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A B S T R A C T

Objective: The purpose of this clinical case-control study was to assess the level of sports activity in children with
hereditary multiple exostoses (HME) and to compare with the degree of physical activity in children of the same
age without pathology.
Methods: A case-control study was designed. Cases were drawn from children with HME diagnosed on the basis
of clinical and radiographic evaluation with an age less then 12 years. Controls were chosen from a group of
children with the same age and a negative family history for HME. All patients and controls were completed with
the help of parents using the following evaluations: Tegner Activity Level Scale and University of California Los
Angeles (UCLA) activity scale.
Results: A total of 154 individuals participated (54 cases and 100 controls). In the case groups, the mean age was
9.07; the mean number of exostoses resulted 29.51, while the mean value of UCLA and Tegner score resulted
respectively 6.04 and 5.09. In the controls, the mean age was 8.88; mean UCLA and Tegner resulted respectively
7.17 and 5.64. Comparing the two groups, the only difference was between UCLA score (p= 0.0053). Moreover,
comparing the results between female children affected by HME and female controls, we found a significant
difference as regards UCLA score (p=0.0045).
Conclusion: Children affected by HME reported lower sports activity, in particular as regards female patients.
Moreover, physical activity is not correlated with any other independent factor leading different patients to a
similar level of ability in performing sport.
Study design: Level III – Case Control Study.

1. Introduction

Multiple hereditary exostoses (MHE) were described for the first
time in 1814 by Boyer in his Related diseases and surgical operations of
their choosing.1 HME is a rare pathology characterized by development
of multiple osteochondromas, benign bone tumors, caused by mutations
in genes EXT1 and EXT2.2,3 The exact prevalence of HME is unknown
because many patients are asymptomatic and diagnosis may be diffi-
cult. In Caucasians an estimated prevalence of HME around 0.9 to 2
individuals per 100,000 has been reported, but a higher prevalence has
been identified in isolated populations such as the Chamorros (Guam)
and the Ojibway Indian community of Pauingassi (Manitoba, Ca-
nada).4–6

The osteochondromas are not present at birth, but develop in the
first decade of life affecting long and flat bones and leading to dysmetry

and malformation.7

In recent years several articles have highlighted how patients af-
fected by HME report pain and discomfort with a low quality of life,
both in children and adults, but literature is scarce regarding clinical
studies about sports and physical activity in patients with HME.8–10

The purpose of this clinical case-control study was to assess the level
of sports activity in children with HME and to compare with the degree
of physical activity in children of the same age without pathology.

2. Material & methods

A clinical case-control study was designed.11 Cases were drawn from
children with HME diagnosed on the basis of clinical and radiographic
evaluation with an age less than 12 years. Each diagnosis was verified
by a consultant pediatric radiologist and consultant pediatric
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orthopaedic surgeon based on radiographic appearances and clinical
features. The inclusion criteria for this clinical study were: patients
younger than 12 years, clinical and radiological diagnosis of 2 or more
exostoses. Exclusion criteria were: patients older than 12 years old,
additional surgical procedures in addition to the removal of the exo-
stoses, haemophilia, rheumatoid arthritis, severe metabolic disorders.

Controls were chosen from a group of children with the same age
and sex and a negative family history for HME. This clinical case-con-
trol study was conducted on the basis of the STROBE statement
guidelines.12

All patients and controls were completed with the help of one or
both parents, using the following evaluations:

- Tegner Activity Level Scale13

- University of California, Los Angeles (UCLA) activity scale14

Tegner activity level scale is a graduated list of activities of daily
living, recreation, and competitive sports. The patient is asked to select
the level of participation that best describes their current level of ac-
tivity and that before injury. The score varies from 0 to 10. A score of 0
represents sick leave or disability pension because of knee problems,
whereas a score of 10 corresponds to participation in national and in-
ternational elite competitive sports> 6 score can only be achieved if
the person participates in recreational or competitive sport. The UCLA
scale is a simple scale ranging from 1 to 10. The patient indicates her or
his most appropriate activity level, with 1 defined as “no physical ac-
tivity, dependent on others” and 10 defined as “regular participation in
impact sports.”

Moreover, sex, age and number of exostoses, for each patient were
recorded. However, the location and the size of the exostoses were not
assessed. The association with gender, number of exostoses and phy-
sical activities was then evaluated and correlated. Both parents of the
children signed an informed consent for participation in the study. All
procedures performed in the studies involving human participants were
in accordance with the ethical standards of the institutional and/or
national research committee and with the 1964 Helsinki Declaration
and its later amendments or comparable ethical standards.

2.1. Statistical analysis

Statistical analysis was conducted using a statistical software (SPSS
version 17, SPSS Inc., Chicago, IL, USA). The statistical tests were
performed with Student's T test for paired and unpaired data.
Furthermore, we evaluated significant correlation with Pearson's linear
correlation coefficient R, where the correspondent p values were
computed with the T Student test, under null hypothesis of Pearson's
linear correlation coefficient R=0. We considered significant all sta-
tistical tests with p-value<0.05.

3. Results

A total of 154 individuals participated (54 cases and 100 controls). In
case groups the mean age was 9.07, 26 (48.14%) of the patients were male
and 28 (51.86%) females; the mean number of exostoses resulted 29.51,
while the mean value of UCLA and Tegner score resulted respectively 6.04
and 5.09. In the controls the mean age was 8.88, 51 (51%) cases were
male, while 49 (49%) were female. Mean UCLA and Tegner resulted re-
spectively 7.17 and 5.64. Comparing the two groups the only difference
that we found was between the number of exostoses (p < 0.001) and
UCLA score (p=0.0053). Results are reported in Table 1.

3.1. Gender

3.1.1. Male
Comparing the results in our cohort between male children affected

by HME and male controls, we found no differences, except for the

number of exostoses (p < 0.001). Results are reported in Table 2.

3.1.2. Female
Comparing the results in our cohort between female children af-

fected by HME and female controls, we found a significant difference as
regards number of exostoses (p < 0.001) and UCLA score
(p= 0.0045). Results are reported in Table 3.

3.1.3. Correlations
In patients affected by HME the only significant correlation that we

found was between UCLA and Tegner Score (R= 0.759, p-value<
0.001). Results are reported in Table 4.

4. Discussion

The aim of this clinical case-control study was to assess the level of
sports and physical activity in children with HME and comparing with a

Table 1
Clinical parameters score for cases and controls described by mean ± SD
(standard deviation). T Student test for unpaired data, for comparison para-
meters between cases and controls.

Variables Cases Controls p-value

Mean Standard
deviation

Mean Standard
deviation

Gendera 0.52 0.504 0.49 0.499 0.738
Age 9.07 2.01 8.88 1,61 0.478
Number of

Exostoses
29.51 20.65 0 0 <0.001b

Tegner Score 5,09 2,89 5.64 1,77 0.202
UCLA 6.04 2.64 7.17 1.99 0.0053b

a To calculate the mean and standard deviation of the gender we have at-
tributed an arbitrary value of 0 to the male and 1 to the female.

b p-value< 0.05; UCLA=University of California, Los Angeles activity scale.

Table 2
T Student test for unpaired data, for comparison parameters between Male
cases and Male Controls.

Variables Cases (Male) n= 28 Controls (Male) n=49 p-value

Mean Standard
Deviation

Mean Standard
Deviation

Age 8.88 1.50 8.92 1.61 0.92
Number of

Exostoses
31.27 21.58 0 0 <0.001a

Tegner Score 5.08 2.69 6.08 1.85 0.10
UCLA 6.42 2.60 7.14 2.25 0.25

UCLA=University of California, Los Angeles activity scale.
a p-value<0.05.

Table 3
T Student test for unpaired data, for comparison parameters between Female
Cases and Female Control.

Variables Cases (Female) n=26 Controls (Female)
n= 51

p-value

Mean Standard
Deviation

Mean Standard
Deviation

Age 9.25 1.66 8.84 1.62 0.30
Number of

Exostoses
27.89 18.81 0 0 <0.001a

Tegner Score 5.11 2.92 5.18 1.56 0.90
UCLA 5.68 2.36 7.20 1.56 0.0045a

UCLA=University of California, Los Angeles activity scale.
a p-value<0.05.
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control group of children of the same age with negative family history
for HME. The main finding in our study was the difference as regards
UCLA score between the cases and the controls (p < 0.05); considering
the gender this difference was not present in male cases versus male
controls (p > 0.05), but was significant matching female cases and
controls (p < 0.05). No other significant difference was found among
the groups, even by performing a stratified analysis of the gender.
Moreover, in our cohort we found that sports in children affected by
HME, is not correlated with any other independent factor leading dif-
ferent patients to a similar level of physical activity.

This difference in the amount of sport, in respect to the control
group, can be traced in some way to the characteristics of children
suffering from HME. In 2015 Staal et al. hypothesized that the dimin-
ished stature in adults with multiple osteochondromas is due to a sys-
temic influence, leading to early skeletal maturation and early closure
of the growth plate. Fifty radiographs in children with HME were col-
lected and evaluated to calculate the skeletal age according to the
Greulich–Pyle bone scale. The author noted that children aged between
3 and 12 years had a significantly lower skeletal age compared to their
calendar age and that skeletal maturation in children with HME
therefore differs from their peers.15

Previously Clement et al. showed that the height of individuals with
HME compared with a normal population varies according to age, with
preadolescence (2–9 y.o.) patients being taller than expected.16

Moreover the same author also explains how the severity of the
disease between the two sexes changes, in contrast with our finding in
which girls presented a lower level of physical activity; in fact in 2014
Clement et al. reported that male patients with an EXT1genotype had a
significantly greater number of exostoses affecting their hands, distal
radius, proximal humerus, scapular and ribs compared to female pa-
tients with the same genotype.16

In recent years several articles have reported surgical techniques in
order to improve the functionality and quality of life in children with
HME, but no article has evaluated sport in these subjects. These inter-
ventions are often performed to prevent severe deformities, arthrosis
and dysmetria.17–22

In 2012 Goud et al. evaluated pain and quality of life in a large
cohort of patients with HME. The author found that 57 children (58%)
participated in sports at the time of evaluation. Twenty-seven children
(27%) had stopped their sporting activities due to HME; the most fre-
quent activities to be discontinued were gymnastics (eight children)
and soccer (four). Problems with sports activities were significantly
related to age, with older children having more problems than younger
children.9

In the same year, Chhina et al. evaluated health-related quality of
life both in children and adults with HME and compared with relevant
Canadian and US population norms. It is interesting to note that chil-
dren scored less than the control groups; in particular lower score were
reported for pain and emotional component. Differently from our re-
sults, male children had lower scores that female, except for mental
health.8

The importance of physical activity to relieve pain in patients with
exostoses has been reported in a recent case report that focuses on how
eccentric training might decrease pain, increase range of motion,
muscle strength, and functional levels in patients with HME.23

The major limitation of the study is the lack of sub-analysis based on
location and size of the exostoses. Future studies will have to focus on
creating ad hoc assessment scales for children with hereditary multiple
exostoses and in evaluating the ideal sporting activity in these subjects,
in order to improve the functionality and relieve pain.

5. Conclusions

Children affected by HME reported lower sports activity, in parti-
cular as regards female patients. Moreover, physical activity is not
correlated with any other independent factor leading different patients
to similar level of ability in performing sport.
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