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Abstract
Background: The etiology of idiopathic scoliosis remains unknown and different factors have been suggested as 
causal. Hereditary factors can also determine the etiology of the disease; however, the pattern of inheritance remains 
unknown. Autosomal dominant, X-linked and multifactorial patterns of inheritances have been reported. Other studies 
have suggested possible chromosome regions related to the etiology of idiopathic scoliosis. We report the genetic 
aspects of and investigate chromosome regions for adolescent idiopathic scoliosis in a Brazilian family.

Methods: Evaluation of 57 family members, distributed over 4 generations of a Brazilian family, with 9 carriers of 
adolescent idiopathic scoliosis. The proband presented a scoliotic curve of 75 degrees, as determined by the Cobb 
method. Genomic DNA from family members was genotyped.

Results: Locating a chromosome region linked to adolescent idiopathic scoliosis was not possible in the family 
studied.

Conclusion: While it was not possible to determine a chromosome region responsible for adolescent idiopathic 
scoliosis by investigation of genetic linkage using microsatellites markers during analysis of four generations of a 
Brazilian family with multiple affected members, analysis including other types of genomic variations, like single 
nucleotide polymorphisms (SNPs) could contribute to the continuity of this study.

Background
Idiopathic scoliosis is a structural lateral curvature of the
spine with a rotatory component deviation in an other-
wise healthy individual. These individuals present no
known neurological, muscular disorders or other diseases
[1] Radiography exam shows no vertebral alterations,
while present with curves of more than 10°, as deter-
mined by the Cobb method [1]. Idiopathic scoliosis is one
of the most frequent deformity involving the spine, with
reports of its incidence in populations worldwide from
0.5% to 10%. Scoliosis progresses during the growth
phase and can be classified into three categories accord-
ing to the age at which the deformity is detected: infant,
prior to three years of age; juvenile, between three and 10

years-old (or at the onset of puberty); and adolescent,
when it appears after 10 years of age or after the onset of
puberty [2].

Lonstein (1994) reported that the prevalence of idio-
pathic scoliosis in radiographic studies in school popula-
tions varied between 0.3 and 15.3%; however, considering
only curves greater than 10°, the rates decreased to values
between 1.5 and 3%. In curves greater than 20°, preva-
lence occurred between 0.3 and 0.5% and in curves
greater than 30° the rate was between 0.2 and 0.3% [2].

The pathogenesis of idiopathic scoliosis remains
unknown and different factors have been suggested as
causal. Among these, the following should be highlighted:
deviation from the standard growth pattern, neuromus-
cular or conjunctive tissue alterations, asymmetric
growth of the limbs and trunk, alterations in the sagittal
configuration of the spine; and environmental factors [2-
5].
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Hereditary factors can also determine the etiology of
the disease; however, the pattern of inheritance remains
unknown. Autosomal dominant, X-linked and multifac-
torial patterns of inheritances have been reported [1-3,5-
8]. Segregation analysis has suggested a single gene as
major determinant of idiopathic scoliosis in patients with
curves equal to or greater than 11° (Axenovich et al.
1999). Other studies have suggested possible chromo-
some regions related to the etiology of idiopathic scolio-
sis, including a genetic locus for adolescent idiopathic
scoliosis linked to chromosome 19p13.3., considering
affected members as those individuals with curves
greater than 10°, without reference to the presence of
consanguinity [1,3,7-9].

The objective of this study is to determine a specific
chromosome region related to idiopathic scoliosis in a
family with multiple affected members and a high rate of
consanguinity in a small town in the outback of the State
of Paraiba, northeastern Brazil.

Methods
We investigated 57 members of a four-generation family
of Brazilian ancestry. Each family member who agreed to
participate was clinically examined. Characterization of
family members included sex, age and physical and ethni-
cal characteristics, such as biotype, as well as the degree
of deformity determined by the Cobb method using
standing anteroposterior spinal radiographs. All of the
members were skeletally mature at the time of assess-
ment.

The criteria for selecting the family included clinical
and radiological diagnosis of idiopathic scoliosis in at
least seven family members with scoliotic curves greater
than 15° according to the Cobb method. The family
selected for this research was chosen from a previous
study involving 100 families of patients with adolescent
idiopathic scoliosis, conducted by Wajchenberg et al
(2005) [5].

The proband underwent surgery for adolescent idio-
pathic scoliosis in 2002, due to a curve of 75°. An investi-
gation into the patient's family was conducted by means

of interviews and affected members were verified in Sao
Paulo and in the home town of the patient's family, Sao
Jose de Piranhas, in the outback of the State of Paraiba.

Family members were divided into three groups:
affected individuals, unaffected and suspected disease.
Affected members were classified as those presenting
clinical and radiological (curvature greater than 15°) signs
characteristic of the disease. Individuals suspected of
having the disease showed clinical and radiological signs
suggestive of idiopathic scoliosis (curvature between 5
and 14°), while unaffected individuals showed no signs of
the disease. The individuals were submitted to peripheral
blood collection for genomic DNA extraction and subse-
quent linkage analysis, using microsatellite markers from
the ABI PRISM® Linkage Mapping Set, Version 2,
(Applied Biosystems). The MERLIN program was used
for statistical analyses in order to calculate the lods (loga-
rithm of the odds ratios) scores, based on the consider-
ation that the family presented an autosomal dominant
pattern of inheritance with incomplete penetrance esti-
mated in 35% and allele frequency of 0.01%. Informed
consent was obtained from all subjects.

Results
Evaluation of familial history of the individuals studied
revealed an autosomal dominant pattern of transmission
(Figures 1 and 2), with 9 affected members, 12 unaffected
members and 36 members showing some characteristics
of the disease, classified as suggestive of idiopathic scolio-
sis.

Consanguinity was determined and in the heredogram
constructed, each family member was assigned a bold
underlined number. Linkage analysis was unable to deter-
mine a specific chromosome region related to the disease
in this study according to the tables (additional file 1) and
graphics (additional file 2) from chromosomes 1 to 22.

Discussion
The etiology and pattern of inheritance for the transmis-
sion of idiopathic scoliosis remain unknown, though
studies of families with multiple affected members sug-

Figure 1 Heredogram of the paternal lineage of the proband (III-3).
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gest that a single gene or limited number of genes are
linked to the disease. Recent studies have used an auto-
somal dominant pattern of transmission, with incomplete
penetrance and variable expressivity, to conduct linkage
studies [1,3,8,9].

This pattern was also observed in the family studied in
this study; however, the high level of consanguinity
observed should be highlighted, as well as the fact that
the family originates from a small town of approximately
15,000 inhabitants, for this reason, we also have done a
linkage analysis considering an autosomal recessive pat-
tern of inheritance and allele frequency of 0.01%. Never-
theless, we did not find any specific chromosome region
associated with the disease.

The criteria for characterization of an individual as
affected by the disease in the literature includes the pres-
ence of scoliosis equal to or greater than 10° as deter-
mined by the Cobb method, with vertebral rotation
observed in radiographs realized in the frontal position in
orthostasis [1-3,5-9].

Axenovich et al (1999) conducted segregation analysis
on 101 families with idiopathic scoliosis patients and
observed a monogenic, dominant pattern of inheritance,
using a diallelic model, considering individuals with cur-
vature greater than 11° as affected [6]. Wise et al (2000)
studied families whose probands presented curves equal
to or greater than 50° or who required corrective surgery.
Among the families analyzed in previous works, expres-
sive variation was observed in the spinal curve values of
affected patients, which suggests the possible influence of
other genetic and environmental factors [8]. In the pres-
ent study, we analyzed affected individuals with a physical
exam compatible with idiopathic scoliosis and radio-
graphs indicating curvature equal to or greater than 15°.
Individuals suspected of having the disease showed some
clinical sign and radiographs suggestive of idiopathic sco-
liosis, though a curvature greater than 10° was not con-
sidered obligatory. Thus, it was possible to construct a
heredogram with an autosomal dominant characteristic.
The family studied showed characteristics typical of idio-
pathic scoliosis; notably the individuals were Caucasian

and the female members were predominantly affected
(100%).

Since 2000, familial studies have been conducted in an
attempt to map the chromosome regions responsible for
idiopathic scoliosis. Wise et al (2000) suggested that
regions on chromosomes 6, 10 and 18 were related to
idiopathic scoliosis [8]. Salehi et al (2002) investigated
three generations of one family of Italian origin with 11
affected members who presented curves between 10 and
20° and an autosomal dominant pattern of inheritance
with complete penetrance [7]. Their study mapped a
region of approximately 20 cM on chromosome 17p11
linked to idiopathic scoliosis. In the same year, Chan et al
(2002) identified a region of 5.2 cM in the region 19p13
and reported a secondary candidate region on chromo-
some 2, while studying seven Chinese families with an
autosomal dominant pattern of inheritance and probands
with curves between 20 and 55° that required the use of a
brace or surgical treatment [9]. In 2005, Alden et al also
reported a region on chromosome 19 with potential links
to idiopathic scoliosis, when studying 1198 individuals
from 202 families that presented at least 2 affected mem-
bers with curves equal to or greater than 11°. However,
correlation with region 19p13 only occurred when ana-
lyzing families with probands with curvature equal to or
greater than 30° [3]. Ocaka et al (2008) studied 25 unre-
lated multiplex adolescent idiopathic scoliosis families
[1]. Of these, 24 families were Caucasian of British
descent, and one was of African-Caribbean origin. The
authors considered families with at least three affected
members who had curves equal to or greater than 10°,
with rotation. The probands had curves that required
orthopedic treatment, varying 20 and 55°. An autosomal
dominant pattern of inheritance with penetrance esti-
mated at 80% was verified. The authors reported two
chromosome regions potentially linked to adolescent
idiopathic scoliosis on chromosomes 9p34 and 17q25.

Conclusion
In the family analyzed in this study, it was not possible to
determine a chromosome region responsible for idio-
pathic scoliosis by investigation of genetic linkage. One

Figure 2 Heredogram of the maternal lineage of the proband (III-29).
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explanation for the inconclusive linkage analysis is the
possibility that the disease is not monogenic; it is also
possible that the genes involved do not contribute equally
to determining the phenotype in these patients.

Nevertheless, we continue to believe in the importance
of research involving families with numerous members
affected by idiopathic scoliosis. Our efforts now consist in
study the commons variations in the genome, like single
nucleotide polymorphisms (SNPs), using microarray
SNPs experiment, with the aim of determining chromo-
some regions linked to the disease.

Additional material

Competing interests
The authors declare that they have no competing interests.

Authors' contributions
MW carried out the conception and design of the study as well as the acquisi-
tion, analysis and interpretation of data. MZ conceived the study and partici-
pated in its design and coordination and helped to draft the manuscript. ML
carried out the molecular genetic studies. NC carried out the molecular
genetic studies. EBP conceived the study and participated in its design and
coordination and helped to draft the manuscript. DEM carried out critical revi-
sion of the study for important intellectual content. LL carried out the molecu-
lar genetic studies. EL gave final approval of the version to be published. All
authors read and approved the final manuscript.

Author Details
1Universidade Federal de São Paulo. Rua Borges Lagoa 783, 5th floor - Vila 
Clementino - Sao Paulo ZIP 04038-032, Brazil and 2Universidade de São Paulo, 
Rua do Matao, 277 Sala 211 - Cidade Universitaria - Butanta - Sao Paulo - ZIP 
05508-090, Brazil

References
1. Ocaka L, Zhao C, Reed JÁ, Ebenezer ND, Brice G, Morley T, Mehta M, 

O'Dowd J, Weber JL, Hardcastle AJ, Child AH: Assignment of two loci for 
autosomal dominant adolescent idiopathic scoliosis to chromosomes 
9q31.2-q34.2 and 17q25.3-qtel.  J Med Genet 2008, 45:87-92.

2. Lonstein JE: Adolescent idiopathic scoliosis.  The Lancet 1994, 
344:1407-1412.

3. Alden KJ, Marosy B, Nzegwu N, Justice CM, Wilson AF, Miller NH: 
Idiopathic scoliosis: Identification of candidate regions on 
chromosome 19p13.  Spine 2006, 31(16):1815-1819.

4. Lonstein JE: Idiopathic scoliosis.  In Textbook of scoliosis and other spinal 
deformities 3rd edition. Saunders. Philadelphia; 1995:219-256. 

5. Wajchenberg M, Puertas EB, Zatz M: Estudo da prevalência da escoliose 
idiopática do adolescente em pacientes brasileiros.  Coluna 2005, 
4(3):127-131.

6. Axenovich TI, Zaidman AM, Zorkoltseva IV, Tregubova IL, Borodin PM: 
Segregation analysis of idiopathic scoliosis.  Am J Med Genetic 1999, 
86:389-94.

7. Salehi LB, Mangino M, De Serio S, De Cicco D, Capon F, Semprini S: 
Assignment of a locus for autosomal dominant idiopathic scoliosis (IS) 
to human chromosome 17p11.  Hum genet 2002, 111:401-4.

8. Wise CA, Barnes R, Gillum J, Herring JA, Bowcock AM, Lovett M: 
Localization of Susceptibility to familial idiopathic scoliosis.  Spine 2000, 
25:2372-80.

9. Chan V, Fong GCY, Kuk KDK, Yip B, Lee MK, Wong MS: A genetic locus for 
adolescent idiopathic scoliosis linked to chromosome 19p13.3.  Am J 
Hum Genet 2002, 71:401-6.

doi: 10.1186/1748-7161-5-7
Cite this article as: Wajchenberg et al., Genetic aspects of adolescent idio-
pathic scoliosis in a family with multiple affected members: a research article 
Scoliosis 2010, 5:7

Additional file 1 Tables presenting the estimated multipoint LOD 
score at chromosomes 1 to 22.

Additional file 2 Graphics presenting the parametric analysis for 
dominant model at chromosomes 1 to 22.

Received: 26 January 2010 Accepted: 7 April 2010 
Published: 7 April 2010
This article is available from: http://www.scoliosisjournal.com/content/5/1/7© 2010 Wajchenberg et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.Scoliosis 2010, 5:7

http://www.biomedcentral.com/content/supplementary/1748-7161-5-7-S1.PDF
http://www.biomedcentral.com/content/supplementary/1748-7161-5-7-S2.PDF
http://www.scoliosisjournal.com/content/5/1/7
http://creativecommons.org/licenses/by/2.0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17932119
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16845357
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12384783
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10984791
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12094330


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /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 true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /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 false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


