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OBJECTIVE: This study assessed the prevalence of scoliosis and the patterns of scoliotic curves in patients with
Williams-Beuren syndrome. Williams-Beuren syndrome is caused by a chromosome 7q11.23 deletion in a region
containing 28 genes, with the gene encoding elastin situated approximately at the midpoint of the deletion.
Mutation of the elastin gene leads to phenotypic changes in patients, including neurodevelopmental
impairment of varying degrees, characteristic facies, cardiovascular abnormalities, hypercalcemia, urological
dysfunctions, and bone and joint dysfunctions.

METHODS: A total of 41 patients diagnosed with Williams-Beuren syndrome, who were followed up at the
genetics ambulatory center of a large referral hospital, were included in the study. There were 25 male subjects.
The patients were examined and submitted to radiographic investigation for Cobb angle calculation.

RESULTS: It was observed that 14 patients had scoliosis; of these 14 patients, 10 were male. The pattern of
deformity in younger patients was that of flexible and simple curves, although adults presented with double
and triple curves. Statistical analysis showed no relationships between scoliosis and age or sex.

CONCLUSION: This study revealed a prevalence of scoliosis in patients with Williams-Beuren syndrome of
34.1%; however, age and sex were not significantly associated with scoliosis or with the severity of the curves.
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H INTRODUCTION (5-7). WBS is caused by a chromosome 7q11.23 deletion in a
region containing 28 genes and the gene encoding elastin is
situated approximately at the midpoint of this deletion
(8-10). Mutation of the elastin gene results in various
phenotypic changes, including neurodevelopmental impair-

Many studies have identified mutations in the genetic loci
encoding proteins that are components of elastic fibers,
leading to a wide range of connective tissue disorders,
including skeletal, cardiovascular and ocular abnormalities, ment of varying degrees, cardiovascular abnormalities,
as well as neurodevelopmental deficits (1-4). One of the hypercalcemia, urological dysfunction, and bone and joint
most striking aspects of the syndromes that cause muscu- dysfunctions (11-13).
loskeletal impairment is scoliosis, which occurs frequently
in individuals in the same family.

Williams-Beuren syndrome (WBS) is a relatively rare
disease, with a frequency of 1:7,500 to 1:20,000 living births

Elastin is the best-known protein encoded in scoliosis. As
the main component of the tissue extracellular matrix,
elastin is fundamental to regulating the distribution of
elastic fibers in the intervertebral discs. In patients with
scoliosis, disorganization of collagen and elastic fibers is

observed, elastic fibers are sparse, and the lamellar structure
Copyright © 2014 CLINICS - This is an Open Access article distributed under is lost (14—16).

the terms of the Creative Commons Attribution Non-Commercial License (http:// .. . . .
creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted non- Few cases of scoliosis have been reported in patients with

commercial use, distribution, and reproduction in any medium, provided the WBS (17-19), and the descriptions of the deformities have
original work is properly cited. been brief. The prevalence of scoliosis in WBS is not fully
No potential conflict of interest was reported. understood, and the patterns of the scoliosis curves in
DOI: 10.6061/clinics/2014(07)02 patients with WBS have not been studied.

452



CLINICS 2014;69(7):452-456

The objectives of the present study were to assess the
prevalence of scoliosis in patients with WBS and to
determine the association of WBS with the patterns of
scoliotic curves.

B MATERIALS AND METHODS

Study design and study population

The participants in this observational, cross-sectional
study were WBS patients undergoing follow-up at the
Genetics Ambulatory clinic of our public university hospi-
tal. Hospital das Clinicas is a referral center for genetic
diseases that receives patients from other primary and
tertiary health centers from all over Brazil. The patients are
regularly followed up free of charge within the Brazilian
public health system (Sistema Unico de Sadde, SUS). WBS
patients present with many different comorbidities of the
disease, and in our hospital, they are closely monitored by
our multidisciplinary team.

For this study, the Genetics Ambulatory clinic provided a
list of all of the patients with WBS who were registered at
any time for diagnosis or treatment at the institution. The
database of the Brazilian Association of Williams-Beuren
Syndrome was checked, and 51 patients registered in Brazil
were found. Of these patients, 50 were undergoing follow-
up at Hospital das Clinicas.

After obtaining approval from the local ethics committee,
telephone calls were made by the Spinal Surgery Division of
the Orthopaedics and Traumatology Department of the
same hospital from June to July 2010 to each of the 50
patients registered with the hospital. The patients were
asked to visit the hospital and undergo an orthopedic
consultation due to the risk of spinal deformities in WBS
patients.

Patients of any age were included, provided they had a
complete clinical or cytogenetic diagnosis of WBS and were
undergoing follow-up at our institution. The cytogenetic
study was performed with fluorescence in situ hybridization
(FISH).

Clinical interview and examination of the spine

When the patients presented for the interview, they were
informed about the study objectives and were given an
informed consent form to be signed by themselves or their
parents. The orthopedic surgeon obtained each patient’s
medical history systematically, registering age, sex, pre-
vious genetic exams, consanguinity between the patient’s
parents, other cases of WBS in the family, and the patient’s
age at menarche. We recorded the age at which the
deformities or deviations of the spine first appeared in
childhood.

A physical examination was then performed by the same
professional, observing the vertebral axis, alignment of the
shoulders, the presence of dorsal spinal deviation, the space
between the trunk and the elbows, hip function, and
musculoskeletal deformities. The Adams test was per-
formed, and the surgeon also examined neurological
function.

After the physical examination, the patient was referred
for orthostatic panoramic radiography of the spine, with
anteroposterior, front, and lateral incidences (right and left),
in the Radiological Examination Outpatient service of our
hospital. Two experienced orthopedic surgeons from the
Spine Surgery division examined the radiographic images,
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observing the alignment of the spine and shoulders and the
hip flexibility, in addition to verifying the spinal deviation.
When scoliosis was suspected, the examiner verified the
pattern of the primary curve, alignment, and sagittal
balance. The Cobb angle was calculated, according to the
Scoliosis Research Society criteria and was recorded.
Scoliosis was defined as a Cobb angle greater than 10°
between the cranial and caudal vertebrae of the spinal
curve. The average distance between the two measurements
was calculated and used to estimate the prevalence of
scoliosis in this study.

Statistical analysis

Inferential and descriptive analyses were used in the
presentation of the results. All of the continuous data with a
normal distribution were described by the means and
standard deviations. For the non-parametric data, the
medians and interquartile ranges were used. Categorical
data were analyzed as frequencies. Multivariate regression
analysis was performed to determine whether some
independent variables could explain the severity of scolio-
sis. For the comparison of simple pairs of data, when
necessary, Student’s t test was used. The accepted level for
type I error in this study was less than or equal to 5%. The
statistical software SPSS (Chicago, IL, USA), version 20.0 for
Mac, was used for the analysis.

B RESULTS

Of the 50 patients with WBS who were initially selected, 2
could not be reached because they had changed their
addresses and telephone numbers, 3 lived in other cities and
could not attend due to transportation difficulties, and 4
failed to attend the consultations without providing a
reason. The remaining 41 patients agreed to participate
and presented to be examined in August 2010. The ages of
these 41 patients ranged from 2 to 31 years old (mean: 16.3
years), and 25 were male. There were no cases of
consanguinity between the parents of any of the patients.

Scoliosis was found in 14 WBS patients, indicating a
prevalence of 34.1% in this population. Of the 14 scoliotic
patients, 10 were male. Regression analysis did not show a
significant difference in the frequency of scoliosis according
to sex (p=0.393).

Scoliosis was observed only in patients older than 8 years
of age; the 6 patients younger than 8 years of age had a
normal vertebral axis. Single, double, and triple scoliosis
curves were observed, and no patterns or associated factors
could be identified in this sample. Half of the WBS patients
with scoliosis had single curves (7 cases), while the other
half had double (5 cases) or triple curves (2 cases), as shown
in Figure 1. The Cobb angle in the main curve varied from
12° to 94° (mean: 27.6°), as shown in Figure 2. However,
descriptive and regression analyses did not reveal a
statistically significant association between age and the
severity of the curve (p=0.124).

Most of the patients (12 cases) had flexible curves (lateral
inclination leading to reduction of the curve of less than 25°),
and 2 had rigid deformities (both with triple curves).

B DISCUSSION

Scoliosis has been observed in 0.5% to 2% of the
population (20-23). Our study showed that the prevalence
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*Two patients had both Cobb angle of 1 2 degrees and were aged 18 years.

Figure 1 - Pattern of the scoliosis curves in 14 Williams-Beuren
syndrome patients according to age: blue points indicate single
curves, yellow triangles indicate double curves and pink squares
indicate triple curves*.

of scoliosis could be much higher in WBS patients. The
explanation for this finding might be related to the gene
mutations that are present in genetic disorders. For
example, in both Marfan syndrome and neurofibromatosis
type 1, approximately 60% of individuals present with
scoliosis during growth (24). A review of the literature
revealed that scoliosis was observed in 12% (13) to 18%
(18,19) of patients with WBS, while the present study
showed a prevalence of 34.1%. To our knowledge, this was
the first study to evaluate specifically the prevalence of
scoliosis in WBS patients in Brazil.

A high prevalence of scoliosis has been identified in many
other connective tissue diseases, including Marfan syn-
drome, neurofibromatosis, Ehler-Danlos, Prader-Willi,
Noonan, and Angelman syndromes, mucopolysaccharido-
sis, and VATER syndrome, among others (24-34). Collagen
production is impaired in Ehler-Danlos syndrome and in
osteogenesis imperfecta (26,34). Neurofibrin production is a
problem that has been associated with neurofibromatosis
(24). Defects in 11 enzymes are involved in mucopolysac-
charidosis (27,28). Fibrillin-1 (FBN1) and elastin are the two
main protein components of elastic fibers and because
scoliosis is common in patients with Marfan syndrome,
some authors have suggested that FBN1 gene mutations
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confer a greater risk of vertebral deformity, compared to
mutations in the elastin locus (19).

The concurrence of scoliosis with WBS suggests that
mutations in the fibrillin-1 gene (responsible for Marfan
syndrome) or neurofibromin (responsible for neurofibro-
matosis type 1) might have greater effects on the develop-
ment of scoliosis than mutations in the locus encoding
elastin.

WBS was first referred to as childhood idiopathic
hypercalcemia by Lightwood in 1932 (35). In 1951, Fanconi
described children with hypercalcemia, weight and height
deficits, mental retardation, typical facies and cranial
osteosclerosis as having WBS (36). It was only in 1961 and
1962 that John Williams and Alois Beuren, both cardiolo-
gists, published the most important studies that named the
syndrome and described the main cardiovascular abnorm-
alities, particularly supra-aortic valvular stenosis (present in
approximately 80% of individuals affected by disease) (37).
Garcia et al. revealed the main symptoms of the syndrome
in 1964 in a case description of supravalvular aortic stenosis
in a patient with idiopathic infantile hypercalcemia (38).

The etiology of WBS was not identified until 1993, with
the discovery of the gene encoding elastin. Approximately
95% of WBS patients have microscopic deletions (1.5 to 2.0
Mb) (39-41) in the elastin locus, which is detectable by FISH
(42,43). The clinical criteria for diagnosis (44) include typical
facial features (broad forehead, orbital ridges with a
“startled”” look, short palpebral fissures, epicanthus, exces-
sive subcutaneous tissue around the eyes, saddle nose with
a long nasolabial groove, and thick lips), associated with one
or more of the following characteristics:

Cardiovascular anomalies, predominantly supravalvular
aortic or pulmonary artery stenosis;

Irritability;

Learning difficulties;

Low stature development;
Hypercalcemia;

Overly social personality (““cocktail party”-type person-
ality); and

Dental anomalies.

Orthopedic disorders have often been described in WBS
patients. Joint contractures (45), bilateral extra-sacral folds
(46) and clinodactyly (11) affect approximately half of these
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*Two patients had both Cobb angle of 12 degrees andwere aged 18 years.

Figure 2 - Cobb angle in the scoliosis main curve in Williams-Beuren syndrome patients according to age*.
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patients; limitations of forearm supination and radio-ulnar
synostosis are observed in approximately one quarter of
patients (47); and hallux valgus is the most frequent
alteration, occurring in approximately 78% of patients (13).

Despite extensive involvement of the musculoskeletal
apparatus in WBS patients, few studies have shown
involvement of the spine.

In 1988, Morris et al. described scoliosis in 12% of patients
with WBS in a classic series of 42 individuals aged 1-34
years old (13).

In 1994, Osebold and King published a case report of a 10-
year-old girl with WBS, showing characteristic behavior and
facies, mental retardation and a growth disorder. This
patient had scoliosis that, despite the use of thoracolumbar
orthosis, progressed rapidly to 95° requiring surgical
stabilization (17). At that time, the authors reviewed all of
the available literature describing the syndrome and found
only a single, brief mention of spinal deformity. At the end
of the article, the authors implored spine surgeons to be
aware that the progression of scoliosis could occur quickly
in patients with WBS.

In 2002, Sugayama described a scoliosis prevalence of
20% in 20 patients, aged between 5 and 17 years old (18). In
2010, Morris et al. evaluated 111 patients aged between 8
and 45 years old and observed a scoliosis prevalence of 18%
in patients with a confirmed diagnosis of WBS. There was
no significant difference between the sexes and severe
scoliosis occurred in approximately 5.4% of the cases with
the deformity (19).

This research was based on a sample of patients drawn
from a population that was regularly followed up at a
specialized center in the city of Sdo Paulo, Brazil. Sao Paulo
is the largest metropolis in the country, and it is a reference
destination for those seeking tertiary and quaternary health
care from all of the regions of the country. Therefore, it
would be reasonable to assume that the majority of the cases
(if not all cases) in Brazil would be seen at our hospital
during follow-up. Nevertheless, we contacted the Brazilian
Association of Williams-Beuren Syndrome and we were
informed that there were 51 patients registered in Brazil. We
could therefore estimate that our population of 50 patients
was a good representation of all of the WBS patients in our
country.

The prevalence of scoliosis in this study was higher than
that in other populations. Of the 50 patients initially
identified, 9 failed to attend the medical examinations.
Because our hospital is a public institution with a limited
budget, it was not possible to provide transportation for
patients who alleged that they were unable to attend due to
economic problems. Such an inability might be a difficulty
affecting the lives of patients with genetic syndromes and
scoliosis deformities, leading to decreased access to proper
health care. This inability must be noted as a study
limitation, because it is possible that some of these absent
patients were not interested in coming because they did not
believe that they had any spinal deformity. If, once
examined, these 9 patients were found to be negative for
scoliosis, the prevalence of scoliosis among WBS patients
would have decreased from 34.1% to 28%, which is
nevertheless a high prevalence. However, if the patients
had been examined and deemed positive for scoliosis, the
prevalence would be even higher: 46%. However, this is
merely speculative. Only a study designed specifically for
the purposes of comparing prevalence would be capable of
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clarifying the variables that could explain the high
prevalence of scoliosis among WBS patients.

Therefore, among the patients with WBS who were
followed up at our public university hospital, which is a
referral center for the disease in Brazil, the prevalence of
scoliosis was 34.1%, without any significant associations
between age or sex and the severity of spinal deformity.

This study was approved by our local Ethics Committee
(Instituto de Ortopedia e Traumatologia, Hospital das
Clinicas da Faculdade de Medicina da Universidade de
Sao Paulo).

B AUTHOR CONTRIBUTIONS

Damasceno ML and Cristante AF designed the study, collected and
analyzed the data, wrote the manuscript and revised the final version to be
published. Marcon RM and Barros Filho TE assisted with the study design
and interpretation of the data, and they revised the final version to be
published.

B REFERENCES

1. Callewaert B, Renard M, Hucthagowder V, Albrecht B, Hausser I, Blair
E, et al. New insights into the pathogenesis of autosomal-dominant cutis
laxa with report of five ELN mutations. Hum Mutat. 2011;32(4):445-55,
http://dx.doi.org/10.1002 /humu.21462.

. Loeys BL, Matthys DM, de Paepe AM. Genetic fibrillinopathies: new
insights in molecular diagnosis and clinical management. Acta Clin Belg.
2003;58(1):3-11, http://dx.doi.org/10.1179/acb.2003.58.1.001.

. Wagenseil JE, Mecham RP. Elastin in large artery stiffness and
hypertension. ] Cardiovasc Transl Res. 2012;5(3):264-73, http://dx.doi.
org/10.1007 /512265-012-9349-8.

. Baumgartner C, Matyas G, Steinmann B, Baumgartner D. Marfan
syndrome-a diagnostic challenge caused by phenotypic and genetic
heterogeneity. Methods Inf Med. 2005;44(4):487-97.

. Grimm T, Wesselhoeft H. Zur Genetik des Williams-Beuren-Syndroms
und der isolierten Form der supravalvuliren Aortenstenose.
Untersuchungen von 128 Familien. The genetic aspects of Williams-
Beuren syndrome and the isolated form of the supravalvular aortic
stenosis. Investigation of 128 families. Z Kardiol. 1980;69(3):168-72.

. Martin ND, Snodgrass GJ, Cohen RD. Idiopathic infantile hypercalcae-
mia—-a continuing enigma. Arch Dis Child. 1984;59(7):605-13, http://dx.
doi.org/10.1136/adc.59.7.605.

. Stromme P, Bjornstad PG, Ramstad K. Prevalence estimation of Williams
syndrome. J Child Neurol. 2002;17(4):269-71, http:/ /dx.doi.org/10.1177/
088307380201700406.

. Olson TM, Michels VV, Lindor NM, Pastores GM, Weber JL, Schaid DJ,
et al. Autosomal dominant supravalvular aortic stenosis: localization to
chromosome 7. Hum Mol Genet. 1993;2(7):869-73, http:/ /dx.doi.org/10.
1093/hmg/2.7.869.

. Curran ME, Atkinson DL, Ewart AK, Morris CA, Leppert MF, Keating

MT. The elastin gene is disrupted by a translocation associated with

supravalvular aortic stenosis. Cell. 1993,73(1):159-68, http:/ /dx.doi.org/

10.1016/0092-8674(93)90168-P.

Ewart AK, Morris CA, Atkinson D, Jin W, Sternes K, Spallone P, et al.

Hemizygosity at the elastin locus in a developmental disorder, Williams

syndrome. Nat Genet. 1993;5(1):11-6, http://dx.doi.org/10.1038 /ng0993-

11

10.

Eronen M, Peippo M, Hippala A, Raatikka M, Arvio M, Johansson R,
et al. Cardiovascular manifestations in 75 patients with Williams
syndrome. ] Med Genet. 2002;39(8):554-8, http://dx.doi.org/10.1136/
jmg.39.8.554.

Pankau R, Partsch CJ, Winter M, Gosch A, Wessel A. Incidence and
spectrum of renal abnormalities in Williams-Beuren syndrome. Am ] Med
Genet. 1996;63(1):301-4.

Morris CA, Demsey SA, Leonard CO, Dilts C, Blackburn BL. Natural
history of Williams syndrome: physical characteristics. J Pediatr.
1988;113(2):318-26, http://dx.doi.org/10.1016/50022-3476(88)80272-5.
Dixit A, McKee S, Mansour S, Mehta SG, Tanteles GA, Anastasiadou V,
et al. 7q11.23 Microduplication: a recognizable phenotype. Clin Genet.
2013;83(2):155-61, http:/ /dx.doi.org/10.1111/j.1399-0004.2012.01862.x.
Dutra RL, Pieri Pde C, Teixeira AC, Honjo RS, Bertola DR, Kim CA.
Detection of deletions at 7q11.23 in Williams-Beuren syndrome by
polymorphic markers. Clinics. 2011;66(6):959-64, http:/ /dx.doi.org/10.
1590/51807-59322011000600007.

Patil SJ, Madhusudhan BG, Shah S, Suresh PV. Facial phenotype at
different ages and cardiovascular malformations in children with
Williams-Beuren syndrome: a study from India. Am ] Med Genet A.
2012;158A(7):1729-34.

11.

12.

13.

14.

15.

16.



Scoliosis in Williams-Beuren syndrome patients
Damasceno ML et al.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.
29.

30.

31.

Osebold WR, King HA. Kyphoscoliosis in Williams syndrome. Spine
(Phila PA 1976). 1994;19(3):367-71, http:/ /dx.doi.org/10.1097 /00007632~
199402000-00021.

Sugayama SMM, Silva CAA, Leone C, Barba MF, Valente M, Campos
LMMA, et al. Musculoskeletal anomalies in Williams-Beuren syndrome.
Description of 20 children and adolescents utilizing the fluorescence in
situ hybridization (FISH) analysis. Rev Bras Reumatol. 2002;42(4):223-30.
Morris CA, Pani AM, Mervis CB, Rios CM, Kistler DJ, Gregg RG. Alpha 1
antitrypsin deficiency alleles are associated with joint dislocation and
scoliosis in Williams syndrome. Am ] Med Genet C Semin Med Genet.
2010;154C(2):299-306.

de Baat P, van Biezen EC, de Baat C. Scoliose: overzicht van typen,
oorzaken, diagnostiek en behandeling 1 Scoliosis: review of types,
aetiology, diagnostics, and treatment 1. Ned Tijdschr Tandheelkd.
2012;119(10):474-8, http:/ /dx.doi.org/10.5177 /ntvt.2012.10.12210.

de Baat P, van Biezen FC, de Baat C. Scoliose: overzicht van typen,
oorzaken, diagnostiek en behandeling 2. Scoliosis: review of types,
aetiology, diagnostics, and treatment 2. Ned Tijdschr Tandheelkd.
2012;119(11):531-5, http://dx.doi.org/10.5177 /ntvt.2012.11.12232.
Amorim Junior DC, Herrero CFPS, Nogueira-Barbosa M, Delfino HLA.
Prevaléncia da escoliose lombar em adultos Prevalence of lumbar
scoliosis in adults. Coluna/Columna. 2010;10(4):284-5.

Nery LS, Halpern R, Nery PC, Nehme KP, Stein AT. Prevalence of scoliosis
among school students in a town in southern Brazil. Sao Paulo Med J.
2010;128(2):69-73, http:/ /dx.doi.org/10.1590/51516-31802010000200005.
Boyd KP, Korf BR, Theos A. Neurofibromatosis type 1. ] Am Acad
Dermatol. 2009;61(1):1-14; quiz 15-6, http://dx.doi.org/10.1016/jjaad.
2008.12.051.

Armon K, Bale P. Identifying heritable connective tissue disorders in
childhood. Practitioner. 2012;256(1752):19-23,2-3.

Giunta C, Superti-Furga A, Spranger S, Cole WG, Steinmann B. Ehlers-
Danlos syndrome type VII: clinical features and molecular defects. ] Bone
Joint Surg Am. 1999;81(2):225-38.

Lampe C, Bellettato CM, Karabul N, Scarpa M. Mucopolysaccharidoses
and other lysosomal storage diseases. Rheum Dis Clin North Am.
2013;39(2):431-55, http:/ /dx.doi.org/10.1016/j.rdc.2013.03.004.

Grech R, Galvin L, O'Hare A, Looby S. Hurler syndrome (mucopoly-
saccharidosis type I). BMJ Case Rep. 2013;2013.

Dagli A, Buiting K, Williams CA. Molecular and Clinical Aspects of
Angelman Syndrome. Mol Syndromol. 2012;2(3-5):100-12.

de Lind van Wijngaarden RF, de Klerk LW, Festen DA, Hokken-Koelega
AC. Scoliosis in Prader-Willi syndrome: prevalence, effects of age,
gender, body mass index, lean body mass and genotype. Arch Dis Child.
2008;93(12):1012-6, http://dx.doi.org/10.1136/adc.2007.123836.
Malaquias AC, Ferreira LV, Souza SC, Arnhold IJP, Mendonga BB, Jorge
AAL. Sindrome de Noonan: do fenétipo a terapéutica com hormoénio de
crescimento [Noonan syndrome: from phenotype to growth hormone
therapy]. Arq Bras Endocrinol Metab. 2008;52(5):800-8, http://dx.doi.
org/10.1590/50004-27302008000500012.

456

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

CLINICS 2014;69(7):452-456

Solomon BD. VACTERL/VATER Association. Orphanet ] Rare Dis.
2011;6:56.

Dan B. Maternal UBE3A in Angelman syndrome: “the rest is silence’’?.
Eur ] Paediatr Neurol. 2012;16(6):760-1.

Hanscom DA, Winter RB, Lutter L, Lonstein JE, Bloom BA, Bradford DS.
Osteogenesis imperfecta. Radiografic classification, natural history,
and treatment of spinal deformities. J Bone Joint Surg Am. 1992;
74(4):598-616.

Lightwood R. Case of Dwarfism and Calcinosis: Associated with
Widespread Arterial Degeneration. Arch Dis Child. 1932;7(4):193-208,
http://dx.doi.org/10.1136/adc.7.40.193.

Fanconi G. Uber chronische Storungen der Calcium-und Phosphat-
stoffwechs in Kindersalter [Chronic disorders of calcium and phosphate
metabolism in children]. Schweiz Med Wochenschr. 1951;81(38):908-13.
Beuren AJ, Apitz ], Harmjanz D. Supravalvular aortic stenosis in
association with mental retardation and a certain facial appearance.
Circulation. 1962;26:1235-40, http:/ /dx.doi.org/10.1161/01.CIR.26.6.1235.
Garcia RE, Friedman WF, Kaback MM, Rowe RD. Idiopathic hypercal-
cemia and supravalvular aortic stenosis. Documentation of a new
syndrome. N Engl ] Med. 1964;271:117-20.

Peoples R, Franke Y, Wang YK, Pérez-Jurado L, Paperna T, Cisco M, et al.
A physical map, including a BAC/PAC clone contig, of the Williams-
Beuren syndrome-deletion region at 7q11.23. Am ] Hum Genet.
2000;66(1):47-68.

Pezzi N, Prieto I, Kremer L, Pérez Jurado LA, Valero C, Del Mazo J, et al.
STAGS3, a novel gene encoding a protein involved in meiotic chromo-
some pairing and location of STAG3-related genes flanking the Williams-
Beuren syndrome deletion. FASEB J. 2000;14(3):581-92.

Bayés M, Magano LF, Rivera N, Flores R, Pérez Jurado LA. Mutational
mechanisms of Williams-Beuren syndrome deletions. Am ] Hum Genet.
2003;73(1):131-51.

Elgioglu N, Mackie-Ogilvie C, Daker M, Berry AC. FISH analysis in
patients with clinical diagnosis of Williams syndrome. Acta Paediatr.
1998;87(1):48-53, http://dx.doi.org/10.1080/08035259850157868.
Lowery MC, Morris CA, Ewart A, Brothman L], Zhu XL, Leonard CO,
et al. Strong correlation of elastin deletions, detected by FISH, with
Williams syndrome: evaluation of 235 patients. Am ] Hum Genet.
1995;57(1):49-53.

Chapman CA, du Pleiss A, Pober BR. Neurologic findings in children
and adults with Williams syndrome. J Child Neurol. 1996;11(1):63-5,
http:/ /dx.doi.org/10.1177 /088307389601100116.

Kaplan P, Kirschner M, Watters G, Costa MT. Contractures in patients
with Williams syndrome. Pediatrics. 1989;84(5):895-9.

Morris CA, Carey JC. Three diagnostic signs in Williams syndrome.
Am ] Med Genet Suppl. 1990;6:100-1.

Charvat KA, Honrstein L, Oestreich AE. Radio-ulnar synostosis in
Williams syndrome. A frequently associated anomaly. Pediatr Radiol.
1991;21(7):508-10, http:/ /dx.doi.org/10.1007 /BF02011725.



	Title
	Authors
	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Study design and study population
	Clinical interview and examination of the spine
	Statistical analysis
	RESULTS
	DISCUSSION
	Figure 1
	Figure 2
	REFERENCES
	Reference 1
	Reference 2
	Reference 3
	Reference 4
	Reference 5
	Reference 6
	Reference 7
	Reference 8
	Reference 9
	Reference 10
	Reference 11
	Reference 12
	Reference 13
	Reference 14
	Reference 15
	Reference 16
	Reference 17
	Reference 18
	Reference 19
	Reference 20
	Reference 21
	Reference 22
	Reference 23
	Reference 24
	Reference 25
	Reference 26
	Reference 27
	Reference 28
	Reference 29
	Reference 30
	Reference 31
	Reference 32
	Reference 33
	Reference 34
	Reference 35
	Reference 36
	Reference 37
	Reference 38
	Reference 39
	Reference 40
	Reference 41
	Reference 42
	Reference 43
	Reference 44
	Reference 45
	Reference 46
	Reference 47


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 30%)
  /CalRGBProfile (None)
  /CalCMYKProfile (U.S. Sheetfed Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed false
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /FRA <>
    /JPN <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Settings for the Rampage workflow.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


