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1 | INTRODUCTION

Multiple osteochondromas (MO, MIM #133700, #133701) is a rare
genetic condition with autosomal-dominant transmission that affects

Abstract

Multiple osteochondromas (MO) is a rare disorder, characterized by benign
osteocartilaginous tumors (osteochondromas), arising from the perichondrium of bones.
The osteochondromas increase during growth, frequently causing deformities and limi-
tations. Our study aims to analyze the data captured by the Registry of Multiple
Osteochondromas, to refine Istituto Ortopedico Rizzoli (IOR) Classification, providing a
representative picture of the phenotypic manifestations throughout the lifespan. We
conducted a single-institution cross-sectional study. Patients were categorized
according to IOR Classification, which identifies three patients' classes on the presence/
absence of deformities and/or limitations. The present dataset was compared with our
previously published data, to refine the classification. Nine hundred sixty-eight patients
were included: 243 children (<10 years), 136 adolescents (10-15 years), and 589 adults.
Of the entire population, half patients presented at least one deformity, and one quarter
reported at least one limitation. Compared with our previous study, the amount of chil-
dren was more than doubled and the percentage of mild/moderate cases was notably
increased, giving a better disease overview throughout the lifespan and suggesting a dif-
ferent cut-off for dividing Class Il in subclasses. We confirmed that MO is characterized
by phenotypic heterogeneity, suggesting that an early classification of the disease may
offer a useful tool to follow disease pattern and evolution, to support clinical practice,

and to propose timely interventions.
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the skeleton (Bovée, 2008). Pathogenic variants on EXT1 and EXT2
genes (OMIM #608177, #608210) lead to MO in 70%-94% of the
patients (Ahn et al., 1995; Jennes et al., 2009; Jurik, 2020; Pedrini
et al., 2011; Piombo et al, 2018; Stickens et al., 1996; Wuyts
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et al., 1993); for the remaining 6%-30% of MO patients, the disease
cause is still unclear.

The diagnosis is primarily based on clinical and radiological find-
ings. The signature feature of the disease is the presence of benign
osteocartilaginous tumors, named osteochondromas or exostoses
(OCs), arising from the perichondrium of bones, especially of long
bones. The lesions increase in number and dimension during growth,
gradually ossifying until skeletal maturity, after which no new OC
develops in most cases (Wuyts et al., 1993). These slow-growing
masses depending on the localization can lead to bony deformities,
functional limitations, and joint malalignment. Frequent additional
clinical manifestations are short stature, impingement of tendons, vas-
cular or neurological compromise, and pain (Bovée, 2008; Wuyts
et al., 1993). The most feared complication of MO is the progression
of an existing OC to secondary peripheral chondrosarcoma (SPC),
malignant cartilage-producing tumors with an incidence ranging from
0.5% to 20% (Hameetman et al., 2004; Jurik, 2020; Wuyts
etal, 1993).

The MO phenotype is heterogeneous—in terms of number of
OCs, clinical appearance, and functional limitation—with a notable
interindividual and interfamilial variability, ranging from almost inap-
preciable signs to severe impairment (Stieber & Dormans, 2005). To
date, mild MO is treated by palliative management of symptoms,
while surgery remains the treatment of choice to prevent or amelio-
rate deformities, pain, and other MO-related clinical manifestations
(Bovée, 2008; Darilek et al., 2005). A clear picture of factors affecting
the disease severity and progression in MO is still lacking. In this con-
text, the identification of classification systems for defining homoge-
neous cohorts of patients is essential, especially for comparing the
outcomes of specific interventions in different types of patients
among several centers. In addition, this classification should be easily
assessable, minimally invasive, and clinically relevant, to be captured
in routine care of MO patients.

To date, many classification systems for staging MO patients have
been proposed. Nevertheless, most of them are incomplete, focusing
only on a particular aspect of the disease, or require ad hoc investiga-
tions. For instance, some authors limited their classification only to
the deformities of a limb segment (forearm, ankle) (Jo et al., 2017;
Masada et al., 1989; Taniguchi, 1995), while other authors based their
classification on extensive radiographic investigations (Alvarez
et al., 2006; Fan et al., 2014; Shapiro et al., 1979). Other classifica-
tions were tested only in relatively small series and not formally vali-
dated (Francannet et al., 2001; Jager et al., 2007; Porter et al., 2004;
Schmale et al., 1994).

In fact, none of these classifications is widely used to describe the
MO phenotypes in a clinical setting (Francannet et al., 2001; Jager
et al., 2007; Porter et al., 2004; Schmale et al., 1994); this limits the
possibility to understand and monitor the behavior of the disease in
different cohorts of patients, thus complicating the management of
this condition. In 2013, we proposed the “IOR Classification,” a novel
clinical evaluation system for assessing MO patients based on their
phenotypic presentation, categorizing patients in three major classes,
each divided into two subclasses (Mordenti et al., 2013). The IOR
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classes were validated formally through an innovative machine learn-
ing model on a cohort of 289 MO patients, while subclasses were
never tested due to the limited number of patients. This Classification,
requiring few clinical information, easily obtained during a routine
physical examination, is helpful in monitoring the disease progression.
In 2013, was also established and implemented as a routine activity of
our Institution, IRCCS Istituto Ortopedico Rizzoli, the Registry of Mul-
tiple Osteochondromas (REM).

The present study aims to review and analyze the data collected
with the support of the REM during a period of 18 years, in order to
investigate the IOR classes and subclasses and to provide a more rep-
resentative picture of the phenotypic manifestations throughout the
lifespan, improving the understanding and management of this rare

condition.
2 | METHODS
21 | Participants and setting

This is a cross-sectional study, investigating a cohort of patients with
MO, admitted at a single-institution, from 2003 to 2020. Our hospital
is a national referral center for rare skeletal conditions and the coordi-
nator of the European Reference Network on Rare Bone Disorders
since 2017.

Data captured from hospital electronic health records, patients'
narrative reports, and medical documentation were stored into a
GDPR-compliant IT platform, on which the REM (ClinicalTrial.gov:
NCT04133285) relies; this platform is arranged to manage and update
retrospective and prospective data.

Inclusion criteria were males and females with a confirmed clinical
and/or radiographic diagnosis of MO (Bovée, 2008) and a detailed
visit from an orthopedic surgeon. The visit should include at least the
following parameters: age, sex, height, weight, number of skeletal sites
and bones with OC(s), assessment of upper and lower limbs align-
ment, assessment of range of motion at the big joints of the upper
and lower limbs. When available, inheritance details and genetic back-
ground were included. All inclusion criteria had to be satisfied for
enrolment in the present study. Patients with missing data that pre-
cluded to define the disease class were excluded. For each patient,
data were collected at a single time point.

The present study was approved by an independent review com-
mittee in September 2020 (12854/2020).

2.2 | Data collection and outcome assessment

Clinical data were collected according to a standardized protocol that
included patient demographics, inheritance, height, weight, body mass
index (BMI), number of OCs, presence and number of skeletal defor-
mities and functional limitations. The number of sites with OCs, the
presence of skeletal deformities, and joint limitations were established

by both physical examination and imaging data (radiographs, magnetic
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resonance imaging, computed tomography, and ultrasound), when
available. Patients were divided in four subgroups according to the
number of sites involved by OCs: <5, 6-10, 11-20, >20. Skeletal
deformities, considered as alterations of the normal bone alignment,
and functional limitations, considered as a restriction of range of
motion, are listed in Table S1.

Based on these data, patients were classified according to the
IOR Classification. This system (Table 1) identifies three classes of
MO patients characterized by the presence/absence of deformities
and/or functional limitations. In addition, each clinical class is sub-
divided into two subclasses according to the number of affected sites
(A and B).

In case of availability of biologic material (blood, saliva, DNA),
genetic analyses were performed to identify pathogenic variant on
EXT1 or EXT2 gene.

2.3 | Statistical analyses

Patients' characteristics were summarized stratifying by age in three
groups (<10, 10-15, 216 years) in order to compare the results from
the present study with our previously published data. Results were
expressed as medians (along with interquartile range, IQR) and per-
centages for continuous and categorical variables, respectively.
Anthropometric measures (height, weight, BMI) were reported both
as absolute values and as z-scores, calculated using Italian reference
charts (Cacciari et al., 2006).

Prevalence of demographic and clinical characteristics was com-
pared between groups with ;(2 test or Wilcoxon-type trend test,
where appropriate. The significance level was adjusted with
Bonferroni correction for multiplicity when post hoc ;(2 tests were
performed to compare the distribution of each category.

All analyses were performed with Stata 11.2 (StataCorp, College
Station, TX).

3 | RESULTS

Overall, 1065 MO patients were screened for eligibility. Nine hundred
sixty-eight patients (representing 91% of the entire cohort), who ful-
filled the inclusion criteria, were analyzed (Figure 1).

Patients' demographics and disease characteristics are summa-
rized in Table 2.

The dataset was composed of 243 children <10 years (25%),
136 adolescents aged between 10 and 15 years (14.1%), and
589 adults (60.9%). No significant difference was observed in gender
distribution, even if among children the percentage of males (60%)
exceeded the percentage of females (40%). Demographics information
is reported in Table 2.

The median age at evaluation was 5 years in the youngest group,
12 years in the intermediate group, and 37 years in adults. Average
height and weight were lower across all groups (especially among
adults) compared with the general Italian population.

Inheritance data were available for 882 patients (91.1%), with
58% of patients reporting parental transmission, almost equally dis-
tributed between maternal and paternal transmission (47.9% and
52.1%, respectively). Genetic assessment was performed in 931 cases,
839 of them (90.1%) had an EXT1 or EXT2 variant, while the remaining
9.9% was negative (Table 3). In line with previous studies (Pedrini
et al., 2011; Wuyts et al., 1993), pathogenic variants of EXT1 are asso-
ciated with a more severe phenotype, in comparison with EXT2 and
patients with no pathogenic variant are frequently characterized by
milder manifestations (Table 3).

As previously highlighted by many studies (Hameetman
et al., 2004; Jurik, 2020; Pedrini et al., 2011; Wuyts et al., 1993), our
results showed that the incidence of malignant transformation of an
OC into a SPC is a rare event, affecting 56 patients (5.8%) of the ana-

lyzed population, ranging from around 4% in Classes | and Il to 10.9%

MO patients screened

N =1065
97 MO patients with missing data
MO eligible patients
N =968
FIGURE 1 Flow chart of patients included in the study

Criteria Class Subclass TAB.L E 1 IOR Classification: disease
severity
No deformities—no functional limitations | 1A <5 sites with OC
1B >5 sites with OC
Deformities—no functional limitations Il 1A <5 sites with deformities
1B >5 sites with deformities
Deformities—functional limitations 1} A 1 site with functional limitation

1B >1 site with functional limitation

Abbreviations: IOR, Istituto Ortopedico Rizzoli; OC, osteochondroma.
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in Class Ill (p = 0.002). In addition, this feared complication has a
higher frequency in males compared with females (12.8% vs. 5.8%)
across all classes.

Patients' clinical features and classification of disease, stratified
by age group, are reported in Table 4. The class of disease increased
significantly with age (Wilcoxon-type trend test, p < 0.001). Most
patients were in Class | (46.7%), almost uniformly across all age groups
(61.3%, 45.6%, and 40.9%, respectively). Class Il was mainly represen-
ted in the two youngest groups (28.8% and 40.4% for <10 years and
10-15 years, respectively), while Class lll was most frequent among
adults (31.6% vs. 11.3%; p < 0.0001).

On average, nine bony sites per patient were involved. Nota-
bly, only adults exhibited OCs in more than 20 skeletal
sites (8.8%).

Of the entire population, 459 patients (47.4%) presented at least
one skeletal deformity, with almost all of them having less than
5 (433 out of 459; 94.3%). In addition, the skeletal deformities were
almost equally distributed between lower and upper limbs (18.1% and
12.4%, respectively).

Seven hundred thirty-four patients (75.8%) did not present any
functional limitation. Of the 226 patients with limitations, 122 (54%)
presented at least two joints involved.

Patients with joint limitations were mostly adults (183 out of 226;
80.9%). The limitations, as well as the deformities, were almost equally
distributed between lower and upper limbs (42.9% and 38.1%,
respectively).

The present dataset was compared with the data from our pre-
vious study (Mordenti et al., 2013), both in terms of patients' distri-
bution across age groups (Figure 2a) and across IOR classes
(Figure 2b).

TABLE 3

Genetic background

The mean age of the entire cohort was significantly lower in the
current dataset, because of a substantial increase in number of chil-
dren included (Figure 2a). In detail, the distribution of patients across
age groups was 25%, 14%, 61% (<10, 10-15, 216 years, respectively),
and the percentage of children was more than doubled compared with
the previous study (from 11% to 25%; post-hoc 2, p < 0.001). Con-
cerning the patients' distribution among the IOR classes, we observed
a significant increase in Classes | and Ill and a reduction of Class Il
(post—hocf, p < 0.001; Figure 2b).

The analysis of distribution between subclasses revealed that,
while Subclasses A and B were well balanced both in Classes | and
Il (60%/40% and 45%/55%, respectively), Class Il showed an
uneven distribution between Subclasses A and B (94% vs. 6%).
Therefore, in order to balance the distribution of patients across the
IOR Classification, we applied a different cut-off for Subclass II,
moving the value from 5 to 2. The updated distribution between IIA
and IIB subclasses changed as follows: 59% in IIA and 41% in |IB for
adults, 60% in IIA and 40% in IIB for the intermediate age group,
and 79% in IIA and 21% in IIB for the youngest population. Table 5
summarizes the grouping of MO patients among the classes and
subclasses with the original cut-off and the proposed revision ()(2,
p < 0.001). Revised IOR Classification is shown in Table 6 and
Figure 3.

4 | DISCUSSION

We described the largest European cohort of MO patients, adding fur-
ther evidence on how this disorder affects individuals throughout

their lifetime. Consistently with the available literature, we confirmed

Distribution of genetic variants and secondary peripheral chondrosarcoma among IOR classes and overall

Class | (N = 433)

Class Il (N = 274)

Class 1l (N = 224)

Male Female Male Female Male Female Overall
(N = 222) (N =211) (N = 140) (N = 134) (N =142) (N =82) (N =931)
EXT1, n (%) 85 (19.6) 117 (27.0) 86 (31.4) 98 (35.7) 114 (50.9) 61(27.2) 561 (60.2)
EXT2, n (%) 100 (23.1) 68 (15.7) 43 (15.7) 27 (9.9) 22(9.8) 18 (8.0) 278 (29.9)
Negative, n 37 (8.6) 26 (6.0) 11 (4.0) 9(3.3) 6(2.7) 3(1.4) 92(9.9)
(%)
Malignant degeneration
Class | (N = 452) Class Il (N = 287) Class Il (N = 229)
Male Female Male Female Male Female Overall
(N =232) (N = 220) (N=147) (N = 140) (N = 146) (N =83) (N = 968)
Presence of SPC, 14 (3.1) 6(1.3) 7 (2.4) 4(1.4) 17 (7.4) 8(3.5) 56 (5.8)
n (%)
Absence of SPC, 218 (48.2) 214 (47.4) 140 (48.8) 136 (47.4) 129 (56.3) 75 (32.8) 912 (94.2)
n (%)

Note: Percentages are calculated per each class and overall.

Abbreviations: EXT, exostosin genes; IOR, Istituto Ortopedico Rizzoli; SPC, secondary peripheral chondrosarcoma.
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Age groups, year

<10 10-15 216 Overall
(N = 243) (N = 136) (N = 589) (N = 968)
Disease stage, n (%) Class | 149 (61.3) 62 (45.6) 241 (40.9) 452 (46.7)
Class Il 70 (28.8) 55 (40.4) 162 (27.5) 287 (29.6)
Class Il 24(9.9) 19 (14.0) 186 (31.6) 229 (23.7)
Number of affected skeletal sites, n (%) 1-5 95 (39.1) 47 (34.6) 127 (21.6) 269 (27.8)
6-10 92 (37.9) 34 (25.0) 139 (23.6) 265 (27.4)
11-20 56 (23.0) 55 (40.4) 196 (33.3) 307 (31.7)
>20 0(0) 0(0) 85 (14.4) 85 (8.8)
Missing data 0(0) 0(0) 42 (7.1) 42 (4.3)
Number of bones affected by OCs Mean (SD) 7 (4.06) 8(4.37) 10 (5.49) 9 (5.15)
Median (IQR) 6(4,9) 7 (4,11) 9(5,13) 8(5,12)
Number of deformities, n (%) Without deformities 155 (63.8) 69 (50.7) 277 (47.0) 501 (51.8)
1 29 (11.9) 21 (15.4) 84 (14.3) 134 (13.8)
2 38 (15.6) 17 (12.5) 88(14.9) 143 (14.8)
3 16 (6.6) 5(3.7) 44 (7.5) 65 (6.7)
4 2(0.8) 12 (8.8) 44 (7.5) 58 (6.0)
5 1(0.4) 6 (4.4) 26 (4.4) 33(34)
26 2(0.8) 6(4.4) 18(3.1) 26(2.7)
Missing data 0(0) 0 (0) 8(1.4) 8(0.8)
Deformity localizations, n (%) Without deformity localizations 155 (63.8) 69 (50.7) 277 (47.0) 501 (51.8)
Lower limbs 36 (14.8) 29 (21.3) 110 (18.7) 175(18.1)
Upper limbs 32(13.2) 13(9.6) 75(12.7) 120(12.4)
Both lower and upper limbs 20(8.2) 25 (18.4) 115 (19.5) 160 (16.5)
Missing data 0(0) 0(0) 12 (2.0) 12(1.2)
Number of functional limitations, n (%) Without functional limitations 219 (90.1) 117 (86) 398 (67.6) 734 (75.8)
1 18(7.4) 10 (7.4) 76(12.9) 104 (10.7)
2 5(2.2) 7(5.1) 60 (10.2) 72(7.4)
23 1(0.4) 2(1.5) 47 (8.0) 50(5.2)
Missing data 0(0) 0 (0) 8(1.4) 8(0.8)
Functional limitation localizations, n (%) Without functional limitation localizations 219 (90.1) 117 (86.0) 398 (67.6) 734 (75.8)
Lower limbs 4(1.6) 4(2.9) 89 (15.1) 97 (10.0)
Upper limbs 19 (7.8) 10(7.4) 57 (9.7) 86 (8.9)
Both lower and upper limbs 1(0.4) 5(3.7) 37 (6.3) 43 (4.4)
Missing data 0(0) 0 (0) 8(1.4) 8(0.8)

Abbreviations: IQR, interquartile range, 25°-75°; OC, osteochondroma(s).

a slightly higher prevalence of MO in males and a shorter stature of
MO patients in comparison with the Italian population (Beltrami
et al., 2016; Bovée, 2008; Mordenti et al., 2020; Pedrini et al., 2011;
Schmale et al., 1994). Similarly, familial inheritance was present in
more than half of patients. In addition, the vast majority of patients
had an EXT pathogenic variant, and the distribution of pathogenic var-
iants is remarkably higher in EXT1 gene (Bovée, 2008; Francannet
et al., 2001; Jennes et al., 2009; Pedrini et al., 2011), showing a most
severe phenotype. Nonetheless, in our population, the rate of

malignant degeneration of an OC is in line with literature data
(Hameetman et al., 2004; Jurik, 2020; Pedrini et al., 2011; Wuyts
et al,, 1993). The incidence of this event seems to increase in Class Ill;
however, this evidence requires a larger cohort to allow for a more
adequate control of confounding factors.

Interestingly, we found that more than half of patients would not
develop skeletal deformities, and only less than one-fourth would
experience one or more functional limitations, during adulthood, thus

confirming the overall benign natural course of the disease.
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FIGURE 2 Comparison between current dataset and our previously published data. (a) Patients distribution by age. The bar chart shows the
comparison of patients' distribution across age groups. (b) Patients distribution by Istituto Ortopedico Rizzoli (IOR) Classification. The bar chart
represents the patients' distribution across the IOR classes

TABLE 5 Comparison between IOR Classification and revised IOR Classification patient distributions

<10 years

10-

15 years

216 years

OVERALL

IOR
Class

Abbreviations: IOR, Istituto Ortopedico Rizzoli; OC, osteochondroma(s).

The distribution among classes changed due to a significant
increase of mild cases. This was related to the proportion of children

aged less than 10 years, that in the present study was more than

N (%) IOR Subclassification N (%)
149 (61.3) IA (<5 sites with OC) 71(29.2)
IB (>5 sites with OC) 78 (32.1)
70 (28.8) 11A (<5 sites with deformities) 69 (28.4)
1IB (>5 sites with deformities) 1(0.4)
24 (9.9) I1IA (1 site with functional limitation) 18 (7.4)
IlIB (>1 site with functional limitation) 6(2.5)
62 (45.6) IA (<5 sites with OC) 31(22.8)
IB (>5 sites with OC) 31(22.8)
55 (40.4) 11A (<5 sites with deformities) 50 (36.8)
1IB (>5 sites with deformities) 5(3.7)
19 (14.0) 1A (1 site with functional limitation) 10(7.4)
IIIB (>1 site with functional limitation) 9 (6.6)
241 (40.9) IA (<5 sites with OC) 77 (13.1)
IB (>5 sites with OC) 164 (27.8)
162 (27.5) 11A (<5 sites with deformities) 152 (25.8)
1IB (>5 sites with deformities) 10(1.7)
186 (31.6)  lIA (1 site with functional limitation) 76 (12.9)
I1IB (>1 site with functional limitation) 110 (18.7)
452 (46.7) IA (<5 sites with OC) 179 (18.5)
IB (>5 sites with OC) 273 (28.2)
287 (29.6) 11A (<5 sites with deformities) 271 (28.0)
1IB (>5 sites with deformities) 16 (1.7)
229 (23.7) 1A (1 site with functional limitation) 104 (10.7)
IlIB (>1 site with functional limitation) 125 (12.9)
doubled

Revised IOR Subclassification N (%)
IA (<5 sites with OC) 71(29.2)
IB (>5 sites with OC) 78 (32.1)
11A (<2 sites with deformities) 55 (22.6)
1IB (>2 sites with deformities) 15 (6.2)
1A (1 site with functional limitation) 18 (7.4)
1IB (>1 site with functional limitation) 6 (2.5)
IA (25 sites with OC) 31 (22.8)
IB (>5 sites with OC) 31(22.8)
11A (<2 sites with deformities) 33(24.3)
1IB (>2 sites with deformities) 22 (16.2)
IIIA (1 site with functional limitation) 10 (7.4)
1IB (>1 site with functional limitation) 9 (6.6)
IA (<5 sites with OC) 77 (13.1)
IB (>5 sites with OC) 164 (27.8)
1IA (<2 sites with deformities) 95 (16.1)
1IB (>2 sites with deformities) 67 (11.4)
(

1A (1 site with functional limitation) 76 (12.9)
lIB (>1 site with functional limitation) 110 (18.7)

IA (<5 sites with OC) 179 (18.5)
IB (>5 sites with OC) 273 (28.2)
11A (<2 sites with deformities) 183 (18.9)
1IB (>2 sites with deformities) 104 (10.7)

IIIA (1 site with functional limitation) 104 (10.7)
1IIB (>1 site with functional limitation) 125 (12.9)

in comparison with the previous Classification study
(Mordenti et al., 2013). In addition, the presence of a larger series

allowed us to refine the IOR Classification, evaluating also subclass
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TABLE 6 Revised IOR Classification: o
X . Criteria Class Subclass
disease severity
No deformities—no functional limitations | 1A <5 sites with OC
1B >5 sites with OC
Deformities—no functional limitations 1] 1A <2 sites with deformities
11B >2 sites with deformities
Deformities—functional limitations I} A 1 site with functional limitation

B >1 site with functional limitation

Abbreviations: IOR, Istituto Ortopedico Rizzoli; OC, osteochondromafs).

Class Il Class Il
deformities

no limitations

(deformities)
limitations

no deformities
no limitations

INCREASING SEVERITY |

=

FIGURE 3 Disease worsening. A graphical visualization of three
classes according to multiple osteochondromas (MO) severity

distribution. In particular, the Subclasses A and B of Class Il resulted
as not representative of moderate MO manifestations. Our data
showed that the presence of >5 deformities is a rare event, resulting
in an inappropriate cut-off for clinical severity description. Accord-
ingly, we modified the criteria for moving from Subclasses IIA to |IB
(>2 deformities, instead of >5 deformities). This redefinition leads to a
more balanced patient distribution and a more useful tool for patients'
classification. The centralization of patients with rare bone disorders
in a specialized institution, the establishment of the REM and the
related dissemination activities may allow early screening, anticipated
management, and timely interventions in children. All these aspects
may ultimately influence the disease progression and the potential
long-term disability, reducing early skeletal deterioration and improv-
ing daily activities (Speerin et al., 2014).

We acknowledge that our study has few limitations. The classifi-
cation was assessed and validated in a previous study (Mordenti
et al., 2013) and was mainly based on the surgeon's physical examina-
tion. Nonetheless, some concerns remain due to the absence of a
radiographic assessment of the whole body that could result in an
underestimation of the OCs number. Moreover, the lack of detailed
surgical history in some patients could partially lead to mis-
classification. In addition, despite the large number of MO patients
enrolled, the IOR Classification may need multicentric studies as our
cohort was collected at a single-institution. Further research incorpo-
rating additional clinical data and surgical information, is needed to

assess the prognostic value of the revised Classification.

5 | CONCLUSION

We described the largest European cohort of MO patients, stratified
according to a classification system based on clinical examination. We
confirmed that MO presents with heterogeneous phenotypes and
severity, often changing during patients' skeletal growth. The refined
IOR Classification is capable to describe and monitor the disease man-
ifestations, thus supporting natural history study. Moreover, this sys-
tem may represent a useful tool to follow disease pattern and
evolution, to predict the outcomes, and to propose appropriate and

timely interventions.
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