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Marfan syndrome is causedbymutations in the fibrillin-1 gene (FBN1).Themost important features affect the cardiovascular system,
eyes, and skeleton.The aimof this studywas to report themost frequentmusculoskeletal alterations observed in 146 patients affected
byMarfan syndrome. Fifty-four patients (37%) underwent cardiac surgery and 11 of them received emergent surgery for acute aortic
dissection. Ectopia lentis was found in 68 patients (47%) whereasmyopia above 3D occurred in 46 patients (32%). Musculoskeletal
anomalies were observed in all patients with Marfan syndrome. In 88 patients (60.2%), the associated “wrist and thumb sign” was
present; in 58 patients (39.7%), pectus carinatumdeformity; in 44 patients (30.1%), pectus excavatum; in 49 patients (33.5%), severe
flatfoot; in 31 patients (21.2%), hindfoot deformity; in 54 patients (36.9%), reduced US/LS ratio or increased arm span-height ratio;
in 37 patients (25.3%), scoliosis or thoracolumbar kyphosis; in 22 patients (15%), reduced elbow extension (170∘ or less). Acetabular
protrusion was ascertained on radiographs in 27 patients (18.4%). Orthopaedic aspects of the disease are very important for an
early diagnosis; however, we have not observed definite correlations between the extent of orthopaedic involvement and aortic
complications.

1. Introduction

Marfan syndrome (MFS) is a variable autosomal dominant
disorder of the connective tissue caused by mutations in the
fibrillin-1 gene on chromosome 15 encoding themicrofibrillar
protein fibrillin-1 [1].

This disease of connective tissue occurs worldwide and
affects both sexes equally. Its prevalence has been estimated
at 2-3 persons per 10,000 [2]. About 25%–30% of the cases
of Marfan syndrome represent sporadic mutations. The
phenotypic features of Marfan syndrome are tall stature,
arachnodactyly, disproportionately long and thin limbs, skin
striae, and joint laxity. The disease involves several body
systems but the most important features affect the car-
diovascular system, eyes, and skeleton. The diagnosis of
Marfan syndrome is defined by the Ghent criteria [3]. In
2010, Loeys et al. [4] published revised Ghent criteria for
the Marfan syndrome. A comparative analysis on different
retrospective data sets has shown about 90% correlation

between the original and revised Ghent criteria. For the
diagnosis of Marfan syndrome, it is often necessary to
have collaboration among ophthalmologists, paediatricians,
cardiologists, cardiac surgeons, orthopaedic surgeons, and
geneticists. With regard to the orthopaedic features in the
new Ghent criteria of 2010, much importance, compared to
the oldGhent nosology of 1996, is given to the combinedwrist
and thumb sign, acetabular protrusion, hindfoot deformity,
and pectus carinatum. Inability to detect a mutation in
FBN1 or a molecular abnormality in fibrillin-1 does not
exclude the diagnosis of Marfan syndrome in a person who
meets the clinical criteria. In effect, mutation in fibrillin-1
on chromosome 15 is detected in 66%–91% of cases [5]. The
more severe clinical features of this disorder are represented
by the aortic root aneurysm and ectopia lentis. However,
musculoskeletal involvement in Marfan syndrome, even if
less drastic, is often more evident than other pathological
features and for this reason the orthopaedic aspects of the
disease are fundamental for a suspicious diagnosis of this
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pathological condition. In fact, in the first reported case,
Antoine-BernardMarfan described 5-year-old Gabrielle with
skeletal manifestations of the disease [6].

The most important musculoskeletal abnormalities in
patients with Marfan syndrome are “wrist sign,” “thumb
sign,” pectus carinatum deformity, pectus excavatum or chest
asymmetry, hindfoot deformity, severe flatfoot, dural ectasia,
protrusio acetabuli, reduced upper segment/lower segment
(US/LS) and increased arm span-height ratio, scoliosis,
kyphosis, and reduced elbow extension.

Medial protrusion of the femoral head (protrusio acetab-
uli) is common in Marfan syndrome [7, 8]. Prolonged
acetabular protrusion may result in secondary osteoarthritic
changes in the hip joint [8, 9].

Dural ectasia is an enlargement of the outer layer of the
meningeal sac. It is very common inMarfan syndrome [10, 11]
and it is a specific major criterion in the Ghent diagnostic
classification [3]. In the majority of cases, dural ectasia is
not associated with back pain but the pathological condition
may be discovered by CT and/or MRI of the spine [12].
However, CT or MRI of the spine was not performed during
our screening due to the high cost of the exam and we
evaluated this data only in the few cases who had practiced
MRI independently.

In the present paper, we report the orthopaedic aspects
of 146 patients affected by Marfan syndrome examined at the
Marfan Presidium of the Tor Vergata University Hospital of
Rome (Italy) which is a referral center for the diagnosis of rare
diseases.

2. Materials and Methods

In the last five years, 500 patients were screened at theMarfan
Presidium of the Tor Vergata University Hospital of Rome
(Italy). In 60 patients, the diagnosis ofMFSwas already made
before our screening but they had chosen to be followed up at
our presidium which is a referral center for the diagnosis of
rare diseases.Theother patients whowere not diagnosedwith
MFS yet came to our center for suspected MFS as referred by
their family doctor, paediatrician, or cardiologist or by a self-
made diagnosis based on Internet readings.

The diagnosis of Marfan syndrome until 2010 has been
made according to the Ghent criteria [3] and subsequently
according to the revised Ghent criteria [4]. The diagnosis of
Marfan syndrome has been made using a multidisciplinary
approach. All patients were evaluated by a team that included
a cardiac surgeon, a cardiologist, an orthopaedic surgeon,
an ophthalmologist, an odontologist, and a paediatrician.
Paediatric counselling was given only in patients under 14
years of age. All the patients received genetic counselling but
genetic sampling was performed only in case of uncertain
diagnosiswhile it was avoidedwhen the clinical diagnosiswas
striking or already made previously due to the high cost of
the test. Standing AP and LL X-rays of the spine, including
the hips to evaluate the depth of the acetabulum, were done
in all patients. Protrusio acetabuli is clinically characterized
by hip joint stiffness and pain. An important radiographic
finding is represented by an increased center-edge angle of

Wiberg [13]. A vertical line drawn through the center of
the femoral head and a line from the femoral head and the
center to the upper outer margin of the acetabulum form
the center-edge angle of Wiberg. A center-edge angle of 20∘–
40∘ is considered normal for adults and an angle over 40∘
indicates acetabular protrusion. Orthopaedic examination
was performed to look for the typical skeletal manifestations
of the Marfan syndrome. Particular attention was paid to
discover the presence of “wrist sign” [14] and “thumb sign”
[15], pectus carinatum deformity, pectus excavatum or chest
asymmetry, hindfoot valgus in combination with forefoot
abduction and lowering of the midfoot, acetabular protru-
sion, reduced upper segment to lower segment (US/LS) ratio
(for white adults < 0.85) and increased arm span-to-height
ratio (for adults > 1.05), scoliosis or thoracolumbar kyphosis,
and reduced elbow extension.

The “thumb sign” is positivewhen the thumb extendswell
beyond the ulnar border of the hand when overlapped by the
fingers. The “wrist sign” is positive when the thumb overlaps
the fifth finger when grasping the contralateral wrist. Elbow
extension is considered reduced if the angle between the arm
and forearm measures 170∘ or less upon full elbow extension.

MRI of the lumbosacral spine was evaluated to detect
the presence of dural ectasia, which represents one of the
major diagnostic criteria for the Marfan syndrome, only in
the patients who had practiced this exam independently since
CT or MRI of the lumbosacral spine was not included in our
protocol.

3. Results

Marfan syndrome was confirmed in 146 patients (29.2%,
76 females and 70 males). At first, 28 patients (19%), ≤
14 years old, were observed; 18 (12%) were 15–19 years
old; 64 (44%) were 20–40 years old; and 36 (25%) were
>40 years old. In all 354 patients who were not affected
by MFS, skeletal abnormalities were more or less present,
and therefore they continued to be followed up in our
department of orthopaedics only for such problems. In 225
patients, deformities of the chest and/or of the spine were
predominantly present, while in 129 patients deformities of
the upper or lower limbs were predominantly present. In
86 patients (59%), the diagnosis of Marfan syndrome was
made at Marfan Presidium of the Tor Vergata University
Hospital in Rome. In 60 patients (41%), the diagnosis of
Marfan syndrome had already been done in another hospital.
In the 86 patientswhowere diagnosedwithMarfan syndrome
at our presidium, 38 patients were diagnosed according to the
Ghent criteria [3]. 43 patients were diagnosed with Marfan
syndrome according to the revised Ghent criteria [4]. In
5 patients, observed between 2008 and 2010 and suspected
to be affected by Marfan syndrome, the final diagnosis was
confirmed according to the revised Ghent criteria [4]. In
89 patients (61%), family history for Marfan syndrome was
positive.

In 75 patients (51%), the geneticist decided to conduct
genetic sampling; however, we only have the final results of
the molecular test for FBN1 mutation in 31 patients. 30 of
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Figure 1: A twenty-year-old female affected by Marfan syndrome with an associated wrist and thumb sign. The “wrist sign” is positive when
the thumb overlaps the fifth finger when grasping the contralateral wrist. The “thumb sign” is positive when the thumb extends well beyond
the ulnar border of the hand when overlapped by the fingers.

these patients showed fibrillin-1 mutation. Surprisingly, the
only patient who did not show a fibrillin-1 mutation suffered
from a dissecting aneurysm of the aorta. No genes other than
FBN1 were tested.

Fifty-four patients (37%) have had cardiac surgery on
the aortic root or on the mitral valve or had combined
surgery. Twenty-eight patients (52%) were operated on at
our hospital whereas 26 patients had had surgery before
our screening. In general, 11 of the 54 patients operated on
received emergent surgery for acute aortic dissection. All
patients who underwent cardiac surgery presented obvious
skeletal deformities. Such deformities, however, were present,
more or less, also in the 92 patients who did not have cardiac
surgery and therefore we did not observe a secure statistical
correlation between the extent of orthopaedic involvement
and aortic complications.

Sixty-eight patients (47%) had ectopia lentis that was
classified as subluxated in 39 cases and luxated in 29 cases.
Myopia above 3D occurred in 46 patients (32%).

Skeletal anomalies were observed in all 146 patients with
Marfan syndrome.

In 88 patients (60.2%), the associated wrist and thumb
sign (Figure 1) was present; the isolated wrist or thumb
sign was present in 6 patients (4.1%); pectus carinatum
deformity was present in 58 patients (39.7%) and pectus
excavatum or chest asymmetry was observed in 44 patients
(Figure 2); hindfoot deformity was present in 31 patients
(21.2%) (Figure 3); and severe flatfoot was present in 49
patients (33.5%).

Acetabular protrusion was ascertained on radiographs
in 27 patients (28.4%) (Figure 4), measuring the center-
edge angle of Wiberg. All of these patients had hip pain
and a limited rotation and abduction of the hip joint. In
most patients, these symptoms were not severe, but in three
cases we observed clinical and radiographic signs of severe
osteoarthritis. In the remaining 119 patients (81.6%) with

Figure 2: Severe pectus excavatum in a 29-year-old man affected by
Marfan syndrome. The patient did not complain of any respiratory
problem.

MFS, the radiographs of the pelvis did not show acetabular
protrusion.

Reduced upper segment to lower segment (US/LS) ratio
or increased arm span-to-height ratio was present in 54
patients (36,9%). At standing AP and LL X-rays of the spine,
scoliosis> 20∘ or thoracolumbar kyphosis,measured byCobb
method, was observed in 37 patients (25.3%). Reduced elbow
extension (170∘ or less) was measured in 22 patients (15%)
(Figure 5). In 3 patients (2%), MRI of the lumbar spine
showed dural ectasia. None of these patients had back pain
or headaches or presented neurologic deficits.

In our research, the diagnosis of Marfan syndrome was
made in 28 children under 14 years of age. The average age at
diagnosis was 10.2 years (range: 4 y 10m–13 y 10m). In all of
these children, we observed skeletal anomalies. In 18 children
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Figure 3: Hindfoot deformity with a marked valgus heel in a 23-year-old man affected by Marfan syndrome.

Figure 4: AP X-ray of the pelvis detects acetabular protrusion in
a 36-year-old patient affected by Marfan syndrome. The patient
complained of hip pain and clinical examination showed a restricted
range of motion of the hips.

Figure 5: Twenty-five-year-old man affected by Marfan syndrome
with scoliosis (>20∘) in addition to dorsal skin striae and reduced
elbow extension (<170∘).

(64.2%), the associated wrist and thumb sign was present;
the isolated wrist or thumb sign was observed in only 1 child
(3.5%); pectus carinatum deformity was present in 9 children
(32.1%); pectus excavatum or chest asymmetry was observed
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Figure 6: The histogram shows the prevalence of skeletal deformi-
ties in 146 patients affected byMarfan syndrome before and after the
end of skeletal growth.

in 8 children (28.5%); hindfoot deformity was present in
13 children (46.4%); severe flatfoot was observed in 17
children (60.7%). Acetabular protrusion was ascertained on
radiographs in 4 children (14.2%); reduced upper segment to
lower segment (US/LS) ratio and/or increased arm span-to-
height ratio was observed in 11 children (39.2%). At standing
AP and LL X-rays of the spine, scoliosis > 20∘, measured by
Cobb method, or thoracolumbar kyphosis was observed in 5
children (17.8%). Reduced elbow extension (170∘ or less) was
measured in 3 children (10.7%). No children had MRI of the
lumbar spine to diagnose dural ectasia.

As summarized in the histogram (Figure 6) that shows
skeletal deformities in our cohort of patients, the deformities
of the limbs are prevalent in children.
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4. Discussion

Marfan syndrome is a variable autosomal dominant disease
caused by mutations in the fibrillin-1 gene on chromosome
15 [1, 5]. Although the pathogenesis of this syndrome is
correlated to a defective gene, the diagnosis is based on clin-
ical criteria and on family history. Since 1996, the diagnosis
of Marfan syndrome has been made using Ghent criteria
[3] and, more recently, by revised Ghent criteria [4]. In
spite of the classic or revised Ghent criteria, diagnosis of
Marfan syndrome remains complex but an early diagnosis
is fundamental to identify patients at risk for acute aortic
events and to improve the prognosis and lifestyle of these
patients. Marfan syndrome, in fact, is known to be one
of the highest risk conditions for aortic dissection and, as
mentioned in the revisedGhent criteria [4], “it is important to
avoid misdiagnosis for the important life restrictions that this
syndrome imposes included of course sport restriction and
the consequent psychosocial stigmatization in young people.”

Chest wall deformity was present in the majority of cases
(102 patients). Some authors [9, 16–18] observed that pectus
deformity may further compromise respiratory function.
However, in our research, no patient with pectus excavatum
had any respiratory dysfunction.

In accordancewith other authors [7, 8], we oftenobserved
protrusio acetabuli in patients with Marfan syndrome.
According to some authors, patients affected by acetabular
protrusion [19] are asymptomatic until hip osteoarthritis
develops. Our research supports others [9, 20], because all
patients with protrusio acetabuli had mild or moderate hip
pain and restricted range of motion. Severe arthritis of the
hip was present in only three cases. However, in our research,
only 25% of patients were above 40 years of age and so we
cannot rule out the notion that osteoarthritis of the hip can
develop with age.

Dural ectasia has been observed in 56%–65% of patients
with Marfan syndrome [11]. We discovered dural ectasia in
only 3 patients (2%). However, we evaluated MRI of the
lumbosacral spine only in the few cases who had practiced
this exam independently since CT orMRI of the lumbosacral
spine was not included in our protocol. The MRI of the
lumbosacral spine is currently more and more often used to
detect dural ectasia, representing one of the major diagnostic
criteria for Marfan syndrome [3, 4].

Scoliosis is a frequent manifestation of Marfan syndrome
and may progress rapidly during growth spurts leading to
marked deformity [21]. Joseph et al. [20] in a series of patients
with definite Marfan syndrome reported an incidence of sco-
liosis of 100%. Many authors, however, report that scoliosis
affects about 60% of patients with Marfan syndrome [21, 22]
although in many cases the severity of the scoliotic curves is
not reported.We observed scoliosis in about 25% of cases but
we considered only curves > 20∘ measured by Cobb method.

Skeletal abnormalities are fundamental for the diagnosis
of this syndrome, although they do not cause sudden or
premature death. Musculoskeletal tissues are some of the
most obviously involved tissues in Marfan syndrome but
these manifestations are often age dependent. Some muscu-
loskeletal abnormalities, in fact, are absent or less evident

during the skeletal growth and we agree with Dean [5] and
with Coron et al. [23] that the Ghent criteria are unreliable
for children. In fact, as described in the revised Ghent criteria
[4], clinical decision can be difficult in children.

In 2013, Mueller et al. [24] published a diagnostic tool
for risk stratification of suspected paediatric patients with
Marfan syndrome. However, this kid-short Marfan score
(Kid-SMS9), as commented on in the authors’ conclusion, is
“an additional tool for general paediatricians and paediatric
cardiologists without expansive or age limited investigation.”

In our research,Marfan syndromewas initially diagnosed
in only 28 patients (19%) under 14 years of age; this data
confirmed that the diagnosis of Marfan syndrome is difficult
in children.

Musculoskeletal anomalies were observed in all 146
patients with Marfan syndrome. The more frequent encoun-
tered abnormalities were associated wrist and thumb sign
(60.2%); pectus carinatum deformity (39.7%); pectus exca-
vatum or chest asymmetry (30.1%); flatfoot (33.5%), and
reduced upper segment to lower segment (US/LS) ratio or
increased arm span-to-height ratio (36.9%).

The patients surgically treated for aortic complications
were affected by skeletal deformities. Such deformities, how-
ever, were present also in patients who did not undergo
cardiac surgery and we did not observe a secure statistical
correlation between the extent of orthopaedic involvement
and aortic complications.

In the 28 children examined, the associated “wrist and
thumb sign” represented the more frequent skeletal abnor-
mality, similar to adults. On the contrary, we observed a
greater frequency of hindfoot deformity (46.4%) and of
severe flatfoot (60.7%) compared to the same deformities
observed in patients at the end of skeletal growth.

Although the presence of single skeletal features is less
important than the combination of skeletal features for
the diagnosis of Marfan syndrome, based on our research,
the aforementioned musculoskeletal deformities are very
significant for the diagnosis of Marfan syndrome.

We could speculate that the clinical signs in the upper
and lower limb extremities, above all hands and feet, appear
first in Marfan syndrome because the rate of growth of limbs
is not constant and varies with age. In fact, growth is much
quicker during early childhood and, in particular, it is much
more rapid in the distal segments than in the proximal bones.
On the contrary, the growth plates are influenced by the
action of sex hormones that slow down the growth of long
bones, while they stimulate vertebral cartilage and pelvis, so
that the arrest of the growth of the limbs corresponds to
considerable increased growth of the trunk that continues for
a few years after the pubertal crisis [25–27]. In conclusion,
in agreement with the current literature, our results seem to
confirm that the diagnosis of MFS is difficult in children or in
teenagers, but the association with family history and ocular
findings is very helpful for the diagnosis of this syndrome.
Moreover, according to our data, a good examination of the
limbs is very important for an early diagnosis of Marfan
syndrome in young patients because the typical deformities of
the extremities are often the only obvious orthopaedic clinical
signs. Chest and spine deformities are less frequent during
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childhood but they become more evident towards the end of
adolescence and adulthood.
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