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Abstract: Osteogenesis Imperfecta (OI) is a genetic disease characterized by osteopenia and bone
fragility in which the craniocervical junction is also affected. This is of special relevance due to the
high prevalence in anomalies described in the literature as follows: basilar invagination, basilar
impression, and platybasia. Methods. We analyzed 19 lateral skull radiographs and 14 magnetic
resonance images (MRIs) of 28 patients with OI in which eight linear and five angular measurements
were plotted to determine the existence of craniocervical junction anomalies and compare them with
38 lateral skull radiographs and 28 MRIs performed on age-matched healthy controls. Results. From
the reference values obtained from the control sample for each age group, we established the limit
value at which pathology could be suspected. Some of the variables studied showed a clear trend
associated with growth. More than half of the patients (60.71%) presented an anomaly in the skull
base. Conclusions. According to the diagnostic criteria used and taking +2.5 SD as the limit value,
10.71% of the patients had basilar invagination, 35.71% had basilar impression, and 39.29% had
platybasia, the latter being the most common finding.

Keywords: osteogenesis imperfecta; craniocervical junction; platybasia; basilar impression; basilar
invagination; magnetic resonance imaging

1. Introduction

The craniocervical or craniovertebral junction (CCJ) is a complex transition between
the skull and the cervical spine involving two essential neurological structures, which
are the brain and the spinal cord; it is formed by the occipital bone and the first two
cervical vertebrae [1,2]. Osteogenesis Imperfecta (OI) is a genetic disease characterized
by a reduction in bone mass with associated fragility. This bone alteration also affects the
CCJ, which is one of the most important complications of OI. It is of special relevance since,
in addition to the high prevalence of up to 37% in basilar anomalies in these patients as
described in the literature, such deformations of the skull base can compress the brain stem
with potentially severe neurological consequences, and they may even become lethal [3].
There are three common anomalies as follows: basilar invagination (protrusion of the
odontoid process into the foramen magnum), basilar impression (position of the odontoid
process above the caudal borders of the skull without penetrating the foramen magnum),
and platybasia, which is defined as the flattening of the skull base [4]. Basilar invagination
can be a solitary finding resulting from a number of developmental anomalies, or it can
be associated with a more complex developmental process such as Chiari malformation.
In the case of basilar impression, the malposition of the odontoid process is secondary to
traumatic changes or bone softening in diseases such as OI among others [5]. Platybasia
may be associated with basilar impression and basilar invagination. Platybasia alone does
not usually cause symptoms unless it is associated with basilar invagination [6].

However, there are few studies in the literature on parallel measurements of struc-
tures in voluntary controls [7]. Although data on normal CCJ dimensions and changes
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in the growth of healthy children are a prerequisite for accurate diagnosis and a better
understanding of the development of basilar anomalies, these are scarce. Knowledge of
the normal variation in anatomical relationships and the effect of growth at the CCJ is
crucial for the diagnosis of pathological conditions in this area. Basilar invagination and
basilar impression may originate from skeletal alterations during infancy [3]. In fact, there
is evidence that adolescence is the period when there may be progression of basilar impres-
sion in children susceptible to CCJ abnormalities, and early intervention may prevent the
progressive progression of this anomaly leading to mortality [1].

Basilar impression is considered a frequent complication of OI although the number
of cases published up to the 1980s was low [8] possibly because many were asymptomatic.
Since the 1980s and 1990s, the neurological complications of OI in the form of basilar
impression/invagination and their consequences have been recognized through a higher
number of publications. Some of them report symptomatic cases with different neuro-
logical manifestations and their complications [9–14]. Others reflect and emphasize their
progressiveness to the point that they become another cause of lethality of the disease
itself [8,15–18]. Some symptomatic cases presented very early on without any indication
of such progressiveness may have also been reported [19]. Many of these cases justify
the need for the early detection of such anomalies in order to avoid serious neurological
consequences requiring neurosurgical interventions, which do not always limit progression
in the affected group [20–22].

The most recent studies reflect a higher number of affected cases. Sawin PD and
Menezes AH [23] in 1997 reported the presence of basilar invagination in the 18 patients
included in their study based on a classic radiological diagnosis enhanced with computed
tomography (CT) and magnetic resonance imaging (MRI). One year later, Engelbert RH
et al. [24] confirmed basilar impression in 19% of the children studied (8/42) by radiography
and MRI. Janus et al. in 2003 [25] confirmed basilar impression in 6.1% of the cases (8 cases)
diagnosed from 130 lateral radiographs with a suspicion of it in 13 cases and confirmation
in 8 cases using MRI. The discrepancy between the percentages may reflect not only
methodological but also conceptual differences.

The main objective of this study is to analyze the craniocervical junction in patients with
OI and compare it with a sample of healthy patients matched by age and sex who present
normal cephalometric values for the cranial base. In addition, the aim is to establish the limit
values from which pathology is determined in these patients while analyzing the higher or
lower frequency of appearance for each of the alterations of the craniocervical junction.

2. Materials and Methods
2.1. Study Design

A retrospective cross-sectional study was performed based on a cephalometric analysis
of the skull base, lateral skull teleradiography, and brain magnetic resonance imaging (MRI)
of children with OI compared with a sample of age- and gender-matched controls without
pathologies associated with alterations in the CCJ.

2.2. Ethical Aspects

The present study was approved by the Clinical Research Ethics Committee of the San
Carlos Clinical Hospital (C.P.-C.I. 13/033-E) as well as by the University Hospital of Getafe
(A07-15) in Madrid, Spain, in accordance with the ethical precepts formulated in SAS Order
3470/2009 and the Declaration of Helsinki of the World Medical Association on ethical
principles for medical research involving human subjects and its subsequent revisions.

2.3. Study Sample and Controls

To be included in the study sample, all participants had to have a diagnosis of OI, a
previously performed brain MRI or lateral skull X-ray, an age of up to 18 at the time of the
complementary test, and both parental/guardian consent and assent of the minor. Cases
in which the MRI or lateral radiographs had not been performed under a standardized
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protocol or were of insufficient quality to obtain a correct cephalometric diagnosis were
excluded. The initial sample consisted of 14 MRIs and 22 lateral skull radiographs (LSRs),
with 3 of the latter being excluded in accordance with the exclusion criteria.

For each patient included in the study sample, two age- and gender-matched healthy
controls were included in the control sample, providing the imaging tests for the study of
the CCJ. The University Hospital of Getafe provided the MRI scans, taking into account the
inclusion criteria for the control sample, which included patients without CCJ alterations.
A radiological center collaborating with the Faculty of Dentistry of the Complutense
University of Madrid provided the LSR, taking into account the same inclusion criteria for
the control sample.

All imaging tests were coded according to the Organic Law of Data Protection by a
researcher blinded to the research objectives.

2.4. Research Systematics

All images were performed following a standardized protocol (Figure 1). The MRIs
were reviewed through the PACS program selecting the slices in which the odontoid process
was best analyzed. The analysis of the images was carried out by two examiners using
RadiAnt DICOM Viewer Software. One of the examiners analyzed the total sample at
two different times separated by 15 days, while the second examiner analyzed 30% of the
sample, thereby obtaining the inter- and intra-examiner concordance indexes. The total
number of images analyzed consisted of 42 MRIs and 57 lateral skull X-rays.

For data collection, 8 linear and 5 angular measurements were analyzed in all the
imaging tests included. In the case of the linear measurements, the distance of the odontoid
process to the following reference lines was determined, finding positive values when
the odontoid process exceeded these lines and the negative values in the opposite case
as follows:

• McRae’s line: distance from the anterior and posterior edge of the foramen magnum
(Basion and Opisthion).

• Chamberlain’s line: distance from the posterior nasal spine to the Opisthion.
• Modified McGregor: from the posterior nasal spine to the lowest point of the squamosal

surface of the occipital.
• Kovero’s line: line parallel to the Nasion–Sella line passing through the most caudal

point of the posterior cranial base (point M).
• Wackenheim’s line: perpendicular distance from the posterior border of the odontoid

process to the Basion–Sella line.
• Ranawat line: perpendicular line running from the center of the axis to the longitudinal

axis of the atlas.
• Modified Ranawat line: perpendicular line from the inferior border of the odontoid

process to the perpendicular axis of the atlas.
• Redlund–Johnell method: perpendicular distance from the midpoint of the inferior

border of the odontoid process to the modified McGregor’s line.

The angular measurements analyzed were as follows:

• Arponen angle: intersection between the line of Kovero and the line from the tip of
the odontoid process to the M point.

• Craniovertebral angle: formed by the Nasion–Sella line and the longitudinal axis of
the odontoid process.

• Clivus–canal angle or Wackenheim’s angle: formed by Wackenheim’s line (Sella–Basion)
and another line running along the dorsal aspect of the odontoid process.

• Anterior cranial base angle (basal angle): intersection between the Nasion–Sella and
Sella–Basion line.

• Boogard’s angle: located between the Sella–Basion–Opisthion points.
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Figure 1. Imaging tests included in the sample. (a) Lateral skull radiograph. (b) Magnetic resonance
imaging. (c) Analysis of the variables studied in the LSR.

2.5. Data Analysis

Data analysis was performed with the SPSS program version 22 for Windows, es-
tablishing a significance level of p < 0.05. Descriptive statistics were performed for the
quantitative and qualitative variables of the sample. The Student’s t-test was also used for
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the comparison of two means in the case of normal distributions using the Mann–Whitney
U test for non-normal distributions. For the comparison of multiple means, ANOVA
was employed.

3. Results

Taking into account the inclusion and exclusion criteria, the final study sample con-
sisted of 14 MRIs and 19 LSRs of 28 OI patients aged 6 to 18, which were compared with
38 LSRs and 28 MRIs of age- and gender-matched healthy controls. For higher clarity
and the reliability of the results, comparisons were made between groups with the same
imaging test (LSR or MRI). The intraclass correlation coefficient was obtained for the in-
traobserver analysis, obtaining values between 0.81 and 1.00 for almost all the variables
except for McRae’s lines (0.79), the Ranawat line (0.79), and Boogard’s angle (0.8) located
in the LSR. However, these difficulties were solved by performing the analysis using MRI
in which the values obtained in the intraclass correlation coefficient for the intraobserver
analysis were 0.95–1.00. The interobserver agreement was almost perfect in all the variables,
with indices between 0.81 and 1.00. The second examiner analyzed 30% of the images in
the sample; the indices obtained in the interobserver agreement reflect the high reliability
of the measurements performed.

3.1. Reference Value in the Control Sample

Given that the CCJ changes with growth, Table 1 shows the reference values obtained
from the control sample presented by age groups and establishing the limit value of 2.5 SD
above which pathology can be suspected.

Table 1. Reference values in the control sample marking the level of pathology from 2.5 SD.

Variables
Non-OI Patients (Mean ± SD)

6–8 Years
(n = 10)

9–11 Years
(n = 16)

12–14 Years
(n = 14)

15–18 Years
(n = 26)

D-McRae line
Mean + 2.5 SD

−4.35 ± 2.44
1.75

−5.03 ± 1.62
−0.98

−5.00 ± 1.74
−0.65

−4.42 ± 2.42
1.63

D-Chamberlain line
Mean + 2.5 SD

−1.99 ± 2.85
5.12

−2.07 ± 2.38
3.88

−1.73 ± 2.70
5.01

−1.98 ± 3.79
7.51

D-Modified McGregor line
Mean + 2.5 SD

−0.03 ± 2.74
6.83

−0.08 ± 2.56
6.32

−0.42 ± 2.58
6.03

−0.77 ± 4.00
9.24

D-Kovero line
Mean + 2.5 SD

−4.71 ± 2.77
2.21

−5.05 ± 3.18
2.91

−4.82 ± 3.66
4.34

−5.09 ± 4.68
6.61

D-Wackenheim line
Mean + 2.5 SD

−2.52 ± 2.22
3.02

−3.75 ± 1.81
0.78

−3.45 ± 2.10
1.79

−2.02 ± 1.91
2.76

Ranawat line
Mean + 2.5 SD

12.49 ± 1.65
8.36

14.55 ± 1.79
10.09

15.63 ± 1.86
10.98

14.91 ± 1.80
10.41

Modified Ranawat line
Mean + 2.5 SD

23.31 ± 2.12
18

26.20 ± 2.27
20.52

28.58 ± 2.93
21.27

26.90 ± 2.62
20.34

Redlund–Johnell method
Mean + 2.5 SD

29.12 ± 4.74
17.27

32.41 ± 3.41
23.88

35.86 ± 5.06
23.23

34.97 ± 4.00
24.96

Arponen angle
Mean + 2.5 SD

7.06 ± 4.38
18.01

8.05 ± 4.93
20.37

9.34 ± 5.24
22.43

10.20 ± 4.91
22.47

Craniovertebral angle
Mean + 2.5 SD

89.45 ± 7.13
71.63

95.73 ± 6.55
79.35

91.77 ± 8.14
71.42

90.74 ± 7.66
71.58

Clivus–canal angle
Mean + 2.5 SD

145.31 ± 7.34
126.97

154.15 ± 7.71
134.87

150.43 ± 9.72
126.13

153.30 ± 6.55
136.94

Anterior cranial base angle
Mean + 2.5 SD

135.72 ± 5.16
148.61

132.43 ± 4.42
143.48

132.74 ± 3.77
142.17

128.98 ± 6.60
145.47

Boogard angle
Mean + 2.5 SD

123.47 ± 6.09
138.7

120.62 ± 5.82
135.18

121.42 ± 7.80
140.92

118.04 ± 5.84
132.63

SD (standard deviation).
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In the light of the data reflected in Table 1, the authors conclude that there are variables
such as the McRae D-line, Chamberlain D-line, or Kovero D-line distances that do not show
a clear trend associated with growth. However, in the case of the modified D-McGregor’s
line, it can be deduced that the odontoid process is more caudal with increasing age with
respect to the base of the skull. The Ranawat line as well as the modified Ranawat line
increase with growth, stabilizing at 14 years of age and even decreasing thereafter; the
same happens with the Redlund–Johnell method.

In the case of measurements such as the Arponen angle, it can be deduced that the
odontoid process has a more caudal location with respect to the base of the skull the smaller
the patient is, and this becomes closer with growth. The angle of the anterior cranial base
decreases with age, with similar values between 9 and 14 years of age.

3.2. CCJ Alteration in OI

Taking these values and the pathology limit of 2.5 SD as a reference, 17 of the
28 patients with OI (60.71%) presented some anomalies in the skull base. Three patients
had radiographic signs of basilar invagination. All three patients had severe OI, two of
them were 9 years old (diagnosis made using MRI) and one was 13 years old (diagnosed on
a LSR). The values for these patients were as follows: 0.1 mm and 8.3 mm in the 9-year-old
patients and 6.1 mm in the 13-year-old patient.

Several patients in the OI sample met some basilar impression criteria; three patients
presented a Chamberlain measurement of >2.5 SD; four were above the McGregor and
Kovero measurements; two were above Wackenheim; three presented values that were
2.5 times lower in the Ranawat and 1 in the modified Ranawat; five in the Redlund–Johnell;
four were above the Arponen; one was below the craniovertebral angle; and two were
below the clivus–canal angle. The means and SD values were obtained from our control
sample with matched patients of the same age and gender (Table 2).

Table 2. Craniocervical junction affectation in the study sample.

N

Basilar
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1

2 21.7

3 22.7

4

5

6 8.3 9 10.7 4.5 3.8 7.2 18.2

7 0.1

8

9 22.7 147.1 137

10 28

11 6.1 16.7 32.8 33.8 9.3 9.7 −5.7 41.8 67.1 97.9 166.6 174.2

12 154.8

13



Appl. Sci. 2024, 14, 1640 7 of 12

Table 2. Cont.

N
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14 6.2 8.6 143.2

15 157.6

16 142.1

17 148.8

18

19

20

21 10.1 23

22 10.4 147.7

23

24

25 135.5

26

27 146.2

28 10.2 17 13.9 13.6 136.5 147.1 148.8

By analyzing how many patients in the OI sample presented platybasia, 9 of the 28 had
a basal angle higher than 2.5 SD, and four had a Boogard angle higher than 2.5 standard
deviations above the mean of children of the same age (Table 2).

4. Discussion

The reliability of CCJ measurements has been analyzed at different moments through-
out the literature [3,26–28]. Most authors find a greater difficulty in measurements with
radiographs given the greater difficulty in the localization of certain anatomical points,
such as the Basion and Opisthion points, which has an impact on the measurement of the
anterior cranial base angle, McRae’s line, and Chamberlain’s line. For authors such as
Arponen et al. [3], these difficulties can be overcome with the measurement of McGregor’s
line, which is one of the most reproducible lines of measurement. These authors also con-
clude that these differences in localization lead to numerical differences in the calculated
values although they do not mean major differences. Authors such as Kwong et al. [27]
find Wackenheim’s line to be the least reliable of the measurements, and Lee et al. [29] find
the greatest difficulties in the McRae and Ranawat lines.

The anatomical points are located in a similar way in LSRs and in MRIs, so the value
of the measurements is independent of the image modality [29,30]; however, we found
that there are many differences when comparing both diagnostic tests. LSRs have the main
disadvantage of overlapping structures, which makes it difficult to determine the location
of certain anatomical points, such as the center of the sclerotic ring of the axis. However,
these discrepancies are overcome when performing the measurements using MRI since the
measurements are more reproducible due to the avoidance of overlapping structures in
a 3D image. But, due to the positioning of the patient’s head, there are points that may
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not be located in the selected slice using MRI since the extension or flexion of the neck
modifies the relationship of the odontoid process with other anatomical structures such as
the clivus [27], so it is essential that the positioning of the patient’s head follows a protocol
both for LSRs and for MRIs. In the present study, we selected the slice in which the most
superior point of the odontoid process of the axis, which was the reference for most of
the measurements, was best seen. Difficulties were found when locating the most anterior
point of the frontonasal suture (Nasion) in the same slice. Therefore, it is important to have
all the MRI slices, which serve as the orientation to locate the reference point.

Basilar invagination is studied with the McRae measurement or foramen magnum line.
Basilar impression can be analyzed by 10 measurements of which 7 are linear (Chamberlain,
modified McGregor, Kovero, Wackenheim, Ranawat, modified Ranawat, Redlund–Johnell)
and 3 are angular (Arponen, craniovertebral, clivus–canal). Platybasia can be evaluated by
means of the anterior cranial base angle and the Boogard angle [12,23–25,30–33].

The most commonly used reference line is McRae’s line, which determines the antero-
posterior dimension of the foramen magnum. In healthy patients, the tip of the odontoid
process of the axis should not project above this line [26,33–38]. Of the 28 MRIs of the
control patients, none have positive values for this line. However, the authors recognize the
difficulty in the localization of certain cephalometric points in LSR, as is the case for Basion
and Opisthion points, which takes on greater importance at this point in the MRI in which
these complications are suppressed. The same happens with Chamberlain’s line, which
gives rise to McGregor’s line in which most authors consider a projection above it that
is more than 7 mm in the odontoid process to be abnormal [27,39–41]. However, authors
such as Tassanawipas et al. criticize variables such as Chamberlain’s line and McGregor’s
line as they depend on the hard palate, and this can be distorted by an abnormal facial
configuration [30]. Kovero’s line eliminates the posterior nasal spine as a reference point in
craniovertebral analysis as this anatomical point is modified in patients with orthognathic
surgery, which is quite frequent in patients with OI [35]. In the same line of these statements,
the authors of the present work agree with other works in the literature and consider that
the variations that occur in the base of the skull are also associated with the malocclusion
present in patients with OI [42,43] in such a way that in cases of type III and IV OI, the
affectation and progression of malocclusion during growth are greater [44].

Angular measurements have also been widely used in the literature for CCJ analysis
although some variables, such as the craniovertebral angle, have been less widely used.
The present study has obtained a value similar to the one published by Kovero et al. [35],
suggesting that this angle remains constant with age.

The anterior cranial base angle is the best indication of platybasia and is frequently
associated with basilar invagination and basilar impression [39]. Using the diagnostic
criterion of selecting patients with a value of more than 2.5 SD may be clinically important.
The value observed for the control sample of the present study was 129.70◦ ± 6.45◦ (MRI
of the 28 controls, mean 16.32 years) and 133.06◦ ± 4.87◦ (LSR of the 38 controls, mean
11.2 years). These results are very similar to those published by Koenigsberg et al. [39],
with values of 129◦ ± 6◦ for adults and 127◦ ± 5◦ for children, and those published by and
Kovero et al. [35] with values of 129.8◦ ± 5.5◦ for adults. These authors also analyze the
Boogard angle, publishing values indicative of platybasia from 126◦ ± 9.4◦.

There are few studies on the anomalies of the CCJ in this disease even though we know
that the incidence is high and that the consequences can be fatal. One possible reason for
this is that OI is classified as a rare disease, so it can be difficult to find a sufficient sample.

Furthermore, there is no uniformity when cataloguing whether the patient with OI
presents pathology or not (Table 3), and the criteria used by the different authors vary
from one study to another [4,23–25,35,40,42,43,45,46]. The most common diagnosis is
considered to be pathological when the odontoid process protrudes more than 5 mm above
Chamberlain’s line or more than 7 mm above McGregor’s line, as postulated by Jensen
et al. [43]. According to these criteria, 5 of the 28 patients in this study presented values
of more than 5 mm at Chamberlain and, of these, 3 also obtained values above 7 mm at
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McGregor. Authors such as Sawin and Menezes are less strict, considering pathology from
2.5 mm at Chamberlain’s line or 4.5 mm at McGregor’s line [23]. According to this criterion,
9 of the 28 patients in the present study can be considered to present pathological values
for Chamberlain’s line and McGregor’s line.

Table 3. List of the limit values proposed by different authors.

Author (Year)

Diagnostic Criteria of Basilar Anomaly in OI
OI

Anomaly/Total
% (Age in Years)

Basilar
Invagination Basilar Impression Platybasia

McRae Chamberlain McGregor Kovero Arponen N-S-Ba

Jensen (1997)
[43] >5 mm >7 mm 10/52

19%

Sawin (1997)
[23] >0 mm >2.5 mm >4.5 mm 18/18

100% (<20)

Engelbert
(1998) [24]

8/47
17% (1–15)

Janus (2003)
[25] >0 mm >0 mm 8/130

6% (0–18)

Kuurila
(2003) [45] >0 mm >10 mm 9/42

21% (20–69)

Kovero (2006)
[35] >0 mm +3 SD +3 SD +3 SD +3 SD 14/54

15% (16–69)

Cheung
(2011) [4] >0 mm +3 SD +3 SD +3 SD +3 SD 41/187

22% (3–47)

Arponen
(2012) [40] >0 mm +2.5 SD +2.5 SD +2.5 SD 28/76

37% (0–39)

Arponen
(2014) [42] >0 mm +2.5 SD +2.5 SD 12/47

26% (1–19)

Arponen
(2015) [46] >0 mm +2.5 SD +2.5 SD 13/39

33% (0–25)

Present study >0 mm +2.5 SD +2.5 SD +2.5 SD +2.5 SD +2.5 SD 17/28
60.71% (6–18)

SD: Standard deviation.

Kovero’s study in 2006 [35] marked a milestone in the diagnosis of CCJ alterations
in patients with OI in several ways as follows: It conceptually clarified the three types
of alterations studied, which had been recognized as synonyms in previous studies. The
researchers also reflected on the importance of applying diagnoses that select the affected
patients better, and they left out the control sample. Under these premises, they considered
three anomalies of CCJ basilar invagination, basilar impression, and platybasia with a
precise definition used for each one, for which they applied more restrictive diagnostic
criteria. Thus, in their study sample (54 individuals), they diagnosed 22.2% of the cases
of basilar invagination and 11.1% of the cases of platybasia considering +2SD, although
+3SD would have more reliably reflected basilar impression, which would have reached
13.2–16.6%. For the diagnosis of basilar impression, they proposed a limit of 3 SD above
the mean for the Chamberlain, McGregor, and Kovero measurements (10.6 mm, 11.9 mm,
and 9.5 mm, respectively). In the case of platybasia and setting the 3 SD limit, the limit
value was 146◦ for the anterior cranial base angle [35]. According to these criteria, 10 of the
28 patients in the present study present an angle higher than 146◦.

In accordance with the presented results, in the sample of children with OI, 9 of the
28 (32.14%) can be considered to have a skull base anomaly if we set the cutoff at +3 SD and
by comparing the data with the age-matched controls. Of these 28 children with OI, 5 pa-
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tients present platybasia, with this being the most common finding, 4 present radiographic
signs of basilar impression, and 3 present basilar invagination. In the present study, a lower
limit of 2.5 SD is taken as the reference to ensure more sensitive evaluation since in the case
of children it is beneficial to identify all the subjects who need a closer follow-up during
growth. Following this methodology (+2.5 SD), 17 of the 28 patients with OI (60.71%) can
be considered to present an anomaly of the skull base. Of these, 3 patients (10.71%) present
basilar invagination, 7 (25%) basilar impression, and 11 (39.29%) platybasia.

Based on Kovero’s study, years later and in a sample of 187 individuals with OI,
Cheung MS [4] found that 22% of them presented an abnormality, with platybasia in 16%,
basilar impression in 6%, and basilar invagination in 4%. More recently, with the same
diagnostic parameters and in the search for an agreement in the monitoring and the follow-
up of skull base anomalies in children with OI, Wadanamby S et al. retrospectively studied
the data of 94 rx, tomographies, and MRIs; based on the radiographic study, 62% showed
platybasia, 11% basilar impression, and 1% basilar invagination [44]. They emphasized the
lack of concordance between the diagnostic methods (radiographs and MRIs). Although
there is higher diagnostic accuracy whenb using MRI, they reserved it for confirming the
diagnosis of symptomatic cases or when radiographic parameters were abnormal.

5. Conclusions

The variables analyzed in this study of the CCJ are directly related to the identification
of the different anatomical points, so reliability depends on accurate location.

In existing studies in the literature, the diagnostic criteria used to determine the
presence or absence of pathology in the CCJ are different. In the work presented here, we
have taken +2.5 SD as the limit value for the variables analyzed. According to this, 60.71% of
the OI patients presented an anomaly of the skull base, 10.71% basilar invagination, 35.71%
basilar impression, and 39.29% platybasia, with the latter being the most common finding.

6. Study Limitations

The intrinsic limitations of measuring lateral skull radiographs should be empha-
sized, and the authors opted for measurements by two examiners for this reason, thereby
achieving inter- and intra-examiner concordance. However, the fact that these images were
available for orthodontic and malocclusion diagnosis provided the advantage of being able
to use them for the analysis of the CCJ.

Furthermore, although all the diagnostic tests were performed under a standardized
protocol, they were not performed at the same center since the authors did not request the
performance of any of these radiographic examinations for the purpose of their inclusion
in the study.

Furthermore, we have to take into account that OI is a rare disease with a low prevalence.
Furthermore, the patients included in the study come to the Faculty of Dentistry for reasons
other than the study of CCJ alterations, so obtaining a large sample is a major difficulty.
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