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Abstract

Introduction  Osteogenesis imperfecta (OI) is a genetic
disorder characterized by bone fragility and fractures.
Patients with OI have clinical features that may range from
mild symptoms to severe bone deformities and neonatal
lethality. Numerous approaches for the classification of OI
have been published. The Sillence classification is the most
commonly used. In this study, we aimed at developing a
more refined sub-classification by applying a proposed
scoring system for the quantitative assessment of clinical
severity in different types of OL

Subjects and methods This study included 43 patients
with OI. Clinical examination and radiological studies were
conducted for all patients. Cases were classified according
to the Sillence classification into types I-IV. The proposed
scoring system included five major criteria of high clinical
value: number of fractures per year, motor milestones, long
bone deformities, length/height standard deviation score
(SDS), and bone mineral density (BMD). Each criterion
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was assigned a score from 1 to 4, and each patient was
marked on a scale from 1 to 20 according to these five
criteria.

Results  Applying the proposed clinical scoring system
showed that all 11 patients with Sillence type I (100%) had
a score between 6 and 10, denoting mild affection. The
only patient with Sillence type II had a score of 19,
denoting severe affection. In Sillence type III, 7 patients
(31.8%) were moderately affected and 15 patients (68.2%)
were severely affected. Almost all patients with Sillence
type IV (88.9%) were moderately affected.

Conclusions Applying the proposed scoring system can
quantitatively reflect the degree of clinical severity in OI
patients and can be used in complement with the Sillence
classification and molecular studies.

Keywords Osteogenesis imperfecta - Sillence
classification - Clinical scoring system - Radiological
manifestations - Genetics

Introduction

Osteogenesis imperfecta (OI) is one of the most common
genetic connective tissue disorders that primarily affect
bone, resulting in recurrent fractures. Patients with OI have
clinical features that may range from mild symptoms with a
scant number of fractures to severe bone deformities and
neonatal lethality [1].

Most cases with OI follow a dominant inheritance pat-
tern caused by mutations in either of the two genes
encoding type I collagen, COLIAI and COLIA2. Paternal
age effect for increased risk of new mutations has been
documented [2]. Studies of the clinically unaffected parents
in some families who had more than one child with
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dominant OI have shown that the cause of the occurrence is
parental germ line mosaicism. Clinically, the mosaic car-
riers are normal or minimally affected. They are most often
identified by having more than one child with the fully
manifesting heterozygous condition [3].

Recent investigations have generated a new paradigm
for OI incorporating many of the prototypical features that
distinguish dominant and recessive conditions within a
type I collagen framework [4]. The list of genes linked to
autosomal recessive (AR)-OI to date includes collagen-
modifying enzymes and chaperones CRTAP, FKBPIO,
LEPREI, PPIB, and SERPINHI [5-11]. It also includes
SERPINFI [12] and the transcription factor Sp7/Osterix
[13]. Most recently, a mutation causing deficient BMP/
mTLD proteolytic activity was identified in an AR-OI
family [14]. The discovery of these genes has provided new
insights into the bone biology and pathogenetic mecha-
nisms of OL

Several classification systems were proposed for OI,
based on clinical, radiological, and, recently, molecular
findings [15-20]. The most commonly used classification
proposed by Sillence et al. [17] included four types. This
classification has been expanded to include a greater range
of subgroups of patients (OI types V-IX; OMIM: 610967,
610968, 610682, 610915, 259440) [21]. van Dijk et al. [22]
proposed a revised classification of OI with the exclusion
of OI types VII and VIII, since these have been added
because of their AR inheritance, while the clinical and
radiological features are indistinguishable from OI types
II-IV. In the latest nosology and classification of genetic
skeletal disorders, Warman et al. [20] stated that the
genetic complexity of the molecular bases of OI has been
revealed with clear documentation of the extensive phe-
notypic variation arising from single loci. The authors
agreed upon retaining the Sillence classification as the
prototypic and universally accepted way to classify the
degree of severity.

Given the high heterogeneity in this group of patients
and from our experience at the Limb Malformations and
Skeletal Dysplasia Clinic (LMSDC) at the National
Research Centre (NRC), a referral centre for OI patients,
overlap can occur between the different Sillence types, as
the degree of clinical severity of the disease is not
expressed quantitatively. In this study, we propose a refined
sub-classification by applying a scoring system for the
quantitative assessment of clinical severity in 43 Egyptian
patients with OL

Subjects and methods

The study included 43 patients (17 males, 26 females) with
classic OI. All were recruited from the LMSDC, NRC, at
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their first visit. Ethical approval and appropriate informed
consent was obtained from all subjects or their parents
included in this study.

Each patient was subjected to complete history,
including the onset and disease course, as well as the
average number of fractures per year, three-generation
pedigree construction, and clinical examination with spe-
cial emphasis on motor milestones and the skeletal system.
Radiological evaluation was carried out for all patients.
Molecular studies were done for selected patients: off-
spring of consanguineous parents with a history of affected
sibs. Assessment was done prior to the initiation of bis-
phosphonate therapy or any surgical correction.

According to the age of presentation, severity of the
disease, and color of the sclera, patients were classified
following the Sillence classification [17] into four types.
We proposed a scoring system for the assessment of clin-
ical severity including five major criteria, namely, average
number of fractures per year, motor milestones, long bone
deformities, length/height standard deviation score (SDS),
and z-score of the bone mineral density (BMD). Each cri-
terion was assigned a score from 1 to 4, with 4 being the
most severe (Table 1).

Gross motor development

This was assessed in each patient according to Daly et al.
[23], with some modification. Four degrees were consid-
ered: (1) normal development; (2) delayed with catchup:
the age of achieving milestones was delayed but indepen-
dent walking was achieved eventually; (3) delayed with no
catchup: the time of passing milestones was delayed from
infancy and progress had been arrested at varying stages;
(4) abnormal/arrested: in these cases, milestones were not
passed in the defined order and development was arrested
at the sitting, crawling, or standing stages.

Length or standing height

Length was measured from birth up to 24 months of age
or, if the patient was unable to stand, using a measuring
table with a perpendicular piece and a movable piece.
Height was measured by a stadiometer. The patient stood
straight so that the heels, buttocks, and shoulders were in
contact with the wall. The head was positioned in the
Frankfort plane. In cases of leg length discrepancy or
contractures, the longest leg was used in all measure-
ments. Length and height measurements in children with
bone deformities are difficult to perform. Therefore, all
measurements were performed by personnel experienced
in dealing with subjects with deforming bone disorders.
Scores were given according to the length/height SDS, as
shown in Table 1.
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Table 1 Proposed scoring system of osteogenesis imperfecta (OI) patients

Criterion/points 1 2 3

Average number of 0-1 2-5 6-10
fractures/year

Gross motor Normal
development
(modified from Daly

et al. [23]
Degree of long bones No

Delayed with
catchup

Mild (noticed

Delayed with no catchup

Moderate (noticed by both clinical

>11

Abnormal/arrested

Severe (clearly visible by clinical

deformities —/+ deformity  only by examination and X-rays affecting examination and X-rays affecting all
scoliosis X-rays), no isolated long bones) —/4 mild scoliosis long bones), +severe scoliosis
scoliosis
Height SDS <-2.0 —2.1to —3.0 —3.1to =5.0 >-5.0
BMD (z-score) Normal Osteopenia Severe osteopenia Osteoporosis

z-score: —1.5 to
—-1.9

Score and degree of 5-10: mild  11-15: moderate

severity

z-score: —2.0 to —2.4

16-20: severe

z-score: <—2.5

SDS standard deviation score; BMD bone mineral density measured by dual-energy X-ray absorptiometry (DEXA)

Long bone deformities

These were assessed in each patient both clinically and
radiologically. Patients were divided into four groups
(score from 1 to 4) as follows: (1) no visible long bone
deformities both clinically and radiologically; (2) mild long
bone deformities seen by X-rays only (Fig. 1a); (3) mod-
erate deformities limited to one or two long bones detected
both clinically and radiollogically with or without mild
scoliosis (Fig. 1b); (4) severe deformities of all long bones,
with severe scoliosis (Fig. 1c).

Bone mineral density

The BMD was measured for all cases. Dual-energy X-ray
absorptiometry (DEXA) (Norland XR-46), software ver-
sion 3.9.6, was used to determine the BMD. DEXA was
done at two sites; hip bone (left femoral neck) and lumbar
spine from L2-L4. The equipment converts the information
received by the detector into an image. The results are
reported as a total amount of BMD of the hip or lumbar
spine, which is the amount of bone per unit of skeleton
area. The DEXA results were evaluated with those given in
the Norland XR-46 database for the Caucasian population.
The mean value of the BMD was expressed in g/cm”. The
BMD was expressed as z-score values, which is the dif-
ference in the number of standard deviations (SDs)
between the mean BMD value of the individual and a
group of people of the same age and sex. As bone density
varies greatly with age, the densitometry z-score is used in
the pediatric population and not the T-score usually used in
adults. According to the results of the BMD at the femur
and lumbar spine, patients were divided into groups as

follows: (1) normal (z-score —1.4 or greater); (2) osteo-
penia (z-score between —1.5 and —1.9 SD); (3) severe
osteopenia (z-score between —2.0 and —2.4 SD); and (4)
osteoporosis (z-score —2.5 or less).

The proposed scoring system put all the studied OI
patients on a scale in an attempt to cover the wide range of
phenotype variations and provide a calculated score for
each case. Each patient was put on a scale from 1 to 20.
Patients were classified into three categories: scores from 5
to 10 indicate mild condition, scores from 11 to 15 reflect a
moderate condition, and scores from 16 to 20 indicate a
severe condition.

Statistical analysis

Evaluation of the length and height was done by the use of
the z-score method. They were expressed as the SDS using
Egyptian references [24]. Values above or below 2.5 SDS
were considered to be abnormal. Comparison between
different OI types regarding the average number of frac-
tures per year, mean length or height SDS, and mean BMD
z-scores was carried out using Student’s 7-test and one way
analysis of variance between groups (ANOVA). A P-value
was considered to be significant if it was <0.05. Statistical
analysis was performed using the Statistical Package for
the Social Sciences (SPSS version 16).

Results
The characteristics of the studied patients are shown in

Table 2. Eight patients, with OI type I, were consistent
with AD inheritance or represent a de novo dominant

@ Springer



32

J Child Orthop (2012) 6:29-35

Osama Khalil Radi
oo aastn e ()

CLE BO0Y
123.04.13  [16:12]

Fig. 1 Degrees of long bone deformities in the X-rays of osteogen-
esis imperfecta (OI) patients. a X-ray of the lower limbs of a patient
with OI-I showing bilateral bowing of both femora with a healed
fracture of the lower end of the right femur, not visible clinically
(score 2). b X-ray showing deformed thin femora with callus
formation and mild scoliosis seen both clinically and radiologically,

Table 2 Characteristics of the studied patients

with no deformities of the long bones of the upper limbs in a patient
with OI-IV (score 3). ¢ A babygram of a patient with OI-II showing
generalized decreased bone density, narrow chest, fracture of ribs
with callus formation, platyspondyly, and deformed long bones with
crumpled femora and curved humeri, ulnae, radii, tibiae, and fibulae
(score 4)

Sillence Number/ Male:female Mean age at Parental Sporadic Familial cases Paternal age
type percentage presentation consanguinity (de novo) above
(%) in years (range) cases Affected Affected 35 years
parent sibs
OI-1 11 (25.5%) 2:9 6.6 (3.3-12.6) 3/11 4/11 4/11 3/11 4/11
OI-1I 1 (2.3%) 1 Female 0.5 0/1 171 0/1 0/1 171
OI-1IT 22 (51.1%) 11:11 5.5 (1.4-17.8) 13/22 4/22 6/22 12/22 522
Ol-1V 9 (20.9%) 4:5 10.0 (3.9-20.0) 6/9 5/9 0/9 4/9 4/9
Total 43 (100%) 17:26 5.7 (0.05-20.0) 22/43 14/43 10/43 19/43 14/43

mutation; four of them had an affected parent. In OI type II,
our single patient represented a de novo mutation with a
high paternal age (50 years old). In OI type III, ten patients
represented AD inheritance or de novo mutation; six of
them had parental affection. In OI type IV, five cases
represented a de novo mutation.

Molecular studies of 14 consanguineous families with a
history of affected sibs including 19 available patients
revealed novel mutations in the known AR-OI causative
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genes in six families with seven available patients (unpub-
lished data) and the reporting of new AR-OI causative genes
in two families with three available patients [13, 14]. No
mutations in the known AR-OI causative genes were
identified in six families with nine available patients, sug-
gesting parental germ line mosaicism or the possibility of
the presence of other unknown AR-OI causative genes.
By applying the proposed scoring system to the ten
proven patients with AR-OI, a score between 16 and 19
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denoting severe affection was calculated for nine patients,
classified as OI-IlI, with PPIB, CRTAP, LEPREI, SER-
PINF1, BMPI novel mutations. The only patient with OSX
mutation classified as OI-IV had a score of 14 (moderate
severity).

Comparing the patients’ findings according to their
Sillence type revealed the following in each criterion:

Average number of fractures/year The onset of fractures
in the studied cases varied. More than 50% of patients
with type I fractures started in early childhood, fractures
in OI-II started at birth in 40% of cases and during
infancy in 60% of cases, and 77% of patients with OI-IV
fractures had fractures that started from birth to infancy.
Lower limb fractures were more common in all types.
Although not statistically significant, the mean number
of fractures per year was increased in OI types III (8.5)
and IV (5.75) compared to type I (3.89).

Gross motor development Nine cases with OI-I had
normal motor development (81.8%) and only two cases
had history of mild delay with catchup (18.1%). The
only patient with OI-II died at the age of 6 months with
no head support. In OI-III, only one case (4.5%) had
mild delay with catchup, 11 cases (50%) had delayed
motor development with no catchup, and ten cases
(45.4%) had abnormal/arrested development and were
not able to move independently. In OI-IV, five cases
(55.5%) had normal motor development, one case
(11.1%) had history of mild delay then catchup, and
three cases (33.3%) had history of abnormal/arrested
development.

Degree of long bone deformities Long bone deformities
in the form of malunion, bowing, angulation, loss of
bone modeling, and epiphyseal calcifications were
predominant findings in all patients with OI-III, the
only patient with OI-II, 45.5% of OI-I patients, and
88.8% of OI-IV patients. Scoliosis was more common in
the studied patients with types III and IV (55.5% and
45.4%, respectively).

Length/height SDS Almost all (91.3%) cases with OI-IIT
had short stature compared to 30% of OI-I and 75% of
OI-IV patients. The mean length/height SDS for types I,
III, and IV were —1.8, —5.6, and —4.23, respectively.

The results of ANOVA showed a highly significant
difference between different types (P value = 0.0001).
Bone mineral density The mean z-score value of the
BMD for all cases was —2.83 SDS, indicating osteopo-
rosis. However, the mean values were significantly
decreased in types III and IV (—3.37 and —2.73,
respectively) compared to type I (—1.55). ANOVA
showed a highly significant difference in the DEXA
mean z-score values between different types
(P value = 0.009).

The degree of severity in Sillence OI types according to
the proposed scoring system is shown in Table 3.

Discussion

Osteogenesis imperfecta (OMIM: 166200, 166210,
259420, 166220) [21] is a bone-related genetic disorder
characterized by low bone mass and bone fragility that is
clinically and genetically heterogeneous. In an attempt to
provide a more refined sub-classification, we selected five
major criteria of high clinical value and proposed a score
for each. This scoring system was applied to the studied
patients, classified according to Sillence types, to test its
significance and applicability for clinical purposes. The
selected criteria included the following.

Average number of fractures per year

Recurrent fractures were the most common and persistent
finding in the studied patients. Chavassieux et al. [25]
stated that, for most patients, the presence of multiple
fractures early in life, with or without blue sclera, is usually
sufficient to establish the diagnosis.

Rauch et al. [26] found no significant relationship
between the presence of limb deformities and fractures at
birth with either the type of affected collagen 1 alpha chain
or the substituting amino acid in AD OI patients. However,
recurrent fractures result in bone deformities and can lead
to significant physical handicap. The mean number of
fractures per year in the studied patients was increased in
OI-III and OI-IV compared to OI-I. Correlations between

Table 3 Degree of severity in OI types according to the proposed scoring system

Sillence type Mild (score: 5-10)

Moderate (score: 11-15)

Severe (score: 16-20)

OI-1 11 cases (100%) (range: 6-10) 0
OI-I1 0 0
OI-III 0

OI-1IV 1 case (11.1%) (score: 10)

7 cases (31.8%) (range: 11-15)
8 cases (88‘9%)b (range: 11-15) 0

0
1 case (score: 19)
15 cases (68.2%)" (range: 16-19)

# Including nine patients with autosomal recessive osteogenesis imperfecta (AR-OI)

" Including one patient with AR-OI (OSX mutation)
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the number of fractures per year and height measurements
indicated that height was decreased with the increased
number of fractures.

Gross motor development

Delayed motor milestones were one of the most trouble-
some complaints for our patients that disturbed their life-
styles. Usually, OI patients have normal mentality but their
inability to walk limits their school performance and social
activities. The severity of affection in the studied patients
correlated with the degree of delay in physical milestones.
The early achievement of motor milestones contributes to
the ability of independent walking. According to our study,
most patients with OI-III and some of the OI-IV patients
were unable to walk independently.

A few studies have examined the relationship between
the achievement of developmental function and eventual
mobility status. In infants with OI types III or IV, devel-
opmental milestones are delayed and the order of achieve-
ment of milestones differs from that normally expected
[27]. Engelbert et al. [28] stated that the type of Ol was
strongly associated with current walking ability. Patients of
type III and IV had a lower chance of ultimately walking
compared with those of type I. The authors reported that
Dutch children under the age of seven and half years with
types III and IV OI scored more than two standard devia-
tions below the median in the mobility domain.

Degree of long bones deformities —/+ scoliosis

From our results, it was noted that even patients with OI type
I can present with bone deformities, usually due to repeated
fractures, bad management, and malunion. The degree of
deformities is usually correlated to the severity of the dis-
ease. About half of the patients with OI-I, all patients with
OI-III, the only patient with OI-II, and 88.8% of patients with
OI-IV were deformed in different degrees related to the
severity of each case. Kyphosis and/or scoliosis were
detected in almost half of the patients with Ol types [Il and IV
and only one patient with OI type I. Bauze et al. [16] divided
their 42 patients with OI into mild, moderate, and severe
groups according to the deformity of long bones. None of the
patients in the mild group had scoliosis.

Length/height

Growth deficiency is a key feature of severe Ol and a
frequent feature of mild to moderate forms of the disease
[29]. Lund et al. [30] stated that the mean standing height
was reduced in all groups of OI patients, short stature was
frequent in type I, and severe in types III and IV. We found
a parallel relation between the severity and degree of short
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stature. Nearly 90% of OI-III patients had short stature
compared to 75% of OI-IV and 30% of OI-I cases. Rowe
et al. [31] reported a spectrum of disease severity within a
five-generation family; those most severely affected
exhibited more severe short stature and scoliosis relative to
those who were less severely affected. In a genotype—
phenotype study of 192 OI patients, Rauch et al. [32] noted
that patients with haploinsufficiency mutations were, on
average, taller than patients with helical mutations in the
alpha 1 or alpha 2 chains.

Bone mineral density

The BMD was significantly decreased in the studied
patients with OI-III and OI-IV compared to OI-I. Corre-
lations between the number of fractures per year and bone
density indicated that the number of fractures increased
with decreased BMD. Osteopenia was more severe in
patients with OI-I, while osteoporosis was more severe in
types I, III, and IV. Rauch et al. [32] found that the mean
lumbar spine BMD z-scores were higher in the haploin-
sufficiency group compared to both helical mutation
groups. They also found no significant association between
the lumbar spine BMD z-scores and the affected alpha
chain, the substituting amino acid, or the position of the
mutation on the triple helical mutations.

In conclusion, all patients with OI-I were mildly affected
and the only patient with OI-II had severe affection. In OI-
III, slightly more than two-thirds of the patients were
severely affected, while less than one-third were moderately
affected. Almost all patients with OI-IV were moderately
affected. According to the proposed scoring system, almost
all patients with proved AR inheritance had a severe clinical
affection. This study clarified that applying the proposed
scoring system can quantitatively reflect the degree of
clinical severity and provide a finer sub-classification to the
commonly used Sillence types. It might also help in the
follow-up after the initiation of therapy to measure the
patient’s response to treatment. Although molecular studies
are important for genetic counseling and the understanding
of the disease pathogenesis, they can add to the complexity
of disease classification. We recommend the application of
the proposed clinical scoring system in complement with
the Sillence classification and molecular studies.
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