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Abstract

Background Multiple ostechondromas (MO) is an auto-

somal dominant inherited disease caused by mutated

exostosin genes. It mostly affects the long bones and can

lead to growth disturbances, especially disproportionate

short stature. Both the local effect on growth plates and the

systemic influence of the gene disorder on growth mech-

anisms might explain the diminished stature.
Purpose The hypothesis of this study is that the dimin-

ished stature in adults with MO is due to a systemic

influence, leading to early skeletal maturation and early

closure of the growth plate. Therefore, in these patients the

skeletal age in adolescence is hypothesized to be higher

than the calendar age.

Methods Radiographs of the left hand were collected

from 50 MO-affected children. The skeletal age was cal-

culated using these radiographs according to the Greulich–

Pyle bone scale and was compared to the calendar age at

the time of radiography.

Results Children aged 3–12 years had a significantly

lower skeletal age compared to their calendar age

(p = 0.030). Children aged 12–17 years had a significantly

higher skeletal age (p = 0.019), especially boys. Skeletal

maturation in children with MO therefore differs from their

peers.

Conclusion In this study, the skeletal age in younger

children with MO is lower than their calendar age. For

adolescents, particularly boys, this is reversed, suggesting

an earlier or faster closure of the growth plates. These

findings support a systemic influence of the gene defect on

growth rate.

Keywords Multiple osteochondromas (MO) � Multiple

hereditary exostoses (MHE) � Osteochondroma �
Diminished stature

Introduction

Multiple ostechondromas (MO), sometimes referred to as

multiple hereditary exostoses (MHE) is characterized by

the outward growth of cartilage-capped bone tumours

called osteochondromas. It is an autosomal dominant

inherited disorder caused by mutated exostosin genes

(EXT1 or EXT2) [1]. The osteochondromas develop in the

first decade of life and cease to grow once the patient

reaches skeletal maturity. The long bones are almost

always affected but osteochondromas are also found on the

scapula, the ribs and the pelvis. MO can lead to growth

disturbances including unequal limb length, joint deformity

and disproportionate short stature [2–6]. A considerable

number of patients suffer from pain or discomfort due to

the disorder which significantly affects their quality of life

[7]. Diminished or short stature is a common feature in
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patients with MO. In the majority of patients their height is

below normal average height, but within a normal range

[7–9]. The origin of this short or diminished stature in MO

patients is still unknown. Hypothetically it might be due to

a local effect from osteochondromas on the local growth

plates or it might be due to a systemic effect.

The local effect of osteochondromas on the growth plate

is generally known to lead to leg length discrepancy,

Madelungs deformity and other growth disturbances. An

analysis by Porter et al. in 2000 showed an inverse corre-

lation between osteochondroma size and relative bone

length, suggesting that growth retardation in MO might

result from the local effects of enlarging osteochondromas

rather than a systemic effect caused by skeletal dysplasia

[10]. Several studies have described the systemic influence

of the gene defect and its relationship with the growth plate

as a possible cause of the short or diminished stature. Jones

et al. [32] demonstrated in a mouse genetic model that mice

with osteochondromas had shorter femora and tibiae than

controls. The volume of the osteochondromas, however,

did not correlate with longitudinal shortening. In their

model, loss of heterozygosity for EXT1 was sufficient to

drive bone shortening. Other mouse models of MO have

provided more information about the pathogenesis of

osteochondromas and the role of heparin sulphate (HS) in

normal growth plate development [11–13].

Both the local effect of osteochondromas and the sys-

temic HS-influencing effect of the EXT genes may explain

the diminished stature observed in patients with MO.

Furthermore, we also know that MO-affected adults have a

shorter stature than expected. However, a study by Clement

et al. in 2012 showed that this diminished stature is rela-

tive, i.e., in the adolescent age group the stature of MO

children seemed to be taller than their peers without the

disorder [14]. Hypothetically, the discrepancy between the

relatively long stature during adolescence and the dimin-

ished stature in adulthood could be due to a systemic

influence affecting the maturation of the epiphyses. This in

turn could lead to early puberty and early closure of the

growth plate. The EXT gene disorder affects HS synthesis,

which could have a systemic effect or influence on the

moment of growth plate closure.

Because skeletal maturation is controlled by hormones,

and the same hormones also govern the timing of puberty

and might be influenced by systemic gene defects in the

EXT genes, the hypothesis of this study is that the relatively

long stature during adolescence and the diminished stature

in adults with MO is due to a systemic influence leading to

early maturation of the epiphysis and early closure of the

growth plate. If so, the skeletal age in adolescence should

be higher than the related calendar age.

The aim of this study is to test the hypothesis that the

epiphyses close early in MO-affected children.

Materials and methods

Data were collected from the joint MO database of the two

national tertiary referral centres for MO—the OLVG in

Amsterdam and Maastricht University Medical Centre.

Fifty patients \20 years of age were selected from this

database for whom a radiograph of the left hand had been

made for clinical indications between 1995 and March

2015. The Greulich-Pyle method, which has been

described previously [15], was used to determine the

skeletal age. Briefly, this method uses a standardised set of

X-rays of the left hand and wrist, against which the image

of the subject is compared.

Two independent radiologists, both highly experienced

in skeletal maturity assessment evaluated the X-rays of all

50 patients. Both radiologists were blinded to the original

report and the calendar age. When the two independent

readings were concordant, i.e.,\6 months difference, the

average was used. In the case of discordance, the images

were re-evaluated by the two radiologists until consensus

was reached. The calendar age and skeletal age were

recorded in years and months. For statistical analyses,

paired t test was used.

Results

There were 23 males and 27 females in the study. Skeletal

age could be measured in all patients, despite the presence

of osteochondromas in all patients and severe deformation

of the wrist in 11 patients. The epiphyseal lines were

assessable in all radiographs. The calendar age of the

patients varied from 3 years and 9 months to 19 years and

3 months. There were 11 patients aged 3–8 years at the

time of radiography, 16 patients aged 8–12 years, 18

patients aged 12–17 years, and five patients aged

17–20 years. The average calendar age was 11 years and

6 months (SD 4.2 years). All results are shown in Table 1.

In the MO-affected children \12 years of age the

average skeletal age was less than their calendar age in

both boys and girls. In this group, the average skeletal age

was 7.39 and the average calendar age was 7.79

(p = 0.030). In the group aged 12–14 years there seemed

to be no difference between the MO-affected children and

their unaffected peers. In the children aged[14 years the

skeletal age overtook the calendar age; this was more

pronounced in boys than in girls (Figs. 1, 2).

Adolescents between 12 and 17 years had a signifi-

cantly older skeletal age compared to their peers

(p = 0.019). The average calendar age was 13.95 and the

average skeletal age was 14.37. As seen in Fig. 1 for boys

and Fig. 2 for girls, the difference was mainly caused by

the skeletal age of the boys in this group; the boys
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between 12 and 17 years had a significantly older skeletal

age with a p value of 0.011.

There was no statistical difference[17 years of age.

Discussion

The present study shows that the skeletal age and calendar

age in MO children are different from their peers. The

skeletal age seems lower in younger children and higher in

adolescents. The turning point occurs around the age of 12

at the start of adolescence. Possibly, the growth plates in

patients with MO close earlier or faster, particularly in

boys.

Our results support the results from a study performed

by Clement et al. in 2012 which showed that the final

diminished stature of MO patients was relative. They

reported that in the adolescent age group the stature of MO

children was taller than their peers without the disorder, and

[15 years was shorter than their peers, particularly the

reduction in leg length [14]. The younger skeletal age in

the preadolescent children can explain their relatively

longer stature. A younger skeletal age is assessed when the

growth plates are wider; the wideness of the growth plates

can be caused by the systemic effect of the EXT genes.

Several studies have described the systemic influence of

the gene defect. Stieber et al. [9] concluded that chondro-

cytes lacking functional HS influence physeal signalling in

general, rather than stealing growth potential focally. Koziel

et al. [11] described a genetic mouse line expressing a

truncated form of EXT1 that displayed shortened skeletal

elements and fused vertebrae. EXT genes belong to a family

of glycosyltransferases necessary for the synthesis of the HS.

HS regulates signalling of several growth factors. Reduced

HS synthesis results in an elevation of Indian hedgehog

(Ihh), a protein involved in chondrocyte differentiation.

Misexpression of Ihh causes, amongst others, changes in the

expression of pro-chondrogenic bone morphogenetic pro-

teins (BMPs) which alter the differentiation of cells in the

growth plate as well as the bordering perichondrium [12].

Members of both the BMP and fibroblast growth factor

(FGF) families are expressed in growth plate and/or peri-

chondrium and are a part of interactive loops regulating Ihh

and parathyroid hormone-related protein expression and the

overall growth plate activities [12, 13]. HS is needed to

restrain pro-chondrogenic signalling proteins and restricts

Table 1 Calendar age versus

skeletal age (years) of all 50

MO-affected patients

Patient no. Calendar age Skeletal age Patient no. Calendar age Skeletal age

1 3.75 3.5 26 11.58 12

2 4.5 3.5 27 11.92 12

3 4.75 3.5 28 12 12

4 5.25 5 29 12 13

5 5.58 5 30 12.67 12

6 5.83 5.83 31 13.5 14.75

7 5.83 5 32 13.75 14

8 5.92 5.75 33 13.83 14.5

9 6.42 6.83 34 14 15

10 6.5 8 35 14.08 14

11 7 6.83 36 14.67 15.5

12 8 6 37 14.75 17

13 8.25 7.83 38 15.33 16

14 8.67 7.83 39 15.33 15.5

15 8.67 8 40 15.42 15.5

16 8.92 7.83 41 15.5 14.75

17 9.67 8.83 42 15.5 15

18 9.75 10 43 15.67 16

19 10 8.83 44 16 16

20 10.08 10 45 17 16

21 10.08 11 46 17.08 17

22 11.08 9 47 18 18

23 11.17 12 48 18.08 18

24 11.42 11.5 49 18.75 19

25 11.58 13 50 19.25 19
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chondrogenesis. If the HS levels are low this process is

disturbed and could lead to increased chondrogenic activity

including the activity of cartilage cells in the growth plate,

which might lead to wider growth plates. Because HS also

influences Ihh activity and Ihh appears to orchestrate

chondrocyte proliferation, this might be a second cause for

the wider growth plates in preadolescent MO children and

thus the relatively young skeletal age [16, 17].

The systemic effect of the genetic disorder can also

explain the older skeletal age in adolescent children due to

earlier closing of their growth plates. Ihh is essential for

normal chondrocyte maturation, regulating both prolifera-

tion and differentiation. It also regulates proliferation of

chondrocytes by directly controlling the rate of cell divi-

sion of columnar/proliferative chondrocytes [18, 19].

Inactivation of Ihh in chondrocytes leads to abrupt fusion

of the epiphyseal growth plate in mice [20, 21]. In humans

an inactivating mutation in Ihh results in acrocapitofemoral

dysplasia, which is associated with premature closure of

the growth plates [22–26].

Several studies showed that the stature was more

severely affected in patients with an EXT1 mutation [14,

27, 28]. In this study we did not subselect the different gene

defect genotypes and therefore cannot contribute to this

discussion.

Both mice and human studies showed that the relatively

short stature was disproportionate. The sitting height was

less affected than leg length indicating more involvement

of the limbs than of the axial skeleton [29, 30]. This phe-

nomenon can also be explained by the early closure of the

growth plate of the distal femur. The femoral contribution

to length is not consistent during growth—approximately

70 % of growth in the femur occurs at the distal growth

plate but the proportion of growth occurring in the distal

femoral growth plate varies with age, from 55–60 % at

approximately 7 years of age to 90 % at 14-16 years [31].

This explains why early closure of the growth plates can

lead to relatively short femora and therefore legs, as

femoral growth potential is lost.

All of the above seem to support the systemic skeletal

dysplasia theory rather than local origin of the dispropor-

tional growth. This contradicts the findings of Porter et al.

who described a clinical and radiographic analysis of

paired bone length in a MO cohort. They found that the

local presence of osteochondromas was associated with

growth disturbance, and there was an inverse correlation

Fig. 1 Results of the boys (\17

years) plotted (blue diamonds)

and their average (black line).

The grey line represents the

normal line
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between osteochondroma size and relative bone length.

Their conclusion was that growth retardation might result

from a local effect [10]. Of note, half of their study patients

were adults, and this might have influenced their findings.

Their study was performed using radiographs of the fore-

arm to compare the length of the two forearm bones;

however, since the epiphysis in these bones does not grow

at the same rate, the growth might be influenced at a dif-

ferent pace. Moreover, the position of the osteochondromas

might play an important role in the forearm, since the

interosseous membrane connects the two bones and the

relative position of the osteochondroma in relation to this

membrane might play a role in growth disturbance. The

forearm bones cannot be measured as two separate bones

because of their close relationship. Furthermore, the find-

ing of the inverse correlation could be due the severity of

the disease rather than the actual size of osteochondromas.

More and bigger osteochondromas means more severe MO

and thus more influence of the gene dysfunction on the

biochemical setup. A mouse study by Jones also does not

support the relationship between the volume of osteo-

chondromas and the growth plate influence [32].

An obvious limitation to the present study is the inter-

individual variation in the skeletal age. Different popula-

tion groups mature at different speeds. For instance,

healthy living children mature faster than children living

under poor conditions. Furthermore, the standard deviation

of skeletal age at a given age can vary by approximately

1 year. The number of patients in this study is relatively

low to compensate for this large deviation. For future

studies we advocate selecting larger numbers of patients

and dividing them by their genotype. In this way, the

underlying gene defect and its relationship on growth dis-

turbance can be analysed.

This study has shown the skeletal age in MO patients

differs from their calendar age. This is of direct clinical

relevance in the planning of epiphysiodesis in leg length

discrepancy and hemi-epihysiodesis in axial deformities in

MO patients, especially boys. Individual longitudinal fol-

low-up of bone growth is advised.

Conclusion

The skeletal age in younger children with MO is lower than

their calendar age, while for adolescent boys it is higher.

The turning point occurs around the start of adolescence.

This phenomenon may explain the diminished stature in

MO patients. These findings support a systemic influence

of the gene defect on growth rate.

Fig. 2 Results of the girls (\17

years) plotted (blue diamonds)

and their average (black line).

The grey line represents the

normal line

J Child Orthop (2015) 9:397–402 401

123



Compliance with ethical standards

Funding No funding was received for this research.

Conflict of interest All authors declare that they have no conflict of

interest.

Ethical approval For this type of study formal consent is not

required.

Open Access This article is distributed under the terms of the

Creative Commons Attribution 4.0 International License (http://crea

tivecommons.org/licenses/by/4.0/), which permits unrestricted use,

distribution, and reproduction in any medium, provided you give

appropriate credit to the original author(s) and the source, provide a

link to the Creative Commons license, and indicate if changes were

made.

References

1. Wuyts W et al (2000) Hereditary multiple osteochondromas. In:

Pagon RA, Ardinger HH et al (eds) Adam MP. University of

Washington, Seattle, pp 220–227

2. Khurana J, Abdul-Karim F, Bovée JVMG (2002) Osteochon-

droma. In: Fletcher CDM, Unni KK, Mertens F (eds) World

Health Organisation Classification of Tumours. Pathology and

genetics of tumours of soft tissue and bone. IARC press, Lyon,

pp 234–236

3. Bovée JVMG, Hogendoorn PCW (2002) Multiple osteochon-

dromas. In: Fletcher CDM, Unni KK, Mertens F (eds) World

Health Organisation Classification of Tumours. Pathology and

genetics of tumours of soft tissue and bone. IARC press, Lyon,

pp 260–362

4. Hennekam RC (1991) Hereditary multiple exostoses. J Med

Genet 28(4):262–266

5. Schmale GA, Conrad EU 3rd, Raskind WH (1994) The natural

history of hereditary multiple exostoses. J Bone Joint Surg Am

76(7):986–992

6. Wicklund CL et al (1995) Natural history study of hereditary

multiple exostoses. Am J Med Genet 55(1):43–46

7. Goud AL et al (2012) Pain, physical and social functioning, and

quality of life in individuals with multiple hereditary exostoses in

The Netherlands: a national cohort study. J Bone Joint Surg Am

94(11):1013–1020

8. Solomon L (1961) Bone growth in diaphysial aclasis. J Bone

Joint Surg Br 43-B:700–716

9. Stieber BA, Pierz KA, Dormans JP (2001) HME: a current

understanding of clinical and genetic advances. Univ Penn

Orthop J 114:39–48

10. Porter DE et al (2000) Clinical and radiographic analysis of

osteochondromas and growth disturbance in hereditary multiple

exostoses. J Pediatr Orthop 20(2):246–250

11. Koziel L et al (2004) Ext1-dependent heparan sulfate regulates

the range of Ihh signaling during endochondral ossification. Dev

Cell 6(6):801–813

12. Pathi S et al (1999) Interaction of Ihh and BMP/Noggin signaling

during cartilage differentiation. Dev Biol 209(2):239–253

13. Zou H et al (1997) Distinct roles of type I bone morphogenetic

protein receptors in the formation and differentiation of cartilage.

Genes Dev 11(17):2191–2203

14. Clement ND et al (2012) Skeletal growth patterns in hereditary

multiple exostoses: a natural history. J Pediatr Orthop B

21(2):150–154

15. Greulich WW, Pyle SI (1959) Radiographic atlas of skeletal

development of the hand and wrist. Stanford University Press,

Stanford

16. Lanske B et al (1996) PTH/PTHrP receptor in early development

and Indian hedgehog-regulated bone growth. Science

273(5275):663–666

17. Enomoto-Iwamoto M et al (2000) Hedgehog proteins stimulate

chondrogenic cell differentiation and cartilage formation. J Bone

Miner Res 15(9):1659–1668

18. Long F et al (2001) Genetic manipulation of hedgehog signaling

in the endochondral skeleton reveals a direct role in the regulation

of chondrocyte proliferation. Development 128(24):5099–5108

19. Kobayashi T et al (2005) Indian hedgehog stimulates periarticular

chondrocyte differentiation to regulate growth plate length

independently of PTHrP. J Clin Invest 115(7):1734–1742

20. Maeda Y et al (2007) Indian Hedgehog produced by postnatal

chondrocytes is essential for maintaining a growth plate and

trabecular bone. Proc Natl Acad Sci USA 104(15):6382–6387

21. Hirai T et al (2011) Parathyroid hormone/parathyroid hormone-

related protein receptor signaling is required for maintenance of

the growth plate in postnatal life. Proc Natl Acad Sci USA

108(1):191–196

22. Hellemans J et al (2003) Homozygous mutations in IHH cause

acrocapitofemoral dysplasia, an autosomal recessive disorder

with cone-shaped epiphyses in hands and hips. Am J Hum Genet

72(4):1040–1046

23. St-Jacques B, Hammerschmidt M, McMahon AP (1999) Indian

hedgehog signaling regulates proliferation and differentiation of

chondrocytes and is essential for bone formation. Genes Dev

13(16):2072–2086

24. Cortes M, Baria AT, Schwartz NB (2009) Sulfation of chon-

droitin sulfate proteoglycans is necessary for proper Indian

hedgehog signaling in the developing growth plate. Development

136(10):1697–1706

25. Huegel J et al (2013) Perichondrium phenotype and border

function are regulated by Ext1 and heparan sulfate in developing

long bones: a mechanism likely deranged in Hereditary Multiple

Exostoses. Dev Biol 377(1):100–112

26. Staal HM et al (2014) Current knowledge on exostoses formation

in Hereditary Multiple Exostoses: where do exostoses originate

and in what way is their growth regulated. Hereditary Genet 3:3

27. Pedrini E et al (2011) Genotype-phenotype correlation study in

529 patients with multiple hereditary exostoses: identification of

‘‘protective’’ and ‘‘risk’’ factors. J Bone Joint Surg Am

93(24):2294–2302

28. Porter DE et al (2004) Severity of disease and risk of malignant

change in hereditary multiple exostoses. A genotype-phenotype

study. J Bone Joint Surg Br 86(7):1041–1046

29. Shapiro F, Simon S, Glimcher MJ (1979) Hereditary multiple

exostoses. Anthropometric, roentgenographic, and clinical

aspects. J Bone Joint Surg Am 61(6A):815–824

30. Sgariglia F et al (2013) Epiphyseal abnormalities, trabecular bone

loss and articular chondrocyte hypertrophy develop in the long

bones of postnatal Ext1-deficient mice. Bone 57(1):220–231

31. Pritchett JW (1992) Longitudinal growth and growth-plate

activity in the lower extremity. Clin Orthop Relat Res

275:274–279

32. Jones KB et al (2013) Toward an understanding of the short bone

phenotype associated with multiple osteochondromas. J Orthop

Res 31(4):651–657

402 J Child Orthop (2015) 9:397–402

123

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Skeletal maturity of children with multiple osteochondromas: is diminished stature due to a systemic influence?
	Abstract
	Background
	Purpose
	Methods
	Results
	Conclusion

	Introduction
	Materials and methods
	Results
	Discussion
	Conclusion
	Open Access
	References




