
IJBPAS, August, 2012, 1(7): 991-1002   
ISSN: 2277–4998 

 

 
991 

IJBPAS, August, 2012, 1(7)   

A CLINICAL CASE STUDY ON PRELIMINARY MORPHOLOGICAL WITH 

MULTIPLE HEREDITARY EXOSTOSES IN A FAMILY 

VICHARE V*1, 2, KOKANE K1, KUTTY BC1, SHINDE RR3 AND GANGAWANE AK4 

1: Department of Biotechnology, Pillai’s College of Arts Commerce and Science, Dr. K. M. 

Vasudevan Pillai's Campus, New Panvel , Navi Mumbai- 410206 

2: CMJ University, Modrina Mansion, Laitumkhrah, Shillong, Meghalaya 

3: Shree Mulund Stanakwasi Jain Yuvak mandal’s Physiotherapy Clinic, Mulund, Mumbai. 

4: Department of Biotechnology, MGM School of Biomedical Sciences, Kamothe, Navi 

Mumbai-410209 

*Corresponding Author E Mail: vijay.vichare@gmail.com / v_v_vichare@yahoo.co.in 

ABSTRACT 

Multiple Hereditary Exostoses (MHE) is an autosomal dominant skeletal disorder showing 

cartilage capped outgrowths in areas of actively growing bones. The reported risk of malignant 

transformation is about 0.2% to 5%. The most common benign bone tumors are the 

Osteochondromas. About one in six osteochondromas arises within the context of Multiple 

Hereditary Exostoses. MHE is genetically heterogeneous and three genes ext1, ext2 and ext3 are 

involved. In this study we have reviewed four generations of a family with 32 living members, of 

which 13 are diagnosed with multiple exostoses. One had been operated for chondrosarcoma, 

giving the risk for malignant transformation as high as 7.6%. The clinical and radiological 

outcome of these 13 HME patients (9 families) was investigated by medical history, clinical 

examination and radiographs. This study corresponds to data of investigators stating that patients 
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with multiple heredity exostoses carry a relatively high risk of malignant transformation. These 

probands should be informed about this possibility and regularly reviewed.  

Keywords: Multiple Hereditary Exostoses, Chondrosarcoma, Malignant, ROM, 
Excrescences 

INTRODUCTION 

Multiple Heredity Exostosis (MHE) is a 

heterogeneous autosomal dominant disorder 

in which the penetrance is from 96% to 100% 

[1, 2, 3, 4 & 5]. Multiple Hereditary 

Exostoses (MHE) is a rare medical condition 

in which multiple bony spurs or lumps (also 

known as exostoses, or Osteochondromas) 

develop on the bones of affected patient. The 

synonyms used for the disorder are Multiple 

Osteochondromas (MO) MIM 133700, 

Heredity Multiple Exostoses (HME) and 

Multiple Heredity Exostoses (MHE) [6]. 

The most common benign bone tumors are 

the Osteochondromas. About one in six 

osteochondromas arises within the context of 

Multiple Ostechondromas (MO, Heredity 

Multiple Exostoses (HME)) [6]. Multiple 

Osteochondromas (MO) /  Multiple Heredity 

Exostoses (MHE) is an autosomal dominantly 

inherited disorder in which there are 

numerous cartilage capped excrescences  in 

areas of actively growing bones.  MHE is a 

heterogeneous skeletal disorder in which the 

penetrance is from 96% to 100% [7].  It is 

characterized by multiple outgrowing bony 

tumors capped by cartilage, mostly affecting 

the metaphyses, but also the juxta-metaphyses 

of the long bones of the upper and lower 

limbs [8, 9 & 10]. Usually the skull is not 

involved, while flat bones, vertebrae and the 

ribs may also be affected. There are numerous 

cartilage capped protuberances at the juxta-

epiphyseal areas of the axial skeleton which 

are usually detectable before the age of 12 

years.  The Exostoses grow during the 

childhood and may cause symptoms as a 

result of compression of local tissues, 

deformities and discrepancies of length [11, 

12 & 13].  Typically they appear in the 

metaphyseal regions of the distal and 

proximal tibia, distal femur, proximal 

humerus and in the pelvis and scapula. The 

affected individuals tend to be short. Relative 

shortening of the ulna is common with 

bowing of the forearm. Distal varus deformity 

of the femur and valgus deformity of the tibia 

may occur. With a high inter and intrafamilial 

variability, clinical expression of MHE is 

more frequent and severe in males than in 

females. A serious complication of MHE is 
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the malignant transformation of an exostosis 

to chondrosarcoma and rarely to malignancies 

[14]. The prevalence of MHE is estimated at 

1:50,000 persons within the general 

population and seems to be higher in males 

(males to females’ ratio 1.5:1) [15-19]. The 

genetic heterogeneity has been shown by 

detection of at least three gene loci for MHE 

at which mutations cause the same or similar 

clinical phenotypes. These three different loci 

identified by linkage analyses and positional 

cloning are: EXT1 (MIM*608177; 8q24.11-

q24.13) [1, 7, 4, 25 & 29]. The responsible 

gene for MHE phenotype had been identified 

at EXT1 and EXT2, namely exostosin 1 and 2 

(EXT1, EXT2) [20-24] and they belong to a 

family of predicted tumor suppressor genes 

while gene at EXT3 has not yet been 

identified. MHE is genetically heterogeneous 

as three EXT loci have been identified so far. 

EXT1 (MIM 133700) has been mapped to 

chromosome 8q23-24, 5 EXT2 (MIM 133701) 

to chromosome 11p11-p12, 6 and EXT3 

(MIM 600209) to chromosome 19p [25-27]. 

MHE can cause pain to people of all ages. To 

children, this can be especially painful. 

During exercise, it can cause a lot of pain. 

MHE is characterized by the growth of 

cartilage-capped benign bone tumors around 

areas of active bone growth. MHE can lead to 

the shortening and bowing of bones; affected 

individuals often have a short stature. 

Depending on their location the exostoses can 

cause the following problems: pain or 

numbness from nerve compression, vascular 

compromise, inequality of limb length, 

irritation of tendon and muscle, as well as a 

limited range of motion at the joints upon 

which they encroach. In some patients, HME 

leads to functional and cosmetic alterations as 

well as bony deformities (e.g., varus or valgus 

deviation of the knees, coxa valga). Growth 

disturbances of the legs (e.g., trumpet-shaped 

metaphysis), forearms e.g., shortening of the 

ulna with secondary bowing of the radius and 

development of a pseudo-Madelung 

deformity), and hands (e.g., short metacarpal) 

are frequent manifestations. Exostoses located 

close to the joints may limit range of motion 

(ROM) and interfere with growth, therefore 

leading to small stature. Complications in 

HME include fractures, bursal irritations, and 

impingement of adjacent structures (tendons, 

nerves, vessels) [28, 29]. A person with MHE 

has an increased risk of developing a rare 

form of bone cancer called chondrosarcoma 

as an adult. The reported rate of 

transformation ranges from as low as 0.57% 

to as high as 8.3% of people with MHE.  

MHE begins to manifest itself in childhood 



Vichare V et al                                                                                                                              Research Article 
 

 
994 

IJBPAS, August, 2012, 1(7)   

and currently has no cure. Surgery, physical 

therapy and pain management are 

currently the only options available to HME 

patients, but success varies from patient to 

patient and many struggle with pain, fatigue 

and mobility problems throughout their lives. 

It is not uncommon for HME patients to 

undergo numerous surgical procedures 

throughout their lives to remove painful or 

deforming exostoses, correct limb length 

discrepancies or improve range of motion. 

Based on severity, growth progression, 

localization of exostoses, and patient’s 

complaints, different treatment options were 

applied for HME. These include  surgical 

removal of exostoses if the tumor causes pain, 

interferes with joint or muscle function, 

compress nerves or vessels, or leads to 

deformities [29]. The range of motion refers 

to the distance and direction a joint can move 

to its full potential. Each specific joint has a 

normal range of motion that is expressed in 

degrees after being measured with a 

goniometer which is an instrument that 

measures angles from axis of the joint. 

The purpose of this study was to investigate 

the probability of occurrence of the disorder 

in the next generation and to observe the 

penetrance rate.  This study would be indeed 

an initial step towards understanding the 

inheritance pattern of the disorder. Also, the 

clinical studies would highlight the disability 

percentage of those affected probands 

depending upon the number of excrescences 

observed in the patient. 

MATERIAL AND METHODS 

Multiple Hereditary Exostoses affected 

patients are identified and their consent form 

is filled up as per the format and guidelines 

given by Medical Council of India. 

An evaluation proforma is filled by a certified 

medical practioner wherein details of the 

patient are filled up and certified by the 

doctor. The following parameters are 

recorded and evaluated: patient’s age, also 

age of first clinical manifestation, details of 

any surgeries (indication, the number and 

location of previous surgeries) and family 

history. Clinical examination including 

registration of all palpable exostoses, 

measurements of the ROM (Range of Motion) 

in different joints (shoulder, elbow, wrist, hip, 

and knee), length of the upper and lower arm 

as well as of the upper and lower leg (clinical 

evaluation using a measuring tape). X-rays 

were analyzed to detect the further palpable 

exostoses. Based on the details obtained, the 

pedigree analysis and the distribution of 

exostoses in different anatomical areas are 

prepared and tabulated. 
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Figure 1: Radiograph Showing Exostoses on Right Femur   Figure 2:  Bowing of Radio Ulna in MHE patient 
 

RESULTS AND DISCUSSION 

Based on the family history details obtained 

from the evaluation proforma, the pedigree 

analysis of the patients is studied and the 

corresponding pedigree chart is prepared.  

The characteristic of pedigree analysis of the 

family affected with MHE is as follows: 

Based on the pedigree chart, the genetic trait 

observed is autosomal dominant because of 

the following characteristics: 1. The genetic 

trait does not skip any generations 2. Affected 

offspring have an affected parent 3. 

Unaffected parents do not transmit the trait 4. 

When one parent is affected and the other 

parent is unaffected, more than half of the 

offspring are affected 

The probability of the disease occurring in the 

second generation is 50%; while from second 

to third generation is 50% and 75% 

respectively and that in fourth generation is 

100%, 100%, 100% and 33.33%. The 

penetrance probability of the disorder is 100% 

since in every generation some individuals are 

affected while expressivity of the disorder is 

different for different individuals in the 

family depending upon the percentage of 

signs and symptoms observed on diagnosis. 
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In the prospective clinical study, the 

morphological and functional outcome of 6 

HME patients (1 family) was investigated. All 

the patients analyzed were clinically affected 

by M.H.E.  

Out of 23 evaluated exostoses, 39.13% were 

located at the Upper half of the body and 

60.86% were located at the lower half of the 

body. Exostoses were found in decreasing 

numbers in different regions as follows: tibia 

>femur > radius > Ulna > Humerus. In the 

present investigation no exostoses were 

reported in case of clavicle, sternum, hand, 

fibula and foot. Figure below shows the 

distribution of exostoses at different anatomic 

regions in percentages 

Range of Motion was affected discusses 

below: Case 1-   Location of Exostoses with 

numbers   

Because of presence of exostoses in radial 

bone, the pronation and supination of the 

radius was affected by 30ο and 85ο 

respectively. In case of wrist radial deviation 

was also restricted. The exostoses at the 

femur and tibial region affected the flexion 

and extension of the knees significantly.  

 Case 2- Location of Exostoses with 

numbers 

The exostoses in the radius bone affected the 

pronation and supination of the radius by 60ο 

and 80ο along with restriction in radial and 

ulna deviation. The external and internal 

rotation of the hind limbs (femur) was found 

to be restricted in case of right leg along with 

restriction observed in dorsiflexion and 

plantar flexion of the ankle bones. The flexion 

and extension of the knees were also found to 

be restricted.   

Case 3-Location of Exostoses with numbers 

Only one exostoses was reported in the tibial 

bone of the patient. The exostoses did not 

affected range of motion in hind limbs. 

Case 4- Location of Exostoses with 

numbers. 

Two exostoses were reported at the tibial 

bone of the patient affecting the flexion and 

extension of the knee. The dorsiflexion was 

also found to be restricted. 
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Case 5- Location of Exostoses with 

numbers 

The shoulder showed terminal restriction 

bilaterally due to presence of 2 exostoses at 

the humerus. The flexion and extension of the 

elbow was affected by 10ο respectively. The 

pronation and supination was affected by 85ο 

and 80ο while the flexion and extension of the 

wrist was affected by 40ο and 30 ο 

respectively. 

Case 6- Location of Exostoses with 

numbers 

The flexion and extension of the elbow was 

terminally restricted bilaterally. The pronation 

and supination was affected by 10ο and 30ο 

respectively. The exostoses at the hind limbs 

restricted the flexion and extension of the 

knees by 90 ο and the dorsiflexion and plantar 

flexion of the ankle was also found to be 

restricted. In our study, the pedigree analysis 

reveals that the condition has autosomal 

dominant pattern of inheritance in the family. 

Also, we found that more number of 

exostoses are present at the upper half of the 

body than in lower half. Significant limb 

shortening is predominant at the upper 

extremity than in lower ones. We also found 

that all the affected patients in our study 

showed a restriction of more than 150 in one 

or more joints. 

 

COMPARITIVE MASTER CHART OF ANALYSIS 
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CONCLUSION 

The penetrance probability of the disorder is 

100% since in every generation some 

individuals are affected while expressivity of 

the disorder is different for different 

individuals in the family depending upon the 

percentage of signs and symptoms observed 

on diagnosis. The transformation of 

malignancy may be reported to the severity of 

the disorder explaining the number of 

exostoses and the location of the bony 

outgrowths. It is clarified in our study that the 

ROM is affected to a larger extent in case of 

patients showing excrescences at the lower 

half of the body.   

ACKNOWLEDGEMENT 

The authors express thank to Dr. Ruturaj 

Shinde (P.T), Prof. A.N.Kutty, Vice Principal, 

Pillai’s College of Arts Commerce and 

Science, and all the faculty members from 



Vichare V et al                                                                                                                              Research Article 
 

 
999 

IJBPAS, August, 2012, 1(7)   

Department of Biotechnology, Pillai’s 

College, for their valuable time and support 

extended for completing the study.   

REFERENCES  

[1] Ahn J, Ludecke H, Lindow S, Horton 

WA, Lee B, Wagner MJ and 

Horsthemke B, Cloning of the 

putative tumour suppressor gene for 

hereditary multiple exostoses, Nat 

Genet., 11, 1995, 137–143.  

[2] A Kivioja, Ervasti H, Kinnunen J, 

Kaitila I, Wolf M. and Bohling T, 

Chondrosarcoma in a family with 

multiple hereditary exostoses, The 

Journal of Joint and Bone surgery, 82-

B (2), 2000. 

[3] Bove´e JVMG, Cleton-Jansen AM, 

Kuipers-DykshoornNJ, Van den 

Broek LJCM, Taminiau AHM, 

Cornelisse CJ and Hogendoorn PCW, 

Loss of heterozygosity and DNA 

ploidy point to a diverging genetic 

mechanism in the origin of peripheral 

and central chondrosarcoma, Genes 

Chromosomes Cancer, 26(3), 1999, 

237-46 

[4] Buhler EM. & Malik NJ, The tricho-

rhino-phalangeal syndrome(s): 

chromosome 8 long arm deletion there 

a shortest region of overlap between 

reported cases: TRP I and TRP II 

syndromes: are they separate entities, 

Am J Med Genet., 19, 1984, 113–119. 

[5] Busse M, Feta A, Presto J, Wilen M, 

Gronning M, Kjellen, L & Kusche-

Gullberg M, Contribution of EXT1, 

EXT2, and EXTL3 to heparan sulfate 

chain elongation, J Biol Chem., 282, 

2007, 32802–32810. 

[6] Byung-Taek Kim, Hiroshi Kitagawa, 

Jun-ichi Tamura, Toshiyuki Saito, 

Marion Kusche-Gullberg, Ulf Lindahl, 

and Kazuyuki Sugahara, Human 

tumor suppressor EXT gene family 

members EXTL1 and EXTL3 encode 

a1,4-N-acetylglucosaminyltransferases 

that likely are involved in heparan 

sulfate/heparin biosynthesis, PNAS, 

98(13), 2001, 7176–7181. 

[7] Cook A, Raskind W, Blanton SH, 

Pauli RM, Gregg RG, Francomano 

CA, Puffenberger E, Conrad EU, 

Schmale G, Schellenberg G, Wijsman 

E, Hecht JT, Wells D and Wagner MJ, 

Genetic heterogeneity in families with 

hereditary multiple exostoses, Am J 

Hum Genet, 53, 1993, 71–79. 

[8] Christophe Philippe, Daniel EP, Mark 

EE, Dan EW, Hamish A, Simpson 

RW and Anthony P Monaco, Mutation 



Vichare V et al                                                                                                                              Research Article 
 

 
1000 

IJBPAS, August, 2012, 1(7)   

Screening of the EXT1 and EXT2 

Genes in Patients with Hereditary 

Multiple Exostoses, Am. J. Hum. 

Genet., 61, 1997, 520-528. 

[9] Duncan G, McCormick C and Tufaro 

F, The link between heparan sulfate 

and hereditary bone disease: finding a 

function for the EXT family of 

putative tumor suppressor proteins, J 

Clin Invest., 108, 2001, 511–516. 

[10] Pedrini E, De Luca A, Valente EM, 

Maini V, Capponcelli S, Mordenti M, 

Mingarelli R, Sangiorgi L, and 

Dallapiccola B, Novel EXT1 and 

EXT2 Mutations Identified by 

DHPLC in Italian Patients with 

Multiple Osteochondromas, Human 

Genome variation Society, 23(3), 

2005, 280. 

[11] Ganguly S, Adhya D, Diaphyseal 

aclasia, Indian Pediatr., 37(9), 2000, 

1021-2.  

[12] HE-Hong Bo, Hu-Zhang- Moa, ZHO 

Yong, Denaturing Gradient gel 

electrophoresis in the genetic 

diagnosis of heredity multiple 

exostoses, J Cent South Univ (Med 

Sci), 2007. 

[13] Heinritz W, Pretzsch M, Koall S, 

Matzen PF and Froster UG, 

Hereditary multiple exostoses 

molecular genetic analysis of the 

EXT1 gene in an unusual family, 

Orthopade, 34, 2005, 470–476. 

[14] JVMG Bov ee, Hameetman L, Kroon 

HM, Aigner T and Hogendoorn PCW, 

EXT-related pathways are not 

involved in the pathogenesis of 

dysplasia epiphysealis hemimelica and 

metachondromatosis, J Pathol., 209, 

2006, 411–419 

[15] Judith VMG, Bovee, Multiple 

Osteochondromas, Journal of Rare 

Disorders, 3 (3), 2008. 

[16] Jacqueline T, Hecht, Deborah 

Hogue,Louise C. Strong, Marc F. 

Hansen, Susan H Blanton, Michael 

Wagner, Hereditary multiple exostosis 

and chondrosarcoma: linkage to 

chromosome II and loss of 

heterozygosity for EXT-linked 

markers on chromosomes II and 8, 

Am. J. Hum. Genet., 56, 1995, 1125-

1131. 

[17] Lonie L, Porter DE, Fraser.M, Cole 

T, Wise C, Yates L, Wakeling E, Blair 

E, Morava E, Monaco AP, and 

Ragoussis J,  Determination of the 

Mutation Spectrum of the EXT1/EXT2 

Genes in British Caucasian Patients 



Vichare V et al                                                                                                                              Research Article 
 

 
1001 

IJBPAS, August, 2012, 1(7)   

with Multiple Osteochondromas, and 

Exclusion of six candidate genes in 

EXT negative cases, Human Genome 

variation Society, 27 (11), 2006, 1160. 

[18] Lind T, Tufaro F, McCormick C, 

Lindahl U, Lidholt K, The putative 

tumor suppressors EXT1 and EXT2 

are glycosyltranserases required for 

the biosynthesis of heparin sulfate, J 

Biol Chem., 1998, 273, 26265 –

26268. 

[19] Marcus Jager, Bettina Westhoff, 

Sebastian Portier, Barbara Leube, 

Karin Hardt, Georg Gobhegger and 

Rudiger Krauspe, Clinical outcome 

and genotype in patients with heredity 

Multiple exostoses,  J Orth Reasearch, 

25 (12), 2007, 1541-1551. 

[20] McCormick C, Leduc Y, Martindale 

D, Mattison K, Esford LE, Dyer AP, 

Tufaro F, The putative tumour 

suppressor EXT1 alters the expression 

of cell-surface heparin sulfate,  Nat 

Genet., 19, 1998, 158–161. 

[21] Miller SA, Polesky HF, A simple 

salting out procedure for extracting 

DNA from human nucleated cells, 

Nucleic Acids Res., 16, 1988, 1215. 

[22] Porter DE, Lonie L, Fraser M, 

Dobson-Stone C, Porter JR, Monaco 

AP and Simpson AH, Severity of 

disease and risk of malignant changes 

in hereditary multiple exostoses: 

genotype-phenotype study, J Bone 

Joint Surg Br., 86, 2004, 1041–1046. 

[23] Planning Divison, MMRDA, 

Population and Employment profile of 

Mumbai metropolitan region 

population, Publications MMRDA, 

Mumbai, 2003, 6-8. 

[24] Stickens D, Clines G, Burbee D, 

Ramos P, Thomas S, Hogue D, Hecht 

JT, Lovett M and  Evans GA, The 

EXT2 multiple exostoses gene defines 

a family of putative tumour suppressor 

genes, Nat Genet., 14, 1996, 25–32. 

[25] Vanita V, Sperling K, Sandhu HS, 

Sandhu PS, Singh JR, Novel EXT1 

and EXT2 mutations in hereditary 

multiple exostoses families of Indian 

origin, Genet Test Mol Biomarkers, 

13(1), 2009, 43-9. 

[26] Wuyts W, Van Hul W, De Boulle K, 

Hendrickx J, Bakker E, Vanhoenacker 

F, Mollica F, Mutations in the EXT1 

and EXT2 genes in hereditary multiple 

exostoses, Am J Hum Genet., 62, 

1998, 346–354 

[27] Wuyts W, Van Hul W, Wauters J, 

Nemtsova M, Reyniers E, Van Hul E, 



Vichare V et al                                                                                                                              Research Article 
 

 
1002 

IJBPAS, August, 2012, 1(7)   

De Boulle K, Positional cloning of a 

gene involved in hereditary multiple 

exostoses, Hum Mol Genet., 5, 1996, 

1547–1557 

[28] Wolfram Heinritz, Ulrike Huffmeier, 

Sibylle Strenge, Bianca Miterski, 

Christiane Zweier, Steffen Leinung, 

Axel Bohring, Beate Mitulla, Usha 

Peters and Ursula G Froster, New 

Mutations of EXT1 and EXT2 Genes 

in German Patients with Multiple 

Osteochondromas,  Annals of Human 

genetics , 2009, 283-291 

[29] White SJ, Vink GR, Kriek M, Wuyts 

W, Schouten J, Bakker B, Breuning  

MH. and Den Dunnen JT, Two color 

multiplex ligation-dependent probe 

amplification: detecting genomic 

rearrangements in hereditary multiple 

exostoses, Hum Mutat., 24, 2004, 86–

92. 

 

 


