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Pain, Physical and Social Functioning, and Quality
of Life in Individuals with Multiple Hereditary

Exostoses in the Netherlands
A National Cohort Study

A.L. Goud, MD, J. de Lange, MSc, V.A.B. Scholtes, PhD, S.K. Bulstra, MD, PhD, and S.J. Ham, MD, PhD

Investigation performed at the Department of Orthopedic Surgery, Onze Lieve Vrouwe Gasthuis, Amsterdam,
and the Department of Orthopedic Surgery, University Hospital, Groningen, The Netherlands

Background: This study aimed to assess pain and quality of life in a large cohort of patients with multiple hereditary exostoses.

Methods: All 322 known patients with multiple hereditary exostoses in the Netherlands were asked to participate. An
age-specific questionnaire was sent to children (less than eighteen years old) and adults. The questionnaire focused on
pain, daily activities, and school and/or professional situation. Adults also filled out the RAND-36 questionnaire. Results
were statistically analyzed with use of the SPSS 15.0 software and with the chi-square test and multiple logistic re-
gression. A p value of <0.05 was regarded as significant.

Results: Two hundred and eighty-three patients (88%), including 184 adults (65%) and ninety-nine children (35%),
completed the questionnaire. Multiple hereditary exostoses resulted in various physical and social consequences. The
majority of adults (119) were employed; however, thirty-three (28%) had changed jobs because of the symptoms of
multiple hereditary exostoses and twenty-five (21%) required adjustments in their working environment. Of the sixty-five
adults who were not employed, thirteen were medically unfit to work. Of eighty-five children attending school, forty-five
(53%) experienced problems at school. The symptoms of multiple hereditary exostoses caused twenty-seven children
(27%) and eighty-five adults (46%) to stop participating in sporting activities. Pain was the greatest problem, with sixty-two
children (63%) and 152 adults (83%) who reported recent pain. On multivariate analysis, pain in adults was correlated
most significantly with age and problems at work, and pain in children was correlated with the perception of the disease
and problems at school. Adult patients with multiple hereditary exostoses had a lower quality of life than the Dutch
reference groups, with lower scores on six of eight RAND-36 subscales.

Conclusions: Our study confirms that multiple hereditary exostoses is a chronic disease causing a profound impact on
quality of life. The results suggest that pain is not the only problem associated with multiple hereditary exostoses, as it
has an extensive influence on daily activities, as well as on social and psychological well-being, causing significant
disability.

Level of Evidence: Prognostic Level IV. See Instructions for Authors for a complete description of levels of evidence.

Disclosure: None of the authors received payments or services, ei-
ther directly or indirectly (i.e., via his or her institution), from a third
party in support of any aspect of this work. None of the authors, or
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M
ultiple hereditary exostoses is a rare autosomal
dominant disorder characterized by the presence of
multiple osteochondromas. These usually occur at

the metaphysis of long bones, but all bone formed without
membranes may be involved. Pain is the most frequent indi-
cation for surgery and may be caused by bursitis, tendinitis, and
compression of nerves or vessels1-4. Osteochondromas can also
cause limb-length discrepancies, skeletal deformities, limited
joint motion, and axial deviation2,3. In adults, there is a risk of
malignant transformation of osteochondroma to chondrosar-
coma, with an estimated prevalence of 1% to 5%1,2.

Most published studies on multiple hereditary exostoses
have described the efficacy of specific surgical techniques or the
specification of deformities. Little is known with regard to the
general health status of these patients or the severity of pain and
loss of function and how multiple hereditary exostoses influ-
ences the activities of daily life. Only one study has suggested
that the debilitation and reduction in quality of life are severe5.

We hypothesized that the consequences in patients with
multiple hereditary exostoses were more substantial than gen-
erally presumed. A nationwide cohort study was undertaken in
the Netherlands among all patients with multiple hereditary
exostoses to gain more insight into the unknown consequences
of this disease.

Materials and Methods

The Human Research Committee of Groningen University Medical Center
approved the study protocol. All 322 known patients with multiple hered-

itary exostoses were asked to participate. These patients were either members of
the Dutch MHE (Multiple Hereditary Exostoses) patient coalition or were treated
in one of three national referral centers for this disease (Onze Lieve Vrouwe
Gasthuis, Amsterdam; Maxima Medical Centre, Veldhoven; or University Med-
ical Center, Groningen, The Netherlands). After providing written informed
consent, all positive respondents received a standardized questionnaire.

Two different questionnaires were used: one specifically addressed children
and one addressed adults. Children were defined as individuals younger than
eighteen years of age. An initial set of questionnaires was sent to a pilot group (five
children and five adults) to assess whether the questionnaire appealed to the so-
called SMART (Specific, Measurable, Acceptable, Realistic, and Time-consuming)
principles

6
. The responses were incorporated into the final questionnaire.

Both questionnaires included questions about demographic character-
istics, family history, and medical history related to multiple hereditary exostoses,
including the number of surgical procedures and the occurrence of malignant
degeneration. The questionnaires further queried with regard to physical (ac-
tivities of daily life and sports participation), social (family situation and occu-
pation for adults and school for children), and financial (medical insurance for
adults) consequences. There were multiple questions on pain perception, which
were based on previous research by Darilek et al.

5
. The adult questionnaire

further contained the RAND 36-Item Health Survey (RAND-36). The RAND-36
is a generic, self-reported measure of quality of life, including the same items as
the Medical Outcomes Study Short Form-36, and although the scoring proce-
dures are somewhat different, the effects on final scores are minimal

7
. The

RAND-36 consists of thirty-six items and generates eight subscales: physical
functioning, social functioning, role limitations due to physical functioning, role
limitations due to emotional problems, mental health, vitality, pain, and general
health perceptions

8
. The two role-limitation subscales measure problems with

work or other daily activities, as a result of either physical or emotional problems.
One last item—health change—assesses the perceived change over the last year in
health status. The RAND-36 scores are converted to a percentage ranging from 0
to 100, with higher values indicating higher levels of functioning or well-being.

The RAND-36 is a reliable and valid instrument, widely used in the evaluation of
patients with somatic diseases. The present study used the eight subscales and
compared the results with random representative samples of 1063 adults from a
municipality (Emmen) in the northern part of the Netherlands

9
(the mean age

was 44.1 years; range, eighteen to eighty-nine years; and 65% were female), 4172
adults from Amsterdam

10
(the mean age was 43.1 years, and 54% were female),

and a random, nationwide sample of 1742 adults (the mean age was 47.6, and
56% were male). As the item health change was not included in the last two
studies

9,10
, it was excluded from the comparison.

The mean time to complete the forms was twenty minutes (range, five
to sixty minutes) for children and twenty-nine minutes (range, ten to 120
minutes) for adults.

Statistical Methods
All results were entered in a database, and statistical analysis was performed
with use SPSS software (version 15.0; SPSS, Chicago, Illinois). Descriptive
statistics (frequencies and means) were used to present results on demo-
graphics, family history, medical history related to multiple hereditary exos-
toses, physical and social consequences, pain, and quality of life in adults and
children. Various factors of these parameters were analyzed with regard to their
potential relationship with the existence of physical and social consequences
and pain. Potential relationships were analyzed with use of the chi-square test.
Variables showing a significant relationship were additionally analyzed in a
multiple logistic regression analysis, to evaluate which of them best predicted
the occurrence of pain. Separate analyses were performed for the adult and
pediatric populations. Quality-of-life scores (measured with the RAND-36)
were compared with the reference scores with use of the unpaired Student t test.
Overall significance was set at a p value of <0.05.

Source of Funding
There was no external funding.

Results

Two hundred and eighty-three patients (88%) returned the
completed questionnaire. One hundred and sixty-six pa-

tients (59%) were members of the patient coalition and 117
(41%) were contacted through one of the referral hospitals.
One hundred and eighty-four (65%) of the participants were
adults and ninety-nine (35%) were children; 155 (55%) were
female. Baseline demographics, family history, and medical
history related to multiple hereditary exostoses are listed in
Table I. Seventy-two percent recorded a positive family history
for multiple hereditary exostoses. The mean height (169.5 cm)
and weight (72.0 kg) in the adult group were significantly less
than that in the general Dutch population (173.9 cm and 75.6
kg)11. Osteochondromas had been removed in 88% of adults
and 48% of children at the time of evaluation. Malignant
transformation was recorded in thirteen adult patients (7%).

Sixty-seven (61%) of 109 adult women had given birth to
one or more children. Thirty-four (51%) experienced problems
during labor because of multiple hereditary exostoses, necessitat-
ing a cesarean section in twenty-three (34%), which is substan-
tially higher than that in the general Dutch population (13.5%)12.

Physical and Social Consequences
Sports Participation
Fifty-seven children (58%) participated in sports at the time
of evaluation. Twenty-seven children (27%) had stopped their
sporting activities because of problems related to multiple
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hereditary exostoses; the most frequent activities to be dis-
continued were gymnastics (eight children) and soccer (four).
Problems with sports activities were significantly related to age,
with older children having more problems than younger chil-
dren (p < 0.04).

Eighty-five adults (46%) performed sporting activities.
Another eighty-five had stopped their participation in sporting
activities because of problems related to multiple hereditary
exostoses; the activites most frequently discontinued were team
sports such as soccer (thirteen adults), volleyball (five), and
handball (five).

Occupation
One hundred and nineteen adults (65%) had paid employ-
ment at the time of evaluation (see Appendix). In twenty-five
adults (21%), adjustments to the workplace, including special
chairs, computer equipment, and special tasks, had been
necessary. Thirty-three individuals (28%) had changed jobs
because of symptoms of multiple hereditary exostoses. Sixty-
seven individuals (56%) had had problems at one time or
another during their occupation, including a workload that was
too heavy (twenty-nine; 24%), pain (ten; 8%), and functional
impairment (eight; 7%). Of the sixty-five adults who were not
employed, thirteen were medically unfit to work.

School
Of the eighty-five children attending school, forty-five (53%)
reported having problems at school. Most frequently men-
tioned were problems with physical education (twenty-four
children), writing (twelve), and working with computers
(twelve). Seven children (8%) reported being bullied because of
their disorder. Eleven children received special help, such as
laptops or specific school programs.

Insurance
Thirty-two adults (17%) encountered problems with medical
insurance or had to pay higher premiums because of multiple
hereditary exostoses. Eight were not accepted at all, whereas
four received only medical insurance that excluded multiple
hereditary exostoses. The problems with medical insurance
were significantly related to age, with older patients having
more problems than younger patients (p < 0.045).

Discomfort and Pain
In the group of children, only fifteen (15%) experienced no prob-
lems with their disorder. Thirty-three children (33%) perceived
their disorder as moderately or very annoying (see Appendix).

Eighty-three percent of adults (152) and 63% of children
(sixty-two) had experienced pain in the thirty days before
filling out the questionnaire. Details with regard to pain are
listed in the Appendix.

Pain in Adults
Among 152 adults with recent pain, the most common location
was the lower extremities (49%), followed by shoulder girdle
(14%), upper extremity (9%), pelvic region (9%), and ribs or

back (8%). The activity that aggravated pain most was walking
(49%), followed by lifting objects (29%), climbing stairs (17%),
physical endurance (13%), cycling (13%), sitting (13%), and
housekeeping (9%). Sixty-six percent of adults tried to reduce
pain by resting, and 34% used heat application. Forty-six adults
(30%) reported taking pain medication on a regular basis.

The interference of pain with activities of daily life, sleep,
social contacts, and mood for the 152 adults is listed in the
Appendix.

Pain was inversely related to age. Pain was positively re-
lated to problems at work and to the presence of deformities
(see Appendix). Multiple logistic regression analysis showed
that the experience of pain was best predicted by problems at
work (p < 0.0001) and age (p = 0.0024) (Table II). Problems at
work showed an odds ratio of 0.615. In other words, adjusted
for age level, the odds of adult patients having pain are ap-
proximately 1.626 times (1/0.615) higher in patients with
problems at work than in those without such problems. Age
level showed an odds ratio of 0.094; thus, with adjustment for
the influence of problems at work, the odds of having pain is
approximately 10.6 times (1/0.094) higher in younger patients
than in older patients (per ten years). This final model ex-
plained 14.37% (R2) of the variance in the chance of pain from
multiple hereditary exostoses in the adult group.

Pain in Children
In sixty-two children with recent pain, the most common lo-
cation was also the lower extremity (60%), followed by the upper
extremity (15%) and axial skeleton (9%). The most frequently
reported activity that aggravated pain was walking (52%), fol-
lowed by sports or physical education (16%), playing (16%),
cycling (13%), and lifting objects (13%). Thirteen children
(21%) reported sleeping problems because of pain during the
previous thirty days. Twenty-nine children (47%) tried to reduce
the pain by resting, and seventeen (27%) used heat application.
Eight children (13%) reported taking pain medication on a
regular basis. In the pediatric group, pain was related to a more
negative perception of the disease, problems at school, and a
greater number of surgical procedures (see Appendix). Ac-
cording to the multiple logistic regression analysis, pain was best
predicted by the perception of the disease (p = 0.0039) and
problems at school (p = 0.0284) (Table II). Perception of the
disease showed an odds ratio of 2.872 (Table II), with the odds
of experiencing pain about 2.872 times higher in children with
a more negative perception of the disease than in those with a
more positive perception. Problems at school had an odds ratio
of 0, with the odds of experiencing pain in children about 3.48
times (1/0.287) higher in children with problems at school than
in children without such problems. This final model explained
25.8% (R2) of the variance in the chance of pain from multiple
hereditary exostoses in the children’s group.

RAND-36
Using the RAND-36 questionnaire, we found a significantly
lower outcome in six subclasses (physical functioning, social
functioning, role limitations due to physical functioning,
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TABLE I Patient Characteristics, Family History, and Data Related to Multiple Hereditary Exostoses

Total Adults Children

Number 283 184 99

Sex
Men and boys 128 (45%) 75 (41%) 53 (54%)
Women and girls 155 (55%) 109 (59%) 46 (46%)

Mean age (range) (yr) 29.1 (1 to 80) 39.7 (18 to 80) 9.4 (1 to 17)

Mean height (standard deviation) (cm) 169.5 (9.07)
Male 176.6 (7.72)
Female 164.6 (6.26)

Mean body weight (standard deviation) (kg) 72.0 (15.90)
Male 78.4 (12.86)
Female 67.4 (14.74)

Affected individuals with children 111 (60%)
Sons with the disorder 58 (50%) of 117
Daughters with the disorder 73 (58%) of 126

Family history
Having a parent with the disorder 203 (72%) 131 (71%) 72 (73%)
No parent with the disorder 62 (22%) 40 (22%) 22 (22%)
Unknown 18 (6%) 13 (7%) 5 (5%)
Brothers and/or sisters with the disorder 210 (48%) of 442 53 (54%) of 99

Comorbidity (no. of patients) 46 (25%) 16 (16%)
Pulmonary problems 8 (4%) 2 (2%)
Spondylarthritis 6 (3%)
Allergy 6 (3%) 2 (2%)
Hypertension 5 (3%)
Breast cancer 3 (3%) of 109

Location of osteochondromas
Upper extremity 165 (90%) 92 (93%)
Shoulder girdle 119 (65%) 64 (65%)
Pelvic girdle 89 (48%) 28 (28%)
Lower extremity 181 (98%) 90 (91%)
Rib and/or spine 81 (44%) 59 (60%)

Removal of osteochondromas 161 (88%) 48 (48%)
Adults

Procedure at <18 yr 128 (70%)
‡3 operations 67 (36%)

Procedure at ‡18 yr 124 (67%)
‡3 operations 48 (26%)

Children
First procedure at <6 yr 12 (25%)
First procedure at 6-11 yr 26 (54%)
First procedure at 12-18 yr 10 (21%)
‡3 operations 14 (14%)

Location
Upper extremity 149 (81%) 33 (69%)
Lower extremity 88 (48%) 33 (69%)
Ribs and/or vertebrae 21 (11%) 4 (8%)
Pelvic girdle 20 (11%) 4 (8%)
Shoulder girdle 48 (26%) 3 (6%)
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vitality, pain, and general health perception) for the group with
multiple hereditary exostoses compared with all three reference
groups. The greatest differences were for physical functioning
and pain. Only for the subclasses of role limitations due to
emotional problems and mental health as well as for health
change were no significant differences found (Table III).

Discussion

This comprehensive study of patients with multiple heredi-
tary exostoses in the Netherlands confirms that the disorder

is not only associated with pain but also has a profound negative
influence on physical and social functioning and quality of life.
Multiple hereditary exostoses significantly impacts a wide range
of aspects, both personally and professionally.

In the literature, the prevalence of multiple hereditary
exostoses is estimated to be approximately one in 50,0001,13.
The expected number of cases in the Netherlands, with a
population of seventeen million, would be around 340. The fact
that we identified 322 patients may imply that the prevalence is
higher in the Netherlands. However, as the patient coalition is
highly active and modern communication methods are readily

used by this relatively young population, we believe a consid-
erable number of afflicted individuals in our country have been
contacted for this survey. As 88% completed and returned the
questionnaires, this study appears highly representative of the
Dutch population with multiple hereditary exostoses.

Only one previous study, to our knowledge, has specifi-
cally addressed quality-of-life issues in multiple hereditary
exostoses5. In that series of 293 patients with multiple heredi-
tary exostoses, 84% reported having pain, slightly higher than
the 76% we found. Thirty-one percent of the adults with pain
in our series reported having had pain every day during the last
month, which was also less than the 45.3% in the previous
series. Individuals in the series described by Darilek et al.5

seemed more afflicted in the comparison of pain ratings and
the interference of pain with general activity, sleep, social in-
teractions, and mood. However, the response rate in their series
was only 39% compared with 88% in the present study. This
may have led to selection bias as disease severity may influence
the willingness to participate in a questionnaire-based survey.
Nevertheless, the results from both studies are impressive, and
our data corroborate the findings of the previous study.

TABLE I (continued)

Total Adults Children

Deformities 225 (80%) 148 (80%) 77 (78%)
Forearm 124 (44%) 81 (44%) 43 (43%)
Knee region 113 (40%) 80 (43%) 33 (33%)
Angle region 91 (32%) 61 (33%) 30 (30%)
Fingers 50 (18%) 28 (15%) 22 (22%)

Correction of deformity 63 (22%) 45 (24%) 18 (18%)

Chondrosarcoma 13 (7%)
Mean age at time of diagnosis (range) (yr) 35 (20-50)
Female 8 (61.5%)
Male 5 (38.5%)
Location

Pelvic region 6 (46%)
Feet 2 (15%)
Knee region 2 (15%)
Femur 2 (15%)
Humerus 1 (8%)

Education
Less than high school 12 (7%)
High school graduate 99 (54%)
Some college 71 (39%)
Unknown 2 (1%)

Specific equipment or adjustments at home 62 (34%) 18 (18%)
Semi-orthopaedic shoes 25 (14%) 3 (3%)
Inlays 13 (7%) 9 (9%)
Cane or crutches 22 (12%) 1 (1%)
Wheelchair 8 (4%)
Wrist brace 5 (3%) 3 (3%)
Adjustments to home 9 (5%)
Other 23 (13%) 6 (6%)
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Interestingly, more adults than children experienced pain
(83% compared with 63%). Together with the finding that two-
thirds of adults reported having had surgery after the age of
eighteen years, these observations establish that problems asso-
ciated with multiple hereditary exostoses persist into adulthood
and continue after the growth of osteochondromas has ceased.

As pain was highly prevalent in both groups, we tried to
identify predictors of pain by means of multiple regression
analysis. The severity of pain in adults was significantly asso-
ciated with problems at work and the presence of deformities.
The problems at work were reported as having a grave impact
on the quality of life. In the adult group, in contrast to the
findings of Darilek et al.5, no relationship was found between
pain and previous surgery or with the number of surgical

procedures. In the pediatric population, we found a significant
association between pain and problems at school and disease
perception. The predictive power of the models was weak in
both patient groups, explaining only 14% to 26% of the total
variance. This means that the chance of pain from multiple
hereditary exostoses is not strongly influenced by the identified
predictors (age and work problems among adults and disease
perception and school problems among children).

Besides the effect of pain, multiple hereditary exostoses
has a severe impact on daily life. Half of those with paid
employment had experienced problems, with 28% who had to
stop their activities or change jobs and 21% who needed ad-
justments to the workplace. The choice of occupation seemed
to be guided by problems associated with multiple hereditary

TABLE II Final Multiple Logistic Regression Models for Presence of Pain in Adults and Children

Beta
Standard

Error Wald
Degrees of
Freedom

Significance
(P Value)

Exponent Beta
(or Odds Ratio)

95% Confidence
Interval for

Exponent Beta

Lower Higher

Adult model
Problems at work 22.367 1.524 21.765 1 <0.0001 0.615 0.449 0.842
Age level 20.487 0.161 9.187 1 0.0024 0.094 0.021 0.411
Intercept 7.111 1.524 9.8622 1 0.0017

Child model
Perception of MHE* 1.055 0.3655 8.3359 1 0.0039 2.872 1.403 5.879
Problems at school 21.247 0.5690 4.8012 1 0.0284 0.287 0.094 0.0877
Intercept 0.262 1.3310 0.0389 1 0.8437

*MHE = multiple hereditary exostoses.

TABLE III Scores on the RAND-36

Emmen National Amsterdam

Dimensions MHE Group* Score* T Score† Score* T Score† Score* T Score†

Physical functioning 64.2 ± 25.6 81.9 ± 23.2 29.23‡ 83.0 ± 22.8 210.3‡ 85.2 ± 23.1 211.8‡

Social functioning 80.4 ± 23.3 86.9 ± 20.5 23.83‡ 84.0 ± 22.4 22.03‡ 85.1 ± 21.5 22.84‡

Role limitations-physical 67.7 ± 39.2 79.4 ± 35.5 23.95‡ 76.4 ± 36.3 22.98‡ 79.5 ± 35.4 24.27‡

Role limitations-emotional 82.4 ± 34.8 84.1 ± 32.3 20.63 82.3 ± 32.9 0.04 83.1 ± 32.7 20.27

Mental health 76.2 ± 14.5 76.8 ± 18.4 20.41 76.8 ± 17.4 20.44 75.9 ± 17.0 0.22

Vitality 61.3 ± 17.6 67.4 ± 19.9 23.82‡ 68.6 ± 19.3 24.81‡ 68.6 ± 19.2 24.94‡

Pain 63.7 ± 24.0 79.5 ± 25.6 27.67‡ 76.4 ± 36.3 24.57‡ 80.5 ± 24.4 23.32‡

General health
perception

66.5 ± 21.5 72.7 ± 22.7 23.35‡ 70.7 ± 20.7 22.56‡ 71.3 ± 20.8 22.99‡

Health change 50.1 ± 20.8 52.4 ± 19.4 21.44 NA NA

*The scores, which have a possible range of 0 to 100, are given as the mean and the standard deviation. MHE = multiple hereditary exostoses.
NA = not available. †The T score represents the comparison of the scores of MHE patients and those of the population of Emmen, the general
population (national), and the population of Amsterdam. Negative numbers denote worse scoring of the MHE patients, and positive numbers
denote better scoring of MHE patients compared with group specified. ‡Denotes significance.
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exostoses, as most individuals did not perform heavy manual
labor. Office duties or clerical work, occupations in the field of
education, and management and information and communi-
cation technology were reported most often. This career choice
is of interest, as frequently occurring deformities and func-
tional limitations of the forearm may lead to problems during
repetitive manual activities.

Patients with multiple hereditary exostoses were sub-
stantially incapacitated in their ability to perform sports. This is
relevant since the capability of younger patients to participate
in sports decreased significantly because of pain or functional
limitations as they grew older. In adults, 50% of individuals
who were previously active in sports had quit because of
problems related to the multiple hereditary exostoses. Partici-
pation in sports that required frequent running or turning and
team sports, rather than individual sports, was stopped.
Whether the discontinuation of the team sports was the result
of the physical activity itself or whether other problems played
a role in the decision is unclear.

Of the children in school, more than half encountered
serious problems, especially with physical education, writing,
and computer-related tasks. Although it seems obvious that
these activities may be hindered by functional impairment and
pain, the number was higher than expected. Furthermore, only
a limited number of children received specific equipment or
adapted school programs to diminish these problems. This,
and the fact that a considerable number of children were bul-
lied because of their disorder, reflects, in our opinion, the lack
of acknowledgment in the school setting with regard to the
problems associated with multiple hereditary exostoses.

Self-reported validated health surveys play an increas-
ingly important role in evaluating patient functioning, quality
of life, and health status. Using the RAND-36, we found a
significant negative outcome in six subclasses for the group
with multiple hereditary exostoses compared with three con-
trol groups. The greatest differences were found for physical
functioning and pain. No significant differences in the sub-
scales for role limitations due to emotional and mental health
were found in any of the comparisons. In addition to con-
firming that pain was the dominant problem in multiple he-
reditary exostoses, our findings also confirmed that social and
physical functioning scores were lower for patients with the
disease than for those in the control groups, reflecting the
problems at work and during sports that are experienced by
individuals with multiple hereditary exostoses. These factors
may also be influenced by the presence of deformities and/or
the number of prior surgical procedures. Vitality scores were
also lower for patients with multiple hereditary exostoses than
for those in the control groups, which may also give rise to
problems at work or during sports.

This study shows that multiple hereditary exostoses is a
chronic disease that hampers social functioning. As cognitive
and behavioral problem-solving interventions have been shown
to benefit patients with chronic pain syndromes, this type of
intervention could potentially benefit patients with multiple
hereditary exostoses14. More studies with longer follow-up are

needed to gain insight into the need for professional support in
managing physical and psychosocial problems of patients with
multiple hereditary exostoses.

Several demographic characteristics and conditions re-
lated to multiple hereditary exostoses were of interest. There was
a slight predominance of females (55%) in our representative
survey, in contrast to older studies indicating a higher prevalence
of males3,15,16. More recent studies found no evidence of sex
predominance1,2,6,17. Wicklund et al. suggested that the initial
observation could reflect ascertainment bias, attributable to
more severe clinical manifestation of multiple hereditary ex-
ostoses in males2. Milder disease in females could be the result
of earlier completion of puberty and growth arrest1. We found
no significant differences between males and females with re-
spect to pain, surgery, multiple hereditary exostoses-related
complications, or in the results from the RAND-36.

We specifically asked participants about comorbidities,
which could be an important finding in the pathophysiology of
the disorder or the life expectancy. In the adult group, pulmo-
nary problems were reported most frequently. This could be due
to chronic obstructive pulmonary disease but might also result
from osteochondroma formation on the ribs. The only malig-
nant disease reported without relation to osteochondroma was
breast cancer, which was noted by three female patients. As one
in eight women in the Netherlands will develop breast cancer
during her lifetime, the rate of three of 109 female patients in our
series of relatively young patients was not higher than expected.

Patients with multiple hereditary exostoses are often of
short stature, with most studies describing heights that were 0.5
to 1.0 standard deviation below the mean2,3,18. In concordance
with the literature, the average height (and standard deviation)
of the adults in our series was 4.4 ± 0.48 cm less than that of the
general population2. The mean body weight was also sub-
stantially less, which is attributable to the shorter stature.

According to the literature, approximately 75% of pa-
tients with the disease have a clinically recognizable osseous
deformity, most commonly involving the forearm (50%), ankle
(45%), or knee (20%)1. In our series, respective numbers were
in the same range: 80% had a visible deformity, involving the
forearm (44%), ankle (32%), or knee (40%).

In two reported series of patients with multiple heredi-
tary exostoses, 66% to 74% had undergone at least one surgical
procedure and the average was two or three procedures1,2. In
the present series, 88% of adult patients and 48% of children
had had one or more surgical procedures, averaging 3.5 and 2.3
procedures per individual, respectively.

More than half of the female participants who had one or
more children reported complications during pregnancy and/or
delivery. Cesarean section was necessary in 34% of these women,
which was 2.5 times higher than that in the general Dutch pop-
ulation11. Wicklund et al. reported similar results2. In their series,
two-thirds of women with multiple hereditary exostoses reported
delivery by cesarean section, with 29% of these procedures being
secondary to pelvic osteochondromas. According to the authors,
women with multiple hereditary exostoses were at least twice as
likely as the general population to have a cesarean section.
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Malignant transformation of osteochondroma into chon-
drosarcoma has been estimated to occur in 1% to 6% of patients
with multiple hereditary exostoses, with the pelvis being the site
most often involved1,2,19. In our series, secondary chondrosarcoma
was reported by thirteen (7%) of 184 adults. However, as a
considerable number of adults in our group were relatively young,
the lifetime incidence may be higher. The percentage found in our
study should, however, be regarded with some caution, as patients
who are more severely afflicted, as in those with malignant
transformation, might be more inclined to participate in a quality-
of-life survey. The mean age at the time of diagnosis of malignant
degeneration is younger than that for chondrosarcoma in general20.
The mean age at the time of chondrosarcoma diagnosis in the
present series was thirty-five years, in concordance with Ochsner21,
who found that the mean age at the time of diagnosis of malignant
degeneration was thirty-one years for fifty-nine patients with
multiple hereditary exostoses.

The main limitation of the present study is its subjective
character. As quality of life is by definition a subjective matter,
and the sample obtained is highly representative of patients
with multiple hereditary exostoses in the Netherlands, this does
not appear to affect the results. Whether these results in the
Dutch setting can be extrapolated worldwide is uncertain be-
cause of possible cultural, occupational, and geographic dif-
ferences. A further limitation of the study is that, unlike the
adult questionnaire, which included the RAND-36, no vali-
dated pediatric quality-of-life assessment tool was used. The
general applicability of the results of our study may be further
hampered by the fact that, even with questions in the ques-
tionnaire referring to any perceived temporal change in the
patient’s situation, the results provide information mainly at a
single time point. Further research into the changes in quality-
of-life issues over time is currently being performed. This
longitudinal survey may also reveal correlations among phe-
notypic expression (i.e., disease severity), clinical findings, and

quality of life, thereby enabling us to devise a more objective
tool to predict outcome.

In conclusion, this study confirms that multiple hereditary
exostoses is a chronic, often painful disease that has a more
profound impact on quality of life than is generally suspected.
Our results suggest that pain is not the only important problem
associated with multiple hereditary exostoses, but pain has an
extensive influence on the activities of daily life as well as on social
and psychological well-being, causing significant disability.

Appendix
Tables showing employment status of adults; children’s
perception of their experience with the disorder; the

prevalence, frequency, and severity of pain associated with the
disease; pain interference ratings in adults; and significant rela-
tionships between pain and other variables are available with the
online version of this article as a data supplement at jbjs.org. n
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