both pathologies are the
result of increased levels of high-efficiency homocystein’s production, which leads to reduced number of
bisulfidic junctions in the inner part of FBN1, resulting to glycoproteins natural structure demolition. In fact,
patients with homocystinuria often present Marfan syndrome phenotype, characterized by ocular and
myoskeletal deformities (10).
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AIM OF THE STUDY
The purpose of this study is to enlighten and bring up to surface the important role of physical
exercise’s study and management in patients with connective tissue disorders due to fibrillinopathies despite the
very pour bibliographic recourses in current medical literature. Additionally, we effort to trigger further future
research and investigation in ergophysiologic field.
CLINICAL EXPRESIONS OF FIBRILINOPATHIES
Alterate production and disposal of fibrillin (FBN) is on the basic of a various number of connective
tissue pathologies involving cardiovascular, myoskeletal ocular, respiratory and skin lesions. In young athletes,
these kind of pathologies could result catastrophic, if not properly managed through ergophysiologic study and
specialists (pediatricians, sports medicine doctors and ergophysiologist) collaboration, to obtain a proper and
safe outcome during every day’s physical exercise.
CARDIOVASCULAR PATHOLOGY
The Mutation of FBN1 is clinically expressed with Marfan syndrome, characterized by cystic necrosis
of the aortic media layer, resulting to vessel dissection and/or aneurysm formation, preferably located in the
ascending aorta. This pathology is first described by the French pediatrician Dr. Antonio Marfan in 1986. The
genetic association of this syndrome with FBN1’s mutation was first described by Dietz et al. in 1991 (8).
The incidence of the pathology in the general population is 1/10000, and the percentage of FBN1’s
mutations rises up to 97% of the patients. (10) Gene mutation causes reduction of the total amount of FBN1
produced by fibroblast alterating fibrillin’s natural structural stability and finally, interfering with glycoprotein’s
transportation to extracellular space. Qualitative and quantitative reduction of FBN1 results to a serious
decrease of microfibers production and consequent weakness of elastic fibers with simultaneous activation of
growth factors (T4F-beta) resulting to Marfan syndrome’s clinical expression(11). Cardiovascular
complications are hazardous and consist to the main reason of sudden death of young athletes and children
practicing sports (12). Weakness of aortic connective tissue causes: a. mitral valve prolapse and insufficiency,
b. ascending aortic aneurysm rupture, and c. aortic dissection with hemorrhagic and ischemic complication.
Sudden death more often occurs after intense physical exercise (13). Early diagnosis associated with sport –
medicine ergophysiologic study and follow –up is of high importance in order to obtain optimal clinical results
for these patients in relation to their desires and habits in the daily way of living. Marfan's patients are
characteristically thin and tall, suitable for basketball or volley ball players. In these patients cardiovascular
complications occur during intense or moderate physical stress as a result of increased cardiac afterload and
high levels of systolic blood pressure. Every young athlete with this characteristic body–type should be
submitted to scrupulous - and not only routine - diagnostic tests including clinical and imaging examinations by
specialists (14). Mitral valve regurgitation without further abnormalities is also caused by a congenital
connective tissue disorder, known a MASS syndrome, with fibrillin dysfunction association.
MYOSKELETAL DISORDERS
FBN1’s mutations and metabolic defaults are on the basis of a large number of myoskeletal
dysfunction such a kyphosis, scoliosis, pectus excavatum and other deformities of thorax, face, upper arms and
limbs, resulting to excessive height and joint flexibility. Sixty percent of Marfan’s patients suffer from heave
scoliosis and often come across to the necessity of surgical repair (15). Under the same spectrum of
pathophysiology are induced clinical entities like Geleophysic dysplasia, Acromicric dysplasia and Marfan
lipodystrophy syndrome (MFLS). FBL1’s mutation also causes myoskeletal lesions with the form of a
Pathology known as Beals syndrome (also known as congenital contractural arachnodactyly –CCA), a term that
refers to joints contractures (shortening), that are the key features of the syndrome (16). Mutation of the genes
that help build connective tissue (FBN2) cause characteristic myoskeletal deformities, like long slender fingers
and toes, long-narrow body-type, scoliosis backward or lateral curved spine at birth or early childhood, chest
sinks or sticks out (pectus excavatum), reduced bone mass facial deformities (unusually small joints, and for
high-arched palate), and crumple appearance at the top of the ear (9). Beals syndrome arose as a clinical entity
different from Marfan after the discovery of FBN2’s gene, which is an adjacent to FBN1 gene causing Marfan
syndrome (9, 16, 17). Characteristic differences between Beals and Marfan syndrome are: a) Beals syndrome
does not affect the eyes, and b) Different body joints behavior. Other bone and joint deformities are expressions
of various FBN1’s mutations expressed with different clinical forms like Weill-Marchesani syndrome (17, 18).
In 1994, Hadley et al. noticed remarkable disorganization of connective tissues, elastic fibers, throughout
immunochemistry methods. Seems that the role of fibrillin is of great importance in joint’s functionality,
although that collagen fiber occupies the largest amount of joint’s tissual structure (19) Elastin fibers represent
1-2% joint dry mass. Nevertheless these fibers play an important role in structural and mechanic of the joint. In
fact, they are responsible for joint’s ability to return in natural primary state after every deformation submitted
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because of physical stress, throughout elastic recoil (20). FBN’s genemutation are expressed with abnormal
joint flexibility, which is also a characteristic of Marfan patients (21). Recently, Khouryl et al., for the first time
in 2012 proved that FBN2’s gene mutation is responsible for Achilles tendon pathology. The study recommends
that this genetic default should be considered a risk factor for joint pathologies (22).
RESPIRATORY LESIONS
Pathology of the Respiratory system is characterized by a significant decrease of aerobic ability,
throughout increase of both, total and residual lung volume (23). Especially in FBN1 related pathologies
(Marfan syndrome etc.) a respiratory collapse predisposal is often observed. Respiratory lesions are also related
to myoskeletal deformities, and are not sensitive to beta-blockers administration (24). Pneumothorax and
respiratory distress is present in 4-11% of the cases, as a lung-peak emphysema complication (25).
OCCULAR LESIONS
Lense ectopia, spherophakia, myopia and glaucoma often occur in connective tissue disorders like Marfan and
Weill-Marchesani syndrome, because of ocular joints defaults on the basis of FBN1's gene mutation (26).
SKIN LESIONS
Fibrillin is seriously implicated in skin structure and pathology. Early ageing is a pathological
procedure related to long-term solar exposition, as well as, to a FBN1's gene mutation. In 1991 Watson et al.
published a study based on biopsy findings, referring a serious decrease of fibrillin's-rich microfibers in skin
lesions of the elbow after irradiation treatment (27).
Currently, fibrillin is considered one of the most important components of antiaging cosmetics.
Patients with congenital fibrillinopathies often present skin lesions like thick, rigid skin and lipodystrophy with
muscle weakness, factors that can seriously affect the capacity of physical exercise. These clinical signs are
typically present in Rigid Skin Syndrome, a genetic disease related to FBN1's gene mutation, and represent a
dominant autosomal type of scleroderma (28).

II. Ergophysiologic Study And Management Of Physical Stress
Beneficial effects of physical exercise is a well-established knowledge, first introduced by ancient
Greeks ("νουςυγιήςενσώματιυγιεί"= a healthy mind in a healthy body). Kind and intense of physical exercise
have several variations according to individual characteristics of each person who practices it. Ergophysiologic
study and management of patients with pathologic anamnesis represents the most important step in order to
obtain safest outcome in everyday sport practicing and avoid catastrophic complications in persons of any age.
Weakness in connective tissue's structure resulting by fibrillin's disorders has serious side-effects in all systems
and organs of the human body who submit to excessive stress during everyday physical activity (p.e.
cardiovascular and myoskeletal systems). In these last ones, fibrillinopathies could provoke hazardous
complications, even in cases of moderate or mild physical activity.(29) Optimal precaution with
ergophysiologic study and management is necessary for children, teenagers and young adolescents who wish to
practice sports on the basis of an everyday hobby, or in a competitive manner. Study and management should be
done by specialists (ergophysiologist, pediatrician, and sport medicine doctors) in accordance with social
establishments and sport clubs. It is worth-mentioning that often, early and even primary diagnosis of
connective tissue disorders unknown to patient and his family environment up this time, is taking place after
ergophysiologic study by specialists, previous to physical exercise initiation at school, or at a sport’s club. The
team of the specialists should include an ergophysiologist, a pediatrician, and a medicine doctor, who shall
focus clinical investigation towards cardiorespiratory function (through ECG, spirometry, etc.) in order to
accomplish optimal safety limits regarding aerobic metabolism, muscular strength and physical reserves of the
athlete, sport's suitability with regard to athletes pathology, and optimal dosage of intensity and duration of
physical stress individually adapted to each certain pathology (30). Right choice of sport is of maximum
importance, but prohibition to exercise stands for a bad option. Young persons can easily present psychological
handicaps, such as sense of inferiority, stress and depression in front of friends and people of the same age,
which can lead to constant sorrow and social marginalization, because of inability of sport practicing.
Mild physical activity and restricted participation is recommended regarding sports associated with
violent and intense physical contact like soccer, basketball, or wrestling, in patients with fibrillinopathies only
in the absence of aortic root dilatation. Participation in competitive sports, with restricted activity of the patient
having mild to moderate intense of physical exercise, can be allowed in case of absence of sudden death in
family history, and only in concomitance with mitral valve regurgitation and aortic root dilatation absence. On
the contrary, patients with aortic dilatation could participate exclusively in competitive sports of poor intensity
physical stress, like snooker, bowling and golf (31). Young athletes suffering from severe mitral valve
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insufficiency, aortic aneurysm and /or dissection, is prohibited to participate in competitive sports like tae-kwodo, rugby or basketball. Participation in team-competitive sports should also be avoided in case of danger
installed by the "mechanic" characteristics of the physical exercise (maneuvers to change direction to goal,
abrupt and violent physical contact, etc.) Adaptation of the intensity of practice is obligatory, individualizing the
risk factors in each clinical case. BPM should be controlled (less than 100/min) especially in patients receiving
pharmaceutical treatment with beta-blockers (30). Exercise of often and small duration is suggested as an
optimal approach (3 times/week/10'). Subdiving and parachute skyfall is prohibited because of abrupt changes
of atmospheric pressure which can easily to pneumothorax and respiratory distress syndrome installation.
Weightlifting is also prohibited due to excessive myoskeletal stress and danger of bone fractures and serious
joint damages (21,22,33). Students suffering from Marfan syndrome with concomitant cardiovascular lesions
should not practice competitive sports demanding even mild physical stress, although this is an issue not always
well-accepted by kids and teenagers who strongly wish to practice sports everyday (30).

III. Discussion
Fibrillin's genetic or metabolic disorders result to serious connective tissue's pathologic conditions,
often with catastrophic complications (9). Cardiovascular and myoskeletal systems are those who undergo to
major physical stress in patient's every-day life, the vast majority of which are children, teenagers, and young
adolescents. Intense physical exercise and sport practicing represent the triggering factor in inducing lethal
cardiovascular complications and serious myoskeletal lesions.
Marfan Syndrome is inherited as an autosomal dominant trait with a prevalence of 0,5-1/5000.(10)This
represents approximately 3% of exercise-related Sudden Cardiac Death (SCD) in young athletes and children
practicing sports. Cystic medial necrosis in aorta's tunica media (Marfan’s degenerative outcome) results in
aortic dilatation, dissection, or rupture, which may be expedited by the increases in blood pressure associated
with exercise. These young persons should be prohibited from isometric or isotonic exercise of moderate to
high intensity. Individuals with an enlarged aortic root (> 40 mm)should receive a beta-blocker in order to
retard vessel's dilatation. Mitral Valve Prolapse (MVP) affects 3-5% of the general population, however, less
than 100 cases of SCD have been reported in which MVP was the only pathology identified in autopsy, and
only 3 occurred during physical exercise. In general, young athletes suffering from MVP are allowed to
continue to compete, but this is precluded when MVP is associated with moderate to severe valve regurgitation
and Marfan syndrome. (Table 1)(12,31,32,34,35)
The incidence of SCD in relation to predisposing pathology (such as Marfan syndrome) in young
athletes are extremely low (1/10000 - 1/200000 athletes). This, in practical terms means that only young athletes
with symptoms or signs of fibrillinopathy (Marfan syndrome) and/or MVP should undergo routine maximal
exercise testing when they participatein sports training programs. However, once symptoms suggestive of
cardiovascular disease are present in young athletes, further investigation is mandatory by qualified specialists.
(36,37)
The introduction of a pre-participation screening program in risk groups such as young athletes with
Marfan phenotype with clinical and imaging exams certainly will facilitate the detection of asymptomatic young
patients suffering from fibrillinopathies. Nevertheless, considering the organizational and financial aspects, as
well as the high number of false-positive results, the cost-effectiveness of such an approach is under debate,
especially in countries like Greece, where fiscal public deficit and economic recession lately resulted in "linear
cuts" across the board on all public health disciplines. This means that the implementation of such screening
program should be thoroughly debated by all interested parties (including professional sports associations,
health care providers and insurance companies). (37, 38)
Marfan Syndrome has an estimated incidence of 0,5-1/5000 young athletes (more commonly in those
with characteristic phenotype, or positive family history)(10). Echocardiography can be used to measure and
monitor the degree of aortic root dilatation. The risk for aortic rupture is usually linked to marked enlargement
of the vessel (transverse dimension greater than 50 mm). However, dissection can also occur with a normal (or
close to normal)aortic root dimension. Weightlifting has been specifically associated with aortic dissection in
young athletes (33). The incidence of this catastrophic lesion appears to decrease with early prophylactic
surgical aortic reconstruction and beta-blocker therapy. Young Marfan patients can participate in low and
moderate static/low dynamic competitive sports in the absence of aortic root dilatation combined with the
additionally absence of moderate to severe mitral regurgitation, or family history of dissection, or SCD in a
Marfan relative. It is recommended however, that these young patients should undergo to aortic root
echocardiographic measurement every six months, for close surveillance of aortic enlargement. Nowadays, two
types of recommendations (Figure 1. Tables 2) are proposed, each one propagated by American and European
countries (39, 40, 41),
The cost-effectiveness of such a pre-participation screening program in young athletes (including 12lead ECG) has been recently evaluated by Wheeler et al. calculating a price of 100.000 USD per one life-year
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saved (42). Currently available studies demonstrated that, although the positive effect of the pre-participation
screening, this last one is characterized by important limitations such as inaccurate data collection, ambiguous
subject definition, temporarily limited pre-screening period ( in which the influence of a seasonal variation of
SCD incidence is not properly evaluated ), and eventually a mortality bias (false positive impact of a screening
program linked to the natural variation of SCD incidence within the pre-screening period ). (38,43,44,46)
Prohibition of sport practicing in young persons could induce psychological handicaps and social
marginalization because of sense of inferiority towards persons of the same age in their own community. Sport
practicing for these young patients is important, but, should take place under careful selection and observation
by specialists. According to Shank’s classification (Figure 2) the sport participants is divided in tow groups as
organized and not. (46) Participants with fibrillinopathies related to connective tissue disorders should be
considered for organized controlled sport activities in amateur level exclusively. It is mandatory that the certain
sport and physical activity had to be adapted to the kind of lesion in relation to which the young patient is able
to safely practice, although this is not always in accordance with young patient's wish. (31). In case of serious
vascular lesions and potentially lethal cardiovascular dysfunction it is obvious that the patient cannot participate
in team sports with life threating physical activity (soccer, rugby, wrestling, basketball etc.). Especially for
patients with aortic lesions, they are only allowed to participate in low intense sports that demand mild physical
stress equivalent to Class IA sports (snooker, bowling, golf etc.) according. to Mitchell's classification (Figure
3). (31,47,48). If respiratory lesions are implicated, it is strongly recommended avoidance of abrupt changes of
atmospheric pressure (subdiving, parachute skyfalletc.), due to extreme danger of pneumothorax and respiratory
distress syndrome installation. Weightlifting is also to avoid in young athletes with myoskeletal expressions of
fibrillinopathies because of increased danger of bone fractures and tendon ruptures (30). It is important to
mention that very often, early and primary diagnosis of connective tissue disorders is established during
ergophysiologic study of the young athletes, by specialists, before initiation of any kind of sport activity. This is
extremely beneficial for the patient, and his family, since awareness of such pathologies associated with
everyday sport practicing by the patient could lead to sudden death, or permanent disabling complications
(neurological, myoskeletal deficits, etc.). The incidence of sudden cardiac death (SCD) on the playing field is
0.61 in 100,000(49). Much attention should be paid to young athletes with Marfan's syndrome (the most
common type of fibrillinopathy), if they not already scrupulously examined by specialists. These persons are
characterized by thin, tall, and flexible phenotype. Ergophysiologic study in association with clinical
investigation and physical stress management should focus on avoidance of any condition which induces
increased cardiac afterload and high levels of systolic blood pressure.

IV. Summary
Recent research data showed that routine cardiovascular screening in young athletes is not supported
by the modern healthcare systems around the world as long as it is associated with high costs while the rate of
sudden death or other benefits remains low. Despite that, sudden death of a young person while practicing
physical activity is a hazardous situation with important social and legal side effects. On the other hand, in some
subgroups of young athletes, especially those who suffer from fibrillinopathies and connective tissue disorders,
ergophysiologic study and physical stress management is of primary importance for these persons who wish to
practice sports in a competitive, or not, way. Early diagnosis of basic disease is often primary posted during
routine tests by specialists before young persons initiate to practice sports. Management of physical stress
activities is also made by a team of specialists (ergophysiologist, pediatricians and sports physicians), and can
offer for these young patients, safety in sport practicing by scheduling their everyday physical activity in
accordance to their limitations, but also to their wishes and social necessities, in order not to evolve
psychological handicaps through sense of inferiority, with severe consequences to themselves and their families
too. Future research and investigation should be done regarding ergophysiology of fibrillinopathies, in order to
minimize the danger of sudden death in young athletes, which is still present.
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TABLES & FIGURES
Table 1: Recommendations for participation in competitive sports in athletes with potential causes of sudden
cardiac death (31, 34, 35)

Abbreviations: ARVC = arrhythmogenic right ventricular cardiomyopathy; BrS = Brugada syndrome; CCAA =
congenital coronary artery anomalies; CPVT = cathecholaminergic polymorphic ventricular tachycardia; ECG
= electrocardiogram; HCM = hypertrophic cardiomyopathy; LQTS = long QT syndrome; LV = left
ventricular; WPW = Wolff-Parkinson-White syndrome
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Table 2:Recommended assessment for all participants at the beginning of competitive activities until 35 years
of age (39,40)

Medical
history

Recommended ESC & IOC Αssessment

Personal
History:

Have you ever fainted or passed out when exercising? Do you ever have chest tightness?
Does running ever cause chest tightness? Have you ever had chest tightness, cough, or
wheezing that made it difficult for you to perform sports? Have you ever been
treated/hospitalized for asthma? Have you ever had a seizure? Have you ever been told that
you have epilepsy? Have you ever been told to give up sports because of health problems?
Have you ever been told that you have high blood pressure? Have you ever been told that
you have high cholesterol? Do you have trouble breathing or do you cough during or after
activity? Have you ever been dizzy during or after exercise? Have you ever had chest pain
during or after exercise? Do you have or have you ever had racing of your heart or skipped
heartbeats? Do you get tired more quickly than your friends during exercise? Have you ever
been told that you have a heart murmur? Have you ever been told that you have a heart
arrhythmia? Do you have any other history of heart problems? Have you had a severe viral
infection (e.g., myocarditis or mononucleosis) within the last month? Have you ever been
told that you had rheumatic fever? Do you have any allergies? Are you taking any
medications at the present time? Have you routinely taken any medication in the past 2
years?

Family
history:

Has anyone in your family with less than 50 years of age: Died suddenly and unexpectedly?
Been treated for recurrent fainting? Had unexplained seizure problems? Had unexplained
drowning while swimming? Had unexplained car accident? Had heart transplantation? Had
pacemaker or defibrillator implanted? Been treated for irregular heart beat? Had heart
surgery? Has anyone in your family experienced sudden infant death (cot death)? Has
anyone in your family been told they have Marfan syndrome?

Physical
examination:

General : Radial and femoral pulses, Marfan stigmata
Cardiac auscultation: Rate/rhythm, Murmur: systolic/diastolic, Systolic click, Blood
pressure
Diagnostic tests: 12-lead resting ECG (after the onset of puberty)From the ESC and the IOC
Meeting on Sudden Cardiovascular Death in Sport, Lausanne, Switzerland, December 9 to
10, 2004; Lausanne recommendations adopted.
ESC: European Society of Cardiology/ IOC: International Olympic Committee / ECG:
Electrocardiography
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Figure 1: The 12-Element AHA Recommendations for Pre-participation Cardiovascular Screening of
Competitive Athlete (41)
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Figure 2:Shank’s classification of sports participants (46)
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Figure 3:Mitchell's classification of sports based on peak static and dynamic components achieved during
competition (47) modified with permission by Stephen G. Rice and the Council on Sports Medicine and Fitness
(48)
Alexia Gavriilidou et al.: Management of physical stress in young athletes suffering from connective
tissue disorders induced by fibrillinopathies: The importance of ergophysiology.” IOSR Journal of
Sports and Physical Education (IOSR-JSPE) , vol. 4, no. 5, 2017, pp. 16-26.
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