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Abstract
Background: A leptosomic body type is tall and thin with long hands. Marfanoid features may be familial in nature or pathological, as 
occurs in congenital contractual arachnodactyly (Beal’s syndrome) and Shprintzen-Goldberg syndrome mimicking some of the changes 
of Marfan syndrome, although not accompanied by luxation of lens and dissecting aneurysm of aorta.
Methods: In this article we collected eight patients who were consistent with the diagnosis of Marfan syndrome via phenotypic and 
genotypic characterization.
Results: Our patients manifested a constellation of variable presentations of musculo-skeletal abnormalities ranging from develop-
mental dysplasia of the hip, protrusio acetabuli, leg length inequality, patellar instability, scoliosis, to early onset osteoarthritis. Each 
abnormality has been treated accordingly.
Conclusion: This is the first paper which includes the diagnosis and the management of the associated musculo-skeletal abnormalities 
in patients with Marfan syndrome, stressing that patients with Marfan syndrome are exhibiting great variability in the natural history 
and the severity of musculo-skeletal abnormalities.
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Introduction
Patients with Marfan syndrome are a clinically diverse 
group. They can have any combination of dolichos-
tenomelia, arachnodactyly, pectus deformities of the 
chest, mitral or aortic regurgitation, ectopia lentis, and 
mild joint laxity. Other evidence of a generalized con-
nective tissue disorder may be present such as sco-
liosis and skin striae. Patients with Marfan syndrome 
are typically tall, usually attaining a height greater 
than 6 feet in adult life, and have disproportionately 
long, thin limbs. The distal bones of the limbs exhibit 
the excess length most strikingly, resulting in long, 
slender hands and feet with spider-like digits, a con-
dition known as arachnodactyly.1,2 Musculoskeletal 
abnormalities such as pectus excavatum are caused 
by excessive longitudinal growth of the ribs. Pectus 
carinatum is also frequently seen in patients with 
Marfan syndrome. Joint laxity is another hallmark 
of the disease. Dislocation of the hip, either develop-
mental or presenting later, and other joints can occur. 
The vertebral column is significantly affected in 
patients with Marfan syndrome.3 Congenital hip dis-
location in Marfan syndrome (infantile type) and pro-
trusio acetabuli can be seen radiographically and may 
manifest as hip pain and stiffness.4–6 In our series of 
patients, protrusio acetabuli, early-onset osteoarthri-
tis, patellar instability, limb length inequality, devel-
opmental dysplasia of the hip and scoliosis were the 
most prominent skeletal abnormalities identified.

Methods
The study protocol was approved by the Medical 
University of Vienna (Ethics Committee, EK Nr. 
921/2009), and informed consents were obtained 
from the patients’ guardians.

Our patients were of different ethnic origins. The 
patients’ records were reviewed in the Department of 
Genetic Bone Disorders at the Orthopaedic Hospital 
of Speising in Vienna, Austria. Extensive search for 
specific phenotypic features, natural history, and skel-
etal surveys were performed to prepare this paper, 
which is illustrative of the spectrum of musculoskele-
tal abnormalities in Marfan syndrome. A patient with 
classic florid Marfan syndrome is easily recognized 
as an unusually tall, lanky individual with arachnod-
actyly, disproportionate long limbs, chest wall defor-
mity, severe myopia, and a loud cardiac murmur. The 
ratio of the upper body segment (measures from the 

top of the symphysis pubis to the top of the head, or by 
subtracting the measurement of the lower body seg-
ment from the total height) to the lower body segment 
(measured from the sole to the top of the symphysis 
pubis) is abnormally low (the upper body-lower body 
ratio is 0.93 in the normal adult population). In addi-
tion, the arm span exceeds the patient’s total height. 
Skeletal abnormalities such as pectus excavatum are 
a common manifestation and are caused by excessive 
longitudinal growth of the ribs. The anteroposterior 
diameter of the thoracic cage is reduced. Significant 
joint laxity is another hallmark of the disease.

The clinical diagnosis of Marfan syndrome was 
based on Ghent diagnostic nosology devised in 1996, 
as a revision of the earlier Berlin criteria of 1988. In 
this nosology, clinical features are assessed as part 
of the seven body system to determine whether that 
system provides a major criterion, or simply mul-
tiple system involvement (Table 1). All our Marfan 
patients were genetically tested for mutation in the 
fibrillin I gene on chromosome 15. Mutations have 
been encountered in all our patients.

Developmental dysplasia of the hip
The estimated incidence of a dislocated hip (DDH) 
at birth in the general population is 0.65 to 1.5 per 
1000 live births. The cause of DDH is multifactorial 
including prenatal and perinatal positioning, liga-
mentous hyperlaxity, and several forms of skeletal 
dysplasias.4

Patients with Marfan syndrome may present 
developmental dysplasia of the hip as newborns or 
infants. We diagnosed one female patient presented 
with infantile type or congenital Marfan syndrome. 
Infantile scoliosis associated with bilateral hip dislo-
cation were the major musculoskeletal abnormalities. 
Interestingly, the child was a product of a Marfan syn-
drome father (autosomal dominant). Pavlik harness 
was unsuccessful in obtaining reduction of the hip, 
and closed reduction under anaesthesia was planned 
for (Fig. 1).

Protrusio-acetabuli
Intrapelvic protrusio acetabuli, is a deformity of the 
hip joint in which the medial wall of the acetabu-
lum invades the pelvic cavity with associated medial 
displacement of the femoral head.5 Three patients 
manifested protrusio-acetabuli (a condition which 
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of the teardrop by the ilioischial line. In a skeletally 
immature patient with Marfan syndrome in whom the 
triradiate physis of the acetabulum is still open, clo-
sure of the triradiate physis can interrupt and decrease 
the progression of the deformity. In older patients, 
valgus intertrochanteric osteotomy and eventually 
total hip arthroplasty are the only methods available 
for correction of the protrusio acetabuli (Fig. 3).

Leg length inequality
Leg length inequality in children is a frequent parental 
concern or physical finding noted by the orthopaedist.8 
Asymptomatic leg length inequality is relatively com-
mon in the healthy paediatric and adult  population. 

Table 1. Ghent diagnostic nosology as applied to our patients.

system Major criteria Involvement
Pectus carinatum Pectus carinatum in 5 patients Pectus excavatum in 3 patients
Upper to lower segment ratio  
(ULSR) , 0.86

Upper to lower segment ratio (ULSR) , 0.86;  
in all patients

All manifested ligamentous 
hyperlaxity

wrist and thumb sign wrist and thumb sign; in all patients High palate and dental 
crowding in 5 patients

Scoliosis . 20° Scoliosis . 20° in 2 patients All manifested the 
characteristic facial features

Reduced elbow extension , 170° Reduced elbow extension , 170°; All patients
Pes planus All patients
Protrusio acetabuli Protrusio acetabuli in 4 patients
Lens dislocation All patients
Cardiovascular Five patients showed dilatation of the aortic root and  

1 patient operated for dissecting aortic aneurysm
3 patients with mitral valve 
prolapse

Pulmonary none
Genetic findings All showed fibrillin 1 mutation

Figure 1. Dislocation of the hip and infantile scoliosis in a 7-month-old 
girl manifesting the full clinical criteria of Marfan syndrome, next to her is 
her father where arachnodactyly can be noted to confirm the autosomal 
dominant pattern of inheritance.

is characterized clinically by hip joint stiffness and 
pain and radiologically by collapse of the acetabular 
teardrop) (Fig. 2). Prolonged protrusio acetabuli may 
result in secondary osteoarthritic changes in the hip 
joint. Radiographic criteria for protrusion acetabuli 
include an abnormally positioned acetabular line, a 
center-edge angle of Wiberg of .40°, and the  crossing 

Figure 2. AP radiograph of the hips in a 33-year-old patient with Marfan 
syndrome showed protrusio acetabuli in which there is abnormally posi-
tioned acetabulae associated with severe osteoarthritis.
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and patellomeniscal complex, provided no increase 
in stability. Sky line view of a 10-year old boy with 
Marfan syndrome showed bilateral patellar dyspla-
sia and instability (lateralization of the patellae), 
defective ossification of the patellae, and trochlear 
 dysplasia. Note pathological features of loss of the 
articular  cartilage and alterations in the shape of the 
articular surface (Fig. 5).

Scoliosis
Scoliosis affects around 60% of Marfan patients 
and there may be rapid progression during growth 
spurts, leading to marked deformity, pain, and 
restricted ventilatory deficit. In adult patients, back 
pain caused by scoliosis is three times more frequent 
than in the general population.3 Two patients out of 
eight were identified who developed scoliosis of 
more than 45°.

A 19-year-old female patient was first seen in the 
outpatient department in 2006, presenting with a sco-
liosis of the thoracolumbar spine. She reported of an 
augmenting side bolster on her loins. X-rays showed 
a scoliosis of 60° Cobb left-convex with an apex at 
the first/second lumbar vertebral body. There were no 
signs of neurologic symptoms.

Reformatted CT scan showed the progressive 
deformation of the thoraco-lumbar vertebrae in a 
patient with Marfan syndrome, there is loss of the nor-
mal vertebral concavity associated with progressive 
antero-lateral growth reduction with exaggeration of 
vertebral flattening associated with the development 

Figure 3. AP radiograph of the hip shows total hip arthroplasty for correc-
tion of the protrusio-acetabuli after valgus intertrochanteric osteotomy.

Figure 4. A 15-year-old male patient presented with a limb length discrepancy of 41 mm. A permanent epiphysiodesis with drilling has been applied based 
on Canale.

Leg length inequality has been recognized in one 
male patient. The limb inequality in this patient was 
secondary to a unilateral protrusio acetabuli.

A 15-year-old male patient presented with a 41 mm 
limb length discrepancy. Therefore, based on Canale, 
we performed permanent epiphysiodesis with drilling 
(Fig. 4).

Patellar instability
Recurrent Patellar Instability (RPI) is defined as 
more than one episode of dislocation of the patella 
documented by an observer or clearly described by 
the patient. The dislocations are almost always to the 
lateral side of the femur. The investigators found that 
repair of the MPFL restored stability and that repair 
of secondary retinaculum structures, the patellotibial 
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Figure 5. Sky line view of a 10-year old boy with Marfan syndrome 
showed bilateral patellar dysplasia and instability (lateralization of the 
patellae), defective ossification of the patellae and trochlear dysplasia. 
note pathological features of loss of the articular cartilage and alterations 
in the shape of the articular surface.

Figure 6. Reformatted CT scan showed the progressive deformation of 
the thoraco-lumbar vertebrae in a patient with Marfan syndrome, there 
is loss of the normal vertebral concavity associated with  progressive 
 antero-lateral growth reduction with exaggerated vertebral flattening 
associated with the development of marginal deformity (arrow) T12, 
L1-2 (bony outgrowths of the vertebral column) which are suggestive of 
spinal arthritis secondary to progressive degeneration with subsequent 
 development of end-plate abnormality and or destruction.

L1/L2, L2/L3 and L3/4. Seven days later, the dorsal 
fusion with instrumentation of L5, L4, L3, Th 8, Th 9 
with screws in every pedicel and a single screw on 
L1 (convexity) and Th 12 (concavity) was performed, 
and fixation of the bar in the right position was done. 
After neurologic control in anesthesia, the fusion was 
prepared by inserting autologous bone and osteoin-
ductive bone substitute (Fig. 7).

of marginal osteophytes (arrow) T12, L1-2 
(bony outgrowths of the vertebral column) which are 
suggestive of spinal arthritis secondary to progressive 
degeneration with subsequent development of end-
plate abnormality and or destruction.  Ligamentous 
laxity is also a cause of the precocious axial and 
extra-axial osteoarthritis in Marfan syndrome (Fig. 6). 
Because of an insufficient bending in the preoperative 
radiographs, the operative procedure was planned in 
two steps. First, a ventral release was done at the level 

Figure 7. The operative procedure was planned in two steps, because 
of an insufficient bending in the preoperative radiographs. First, a ventral 
release was done at the level L1/L2, L2/L3 and L3/4. 7 days later, the 
dorsal fusion with instrumentation of L5, L4, L3, Th 8, Th 9 with screws 
in every pedicle and a single screw on L1 (convexity) a Th 12 (concavity) 
was performed, and fixated on the bar in the right position. After neuro-
logic control in anesthesia the fusion was prepared by inserting autolo-
gous bone and osteoinductive bone substitute.
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Figure 8. AP radiograph of the knee showed severe osteoarthritis 
matching the grade of II–III of Kellgren-Lawrence grading scale. note the 
 flattened and dysplastic epiphyses associated with a marked  narrowing 
of the joint spaces, sclerosis and subsequent deformity of the bony 
 contour, the patient started to walk with crutches. The knee was unstable 
medial and lateral +++, patella was sub-luxated to the lateral and medial 
side, atrophy of the quadriceps muscle was evident, the MRI indicated an 
infarction-area in the distal femur.

osteoarthritis
Osteoarthritis (OA) or degenerative joint disease 
(DJD) is more common than all the other types 
of arthritis combined. It is well-established that 
injury to a joint increases the chances that the joint 
will develop OA over time. Precipitating causes 
include sudden impact or trauma, overuse or repeti-
tive motion injuries, biomechanical abnormalities 
(congenital or acquired), ligamentous injury, joint 
hypermobility, obesity, intra-articular or systemic 
corticosteroids, avascular necrosis, and heredi-
tary factors. OA, though the accepted term used to 
describe DJD, is misleading as it primarily relates 
to cartilage, not bone, and involves degeneration, 
not inflammation.  Ligamentous damage or weak-
ness is one cause of joint degeneration. Joint sub-
luxations, dysplasia, and incongruity  prevent the 
 normal distribution of weight and stresses on the 
articular surfaces of the joint leading to cartilage 
injury and joint degeneration.9,10 AP radiograph of 
the knee showed severe OA matching the grade of 
II–III of  Kellgren-Lawrence grading scale.11 The 
flattened and dysplastic epiphyses associated with 
marked narrowing of the joint spaces, sclerosis, 
and subsequent deformity of the bony contour were 
noted. This resulted in the patient using crutches 
to walk. The knee was unstable medial and lateral, 
patella was sub-luxated to the lateral and medial 
side, atrophy of the quadriceps muscle was evident, 
and the MRI indicated an infarction area in the dis-
tal femur (Fig. 8). Recently, a total knee prosthesis 
was implanted (LCCK), healing occurred without 
 complications. Mobilization afterwards was very 
slow, the patient used a wheelchair because of insta-
bility in ankle-joints, arthritis and instability in the 
left knee was evident (Fig. 9).

Genetics
Marfan syndrome is caused by a defective gene FBN1, 
located on the long arm of chromosome 15. This gene 
encodes for fibrillin-1, a large glycoprotein closely 
associated with elastin. In addition to their presence in 
the aortic media and suspensory  ligaments of the lens, 
fibrillin microfibrils are found in skin, tendon, carti-
lage, and periosteum. In contradistinction, the much 
rarer Beal’s syndrome is caused by the defective gene 
FBN2, located on chromosome 5 that encodes for the 
glycoprotein fibrillin-2.

Discussion
Marfan syndrome is a complex disease characterized 
by abnormally long, thin extremities and associated 
with eye and cardiovascular anomalies. Autosomal 
dominant inheritance with high penetrance and wide 
expressive variability is an additional criterion of the 
disease. The main clinical features are dolichocephaly 
with frontal bossing, long narrow face with prominent 
mandible, high arched palate, and narrow thorax with 
pigeon or funnel chest. The limbs are characterized 
of being long (dolichostenomelia) and long thin fin-
gers (like the legs of a spider).  Flatfoot deformity and 
skewfoot deformity, with hind foot valgus and fore-
foot adductus or varus, are not uncommon features 
of the disease. The skin looks dry and wrinkled with 
minimal subcutaneous fat. Ophthalmological abnor-
malities of dislocated lens, iridodonesis, spheropha-
kia, and severe myopia are well documented 
abnormalities in  connection with Marfan syndrome. 
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mutated gene in the aortic media and in the suspensory 
ligaments is behind the pathological abnormalities of 
the cardiovascular and the eyes abnormalities noted in 
Marfan patients. Mutations in fibrillin-1 protein can 
also be encountered in other syndromic entities such 
as isolated ectopia lentis, Weil-Marchesani syndrome, 
and Shprintzen-Goldberg syndrome.13,14

Protrusio acetabuli is clinically characterized by 
hip/joint stiffness and pain, and radiologically by 
collapse of the acetabular teardrop. Steel described 
surgical closure of the triradiate cartilage in skel-
etally immature patients who were symptomatic 
or in whom increasing acetabular deeping was 
demonstrated radiologically.15 In his report on 19 
hips followed to skeletal maturity, radiographic 
indices normalized in 12 cases, improved in 4, 
and were unchanged in 3. All hips were asymp-
tomatic. He recommended surgical  closure of the 
triradiate cartilage for patients between 8 and 10 
years of age. Höhle discovered protrusio acetabuli 
in two of his patients who had arachnodactyly, keel 
breast, ectopia lentis, and a familial incidence of pro-
trusion acetabuli.16 Nevertheless, he stated that the 
aetiology and pathogenesis of idiopathic protrusion 
acetabuli is not yet explained in all aspects. Later 
on, Steel reported seven cases of protrusion acetab-
uli, five of which were in patients who had all of the 
clinical manifestations of Marfan syndrome. Older 
patients had symptomatic relief but little improve-
ment in the radiographic appearance of their hips.12 
Others have reported that the occurrence of protru-
sio acetabuli in patients with Marfan syndrome is 
correlated to disturbed bone mineral density and that 
it is as high as 31%.  Prolonged protrusio acetabuli 
may result in secondary osteoarthritic changes in the 
hip joint.16,17

The generalized joint laxity that characterizes 
patients with Marfan syndrome may manifest as 
severe pes planovalgus or joint dislocations, espe-
cially of the patello-femoral joint.7,9,18

In patients with Marfan syndrome, ligamentous 
hyperlaxity is a predominating feature, in which the 
primary medial soft tissue stabilizer of the patella is 
the medial patello-femoral ligament (MPFL). This is 
an extra capsular, ligamentous thickening of varying 
width within the medial retinaculum. In one study, 
release of this ligament resulted in a 50% increase in 
lateral displacement of the patella with loading.

Figure 9. Recently a total knee prosthesis was implanted (LCCK), heal-
ing occurred without complications. Mobilization afterwards was very 
slow, the patient used a wheelchair because of instability in the ankle-
joints, arthritis and instability in the left knee was evident.

Congenital anomalies of the cardiovascular system, 
such as septal defects, valvular anomalies, and vascular 
hypoplasia as well as the acquired pathology of dilata-
tion of the ascending aorta and dissecting aortic aneu-
rysm, are serious complications of the disease.1,7,12 The 
pathological mechanism by which mutation in FBN1 
 fibrillin-1 encoding gene predisposes to the constella-
tion of the musculo-skeletal abnormalities encountered 
in Marfan Patients is mostly based on the presence of 
fibrillin-1 mutation gene in cartilage, periosteum, and 
skin. Fibrillin-1 gene in the cartilage, results in various 
abnormalities, namely developmental dysplasia of the 
hip and protrusio acetbulae and other weight  bearing 
zones  abnormalities.6 In addition, the presence of a 
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Scoliosis affects around 60% of Marfan patients and 
there may be rapid progression during growth spurts, 
leading to marked deformity, pain, and restricted ven-
tilatory deficit. In adults, back pain caused by scolio-
sis is three times more frequent than in the general 
population. Radiographs typically show tall vertebral 
bodies with elongated transverse processes. The posi-
tion of the sacrum is low in relation to the iliac crests. 
The spinal canal may appear widened in the lumbar 
region, with concavity of the posterior borders of the 
vertebral bodies.3 Reformatted CT scan in two of our 
scoliotic patients showed loss of the normal vertebral 
concavity associated with progressive antero-lateral 
growth reduction with exaggerated vertebral flattening 
associated with the development of marginal osteo-
phytes (bony outgrowths of the vertebral column) 
suggestive of spinal arthritis secondary to progressive 
degeneration with subsequent development of end-
plate abnormality and or destruction.  Ligamentous 
laxity is also a cause of the precocious spinal OA in 
Marfan syndrome.

A lack of understanding about the development of 
OA has resulted in a broad array of  symptom-based 
treatment options such as analgesics, anti- inflammatory, 
braces and wraps, physical therapy and exercise, chi-
ropractic, viscosupplementation, corticosteroid injec-
tions, and surgery. While advances have been made in 
joint replacement, cartilage repair, cartilage replace-
ment, and spinal procedures, treatments to limit or 
even reverse articular cartilage breakdown have been 
lacking. Ligament injury, excess laxity, joint hyper-
mobility, and clinical instability are known to be 
major causes of OA. Therefore, any treatment which 
can address restoration of ligament function would 
help reduce the incidence, pain, and dysfunction of 
OA should be based on etiological understanding of 
the underlying pathology.10,11,19

Average life expectancy of Marfan patients is 
halved in comparison to the general population. 95% 
of deaths are due to a cardiovascular cause. Shores 
et al studied the effect of beta-adrenergic blockers 
and concluded that this slowed the rate of aortic dila-
tation and reduced the development of complications 
from aortic rupture in some patients with Marfan 
syndrome.20 There have been approximately 10 case 
reports of cerebral aneurysms in Marfan syndrome, 
but the association is doubted by some.19 The Com-
mittee on Genetics of the American Academy of 

Pediatrics provides guidelines for management dur-
ing childhood.21,22

The differential diagnosis of Marfan syn-
drome from other disorders of Marfanoid habitus is 
 mandatory.  Congenital contractual arachnodactyly 
(Beal’s syndrome), and Shprintzen-Goldberg syn-
drome mimic some of the changes of Marfan syn-
drome, without being accompanied by luxation of 
the lens, funnel chest, and dissecting aneurysm of 
aorta.23,24

Homocystinuria, Stickler syndrome, marfanoid 
hypermobility syndrome, familial or isolated mitral 
valve prolapse syndrome, familial or isolated annu-
loaortic ectasia, familial idiopathic dilatation of the 
aorta with dissection without Marfan syndrome; 
Lujan-Fryns syndrome (X-linked mental retardation 
with Marfanoid habitus).25 De Becker et al described 
that the expressions of Marfan syndrome can vary 
and might overlap with Ehlers-Danlos (kyphoscoli-
otic type).26

conclusion
In patients with Marfanoid habitus, screening for 
 Marfan syndrome should be performed according to 
the Ghent criteria. Although the defective gene for 
Marfan syndrome has been identified, the diagnosis 
remains a clinical one, based on the fulfillment of 
diagnostic criteria. Clinicians, particularly primary 
care physicians and those working in scoliosis clin-
ics must be aware of the possibility of this condition 
because the presenting anomaly is most commonly 
either scoliosis or a heart murmur. The physician 
should seek a family history of the disorder or its 
manifestations, especially tall stature, skeletal abnor-
malities, ligament hyperlaxity, poor vision, cardiac 
anomalies, and sudden or premature death.
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