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ABSTRACT

AIM: To establish the diagnosis of basilar invagination (BI) on the basis of specific bony landmarks Klaus’ index (KI), perpendicular
distance between the tip of the odontoid process and palato internal occipital protuberance (PI) line.

MATERIAL and METHODS: Forty-nine patients were analysed, who underwent surgery for Bl, between July 2020 and June 2023.
Radiological assessment was done in all the patients using reconstructed midsagittal images on computed tomography scans .

RESULTS: Mean age was 34.82 + 10.52 years with male preponderance (67.35%) in patients with Bl. We also analysed randomly
selected 120 control subjects (male: female = 59:61) with mean age 43.5 + 14.08 years. The mean distance of tip of the odontoid
process from Pl line in patients with Bl was 3.39 + 3.09 mm. The mean value of Kl in the patients with Bl was 28.57 + 1.68 mm.
Receiver operating characteristic (ROC)curve was used for analysing the distance of the tip of the odontoid process from PI line
in the patients with Bl which produced area under curve( AUC) of 0.97 (confidence interval [CI] -0.931 to 0.990, p<0.0001). Cut-off
point of 7.5 mm was identified for the distance of tip of odontoid process from PI line with sensitivity of 89.8% and specificity of
97.5% having 95.27% diagnostic accuracy for Bl. ROC curve analysis of value of Kl for the diagnosis of Bl produced AUC of 1( Cl:
0.978 to 1.000, p<0.0001). Cut-off value of 33.2 mm for Kl was identified for diagnosing Bl with 100% accuracy.

CONCLUSION: The distance of tip of the odontoid process from Pl line <7.5 mm and value of KI <33.2 mm, both of these
parameters can diagnose Bl with comparable accuracy to most widely used conventional radiological methods.

KEYWORDS: Basilar Invagination, Palato internal occipital protuberance, Klaus’ index, Odontoid process, Chamberlain’s line,
Diagnosis, Criteria

ABBREVIATIONS: CVJ: Craniovertebral junction, Bl: Basilar invagination, FM: Foramen magnum, CT: Computed tomography,
TwL: Twinning line, IOP: Internal occipital protuberance, Kl: Klaus’ Index, Pl: Palato internal occipital protuberance

B INTRODUCTION
The craniovertebral junction (CVJ) is the transitional

compression of the cervicomedullary junction (14,15,20).
Various etiologies contribute to Bl, such as hypoplasia of the
clivus and condyles of the occipital bone, hypoplasia of the at-
las, achondroplasia, atlantooccipital assimilation, and degen-
erative processes like rheumatoid arthritis, among others (26).

landmark connecting the head and the vertebral column.
It comprises the occiput, atlas, and axis. The CVJ
region incorporates numerous osseoligamentous and vital

neurovascular structures prone to congenital and acquired
malformations (15).

Basilar invagination (Bl) is one of the most common CVJ mal-
formations. It is characterized by the protrusion of the odon-
toid process into the foramen magnum (FM), resulting in the

Previously, the diagnosis of BI relied on autopsy findings;
however, in 1911, Schuller made a significant breakthrough
by establishing the first radiological diagnosis of Bl in a liv-
ing patient (22). Various radiological parameters have since
been developed to define Bl through linear and angular cra-
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niometric measurements, utilizing conventional radiographs,
magnetic resonance imaging (MRI), and computed tomog-
raphy (CT) scans (2,4,8,9,13,24). Linear craniometric meth-
ods often employ several anatomical lines for Bl diagnosis,
including McRae’s, Chamberlain’s, and McGregor’s lines and
the Wackenheim clivus baseline (4,8,10,11,27). Other cranio-
metric lines (i.e., Fishgold digastric and bimastoid lines) are
less commonly used.

The above mentioned craniometric lines rely on basion and
opisthion, which exhibit inherent anatomical variations in the
general population concerning their measurements and posi-
tions. Associated anomalies of the occipital bones, such as
congenital atlantal occipitalization (prevalence rate of 0.08%-
2.8%), further pose challenges in accurately delineating
these landmarks. Conditions like clival hypoplasia, condylar
hypoplasia, achondroplasia, and torticollis also contribute to
difficulties in accurately defining the position of basion and
opisthion (3,5). Additionally, surgical procedures used for cor-
recting CVJ malformations may involve the removal of parts of
the occipital bone, such as FM decompression. Consequent-
ly, these craniometric lines become irrelevant for diagnosing
Bl and establishing comparisons with preoperative measure-
ments in the postoperative period.

To address these challenges, we need landmarks that are
readily identifiable radiologically and remain constant in relation
to each other during the preoperative and postoperative
phases. The following lines, utilized in this study, are examined
to determine their efficacy as diagnostic tools in assessing BI.

1. Twinning line (TwL): This is a line connecting the tuberculum
sellae and the internal occipital protuberance (IOP) (Figure
1A). Klaus’ index (Kl), representing the perpendicular
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distance between the tip of the odontoid process and TwL,
is measured (Figure 1B). A lower value of Kl serves as an
indicator of Bl (9,12).

2. Palato-IOP (PI) line: This line connects the posterior part
of the hard palate to the IOP (Figure 2A). A perpendicular
length between the tip of the odontoid process and the
Pl line of <9 mm is used as a criterion for diagnosing BI
(Figure 2B) (21).

This study aimed to establish the diagnosis of Bl based on the
values of Kl and the perpendicular distance between the tip of
the odontoid process and the PI line. Additionally, we aimed
to investigate the conventional method of diagnosing Bl,
which involves assessing the relation of the tip of the odontoid
process with Chamberlain’s line and measuring the length of
the odontoid process above this line.

B MATERIAL and METHODS

This retrospective study was conducted in the Department of
Neurosurgery at a tertiary care center in northern India between
July 2020 and June 2023. Initially, 70 patients who underwent
surgery for Bl were analyzed. However, 21 were excluded due
to the unavailability of appropriate scans to define the required
bony landmarks or because they were either younger than 18
or older than 70. Eventually, 49 patients were included in our
study. Additionally, we enrolled a control group comprising
120 subjects (age range of 18-70 years) who were screened
for spine injuries following a history of head or cervical spine
injury, showing no radiological abnormalities on CT scans.
Ethical clearance for this study was obtained from the local
institutional ethical committee (EC/2023/3094; 30/5/2023).

Figure 1: A) Midsagittal reconstructed images of computed tomography scan of the craniovertebral junction and cervical spinal
demonstrating twinning line extending between tuberculum sellae and internal occipital protuberance (white arrow). B) Midsagittal
reconstructed images of computed tomography scan of the craniovertebral junction and cervical spinal demonstrating measurement of
Klaus’ index (small arrow) which is extending from tip of odontoid process to twinning line (large arrow).
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Figure 2: A) Midsagittal reconstructed images of computed tomography scan of the craniovertebral junction and cervical spinal region
demonstrating palato- internal occipital protuberance (Pl) line between the tip of posterior end of the hard palate and the internal
occipital protuberance (white arrow). B) Midsagittal reconstructed images of computed tomography scan of the craniovertebral junction
and cervical spine demonstrating measurement of perpendicular distance of the tip of the odontoid process (thin arrow) from palato-

internal occipital protuberance line (thick arrow).

CT Imaging Protocol

A 128-slice spiral CT scanner (Discovery Ultra, GE) was
employed for the computed tomography scan. The rotator
time was 0.5 s/rotation, with parameters set at 120 kVp and
200 mAs. The slice thickness and interval were both 0.625
mm, the field of view measured 240 mm x 240 mm, and the
matrix size was 512 x 512. Radiological assessment was
conducted in all patients utilizing reconstructed midsagittal
images.

Craniometric Analysis

The PI line was delineated, extending from the posterior
end of the hard palate to the IOP. Then, the perpendicular
distance (mm) between the tip of the odontoid process
and the PI line was measured. In cases where the tip of the
odontoid process touched or crossed the PI line, this length
was considered zero. The TwL was drawn, connecting the
tuberculum sellae and the IOP. The KI was calculated by
measuring the perpendicular distance (mm) between TwL and
the tip of the odontoid process. Chamberlain’s line was drawn
from the posterior pole of the hard palate to the opisthion,
and the length between the tip of the odontoid process above
Chamberlain’s line was measured (mm).

Statistical Analysis

The data entry was conducted using the Microsoft Excel
spreadsheet, and the final analysis was performed using the
Statistical Package for Social Sciences (SPSS) software ver-
sion 25.0 (IBM, Chicago, IL, USA). Categorical variables were
presented as numbers and percentages (%). Quantitative data
with normal distribution were expressed as mean + SD, while
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data with non-normal distribution were presented as median
with 25" and 75™ percentiles (interquartile range). Normali-
ty was assessed using the Kolmogorov-Smirnov test, and
non-parametric tests were applied when data were non-nor-
mal. The Mann-Whitney test (for two groups) and the Krus-
kal-Wallis test (for more than two groups) were employed for
quantitative variables not normally distributed. Variables with
a normal distribution were analyzed using the independent
t-test (for two groups) and ANOVA (for more than two groups).
The analysis of qualitative variables utilized the chi-square
test, and Fisher’s exact test was employed if any cell had an
expected value of <5. Receiver operating characteristic (ROC)
curves were utilized to evaluate the cut-off point, sensitivity,
specificity, positive predictive value (PPV), and negative pre-
dictive value (NPV) of KI, distance of the tip of the odontoid
process from the Pl line (mm), and length of the tip of the
odontoid process above Chamberlain’s line (mm) in predicting
BI. Statistical significance was set at a p-value of <0.05. Given
the random selection of the control group, there may be po-
tentially significant differences in age and gender between the
groups. Therefore, age- and gender-adjusted statistical meth-
ods were employed to avoid potential biases in the results.

B RESULTS
Demographic Analysis

In this study, we analyzed a cohort of 49 patients who
underwent surgery for Bl. The mean age of the patients was
34.82 + 10.52 years (range of 18-70 years), and there was
a predominance of males (67.35%, n=33) (Table I). Notably,
most patients (93.87 %, n=46) were below 40. Additionally, we



examined 120 control subjects (59 males and 61 females) with
a mean age of 43.5 + 14.08 years (range of 18-70 years).

Analysis of Bl Based on Pl Line

In control subjects, the mean distance of the tip of the
odontoid process from the Pl line was 12.77 + 3.03 mm,

Table I: Demographic Characteristics of the Patients with Basilar
Invagination

Demographic characteristics Patients with Bl (n=49)

Age (years)
18-30 15 (30.61%)
31-40 26 (53.06%)
41-50 5(10.20%)
51-60 1(2.04%)
61-70 2 (4.08%)
Mean + SD 34.82 +10.52
Gender
Female 16 (32.65%)
Male 33 (67.35%)

BI: Basilar Invagination.

Table IlIA: Comparison of the Perpendicular Distance of the Tip of
the Odontoid Process from PI line (mm) Between Control Group
and Patients with Basilar Invagination

Distance of tip of Odontoid process

from PI line (mm) Mean = SD
Control group (n=120) 12.77 +£ 3.03
Patients with Bl (n=49) 3.39 + 3.09
Total 10.05 +5.24
p-value <0.0001*

*Independent t test. PI: Palato-internal occipital protuberance, BI:
Basilar Invagination.
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while in patients with BI, it was 3.39 + 3.09 mm (Table 2A).
The reduction in the mean distance of the tip of the odontoid
process from the Pl line was statistically significant in patients
with Bl (p<.0001). Notably, this difference in measurement
remained non-significant when comparing various age groups
for both the control group (p=0.092) and the patients with Bl
(p=0.349) (Table 2B). Additionally, gender was not a significant
factor for either the control group (p=0.183) or the patients
with BI (p=0.639) in relation to this measurement (Table 2C).

Analysis of Bl on the basis of Ki

In the control group, the mean value of Kl was 44.57 +2.27 mm,
while in patients with B, it was 28.57 + 1.68 mm (Table 3A). The
mean value of Kl was significantly reduced in patients with Bl
(p<.0001). Furthermore, differences in KI measurements were
non-significant across various age groups for both the control
group (p=0.818) and patients with Bl (p=0.064) (Table 3B). In
the control group, the mean value of Kl was significantly higher
for males (p<.0001). However, gender was not associated with
the mean value of Kl in patients with Bl (p=0.603) (Table 3C).

Cut-off Value of the Distance of the Tip of the Odontoid
Process from the PI Line and KI for Diagnosing Bl

The ROC curve was employed to analyze the distance of the
tip of the odontoid process from the Pl line for diagnosing B,
resulting in an area under the curve (AUC) of 0.97 (standard
error (SE) of 0.0169, confidence interval (Cl) of 0.931-0.990,
p<0.0001). In ROC analysis, a cut-off point of 7.5 mm was
identified for the distance of the tip of the odontoid process
from the PI line in this study, where a distance of less than
7.5 mm was indicative of Bl. This value exhibited a sensitivity
of 89.8% and specificity of 97.5%, with a 93.6% PPV for
diagnosing Bl (Table IV, Figure 3).

The ROC curve analysis of Kl for diagnosing BI revealed
an AUC of 1 (Cl of 0.978-1.000, p<0.0001). In this study, a
determined cut-off value of 33.2 mm for Kl in ROC analysis
indicated that a Kl value below 33.2 mm was diagnostic of
Bl. This specific value demonstrated 100% specificity and
sensitivity and a 100% PPV for diagnosing BI (Table V, Figure
4).

Table IIB: Association of Distance of the Tip of the Odontoid Process from PI Line (mm) with Age Group in the Control Group and the

Patients with Basilar Invagination

Distance if tip of Odontoid process from Pl line in Distance of tip of Odontoid process from Pl line in

Age group control group (Mean * SD) (in mm) patients of Bl (Mean + SD) (in mm)
18-30 13.36 + 2.64 (n=21) 3.16 + 2.8(n=15)

31-40 12.28 + 3.26 (n=37) 3.92 + 3.47 (n=26)

41-50 11.92 + 2.88 (n=20) 0.84 + 1.15 (n=5)

51-60 13.95 + 3.03 (n=27) 3.3+ 0 (n=1)

61-70 12.31 + 2.72 (n=15) 4.5 + 0 (n=2)

Total 12.77 = 3.03 (n=120) 3.39 + 3.09 (n=49)

p-value 0.092* 0.349*

*Anova test. PI: Palato-internal occipital protuberance, BI: Basilar Invagination.
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Table IIC: Association of Distance of the Tip of the Odontoid Process from PI Line (mm) with Gender in the Control Group and the
Patients with Basilar Invagination.

Gender Dis_tan(_:e of tip of Odontoid process from Dist_anqe of Fip of Odontoid process from
Pl line in control group (mm) (Mean + SD) Pl line in patients of Bl (mm) (Mean = SD)

Female 12.41 £ 2.68 (n=61) 3.69 + 3.57 (n=16)

Male 13.15 + 3.34 (n=59) 3.24 + 2.88 (n=33)

Total 12.77 + 3.03 (n=120) 3.39 + 3.09

p-value 0.183* 0.639*

*Independent t test. PI: Palato-internal occipital protuberance, Bl: Basilar Invagination.

Table IlIA: Comparison of Klaus’ Index (mm) Between the Control
Group and Patients with Basilar Invagination

Klaus ‘ index (mm) Mean = SD
Control group (n=120) 44.57 £ 2.27
Patients with Bl (n=49) 28.57 + 1.68
Total 39.93 + 7.58
p-value <0.0001*

*Independent t test. BI: Basilar invagination.

Table I1IB: Association of Klaus’ index (mm) with Age Group in the Control Group and the Patients with Basilar Invagination

Age group Klaus’ index in control group (mm) (Mean + SD) Klaus’ index in patients with Bl (mm) (Mean + SD)
18-30 44.77 + 2.9 (n=21) 27.91 + 1.14 (n=15)

31-40 44.32 + 1.79 (n=37) 28.67 + 1.8 (n=26)

41-50 44.49 + 1.86 (n=20) 28.6 £ 1.7 (n=5)

51-60 44.5 + 2.68 (n=27) 30.2 £ 0 (n=1)

61-70 45.13 £ 2.2 (n=15) 31.3+0(n=2)

Total 44,57 + 2.27 (n=120) 28.57 + 1.68 (n=49)

p-value 0.818* 0.064*

*Anova test, BI: Basilar invagination.

Table HlIC :Association of Klaus’ index (mm) with Gender in the Control Group and the Patients with Basilar Invagination

Gender Klaus’ index in control group (mm) (Mean + SD) Klaus’ index in patients with Bl (mm) (Mean + SD)
Female 43.63 + 2.05 (n=61) 28.39 + 1.59 (n=16)

Male 45.54 + 2.08 (n=59) 28.66 + 1.74 (n=33)

Total 44.57 + 2.27 (n=120) 28.57 + 1.68

p-value <0.0001* 0.603*

*Independent t test, BI: Basilar Invagination.
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Table IV: Receiver Operating Characteristic Curve Analysis of Distance of the Tip of Odontoid Process from Palato- Internal Occipital

Protuberance (PI) Line (mm) for Predicting Basilar Invagination

Variables Distance of tip of odontoid process from PI line (mm)
Area under the ROC curve (AUC) 0.97

Standard Error 0.0169

95% Confidence interval 0.931 to 0.990

p-value <0.0001

Cut off <7.5 mm

Sensitivity (95% CI)

89.8% (77.8-96.6%

Specificity (95% CI)

PPV (95% Cl)

(
97.5% (92.9-99.5%
93.6% (82.5-98.7%

NPV (95% Cl)

)
)
)
)

95.9% (90.7-98.7%

Diagnostic accuracy

95.27%

PI: Palato internal occipital protuberance, ROC: Receiver operating characteristic, AUC: Area under curve, CI: Confidence Interval, PPV: Positive

predictive value, NPV: Negative predictive value.

100
- | Sensitivity: 89.8
80 H [specificity: 97.5
- | [Criterion : £7.5
> 60 H
=
= i
] -
7]
b4 R
S 40
20 H
0 =i | 1 1 l 1 1 | I | I | I | L L l 1 1 1 I

0 20 40 60 80 100
100-Specificity

100
- |Sensitivity: 100.0
- |Specificity: 100.0
-~ |Criterion : £33.2
80 H
Z 60 H
= P
A
&S 40 H
20 H
D 1 v et S i
0 20 40 60 80 100
100-Specificity

Figure 3: Receiver operating characteristic curve of the
perpendicular distance of the odontoid process from palato
internal occipital protuberance (Pl) line (mm) for predicting Bl (AUC-
0.97, CI-0.931 to 0.990, p<0.0001, Cut-off value of the distance of
the tip of the odontoid process from Pl line for the diagnosis of Bl
is equal or less than 7.5 mm). BI: Basilar Invagination, AU: Area
under curve, Cl: Confidence Interval.

Analysis of the Length of the Odontoid Process Above
Chamberlain’s Line for Diagnosing Bl

The median length of the odontoid process above Chamber-
lain’s line was 1.3 (0.3-2.3) mm in the control group and 13.3
(10.3-15.3) mm in patients with BI (Table 6A). This length was
significantly higher in patients with Bl (p<.0001). ROC analysis

Figure 4: Receiver operating characteristic curve of measurement
of Klaus’ index for predicting the diagnosis of Bl (AUC-1,Cl-
0.978 to 1, p<0.0001,Cutoff value of measurement of Klaus’
index for diagnosing Bl is equal or less than 33.2 mm). BI: Basilar
Invagination, AUC: Area under curve, Cl: Confidence Interval.

of the length of the odontoid process above Chamberlain’s
line yielded an AUC of 1 (Cl of 0.978-1.0, p<0.0001). In our
study, a cut-off of 5.3 mm was identified in ROC analysis for
the length of the odontoid process above Chamberlain’s line,
indicating that a length above 5.3 mm was diagnostic of BI.
This value demonstrated 100% specificity and sensitivity and
a 100% PPV for diagnosing Bl (Table 6B, Figure 5).
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Table V: Receiver Operating Characteristic Curve of Klaus’ Index
(mm) for Predicting Basilar Invagination

Variables Value of Klaus’ index (mm)
Area under the ROC curve ’

(AUC)

Standard Error 0

95% Confidence interval 0.978 to 1.000
p-value <0.0001

Cut off <33.2

Sensitivity (95% Cl)
Specificity (95% Cl)
PPV (95% ClI)
NPV (95% CI)

100% (92.7-100.0%)
100% (97.0-100.0%)
100% (92.7-100.0%)
100% (97.0-100.0%)
100.00%

Diagnostic accuracy

ROC: Receiver operating characteristic, AUC: Area under curve, Cl:
Confidence Interval, PPV: Positive predictive value, NPV: Negative
predictive value.

Table VIA: Comparison of Length of the Odontoid Process Above
Chamberlain’s Line (mm) in Between the Control Group and the
Patients with Basilar Invagination

Length of odontoid above

: th_7E&th 5
Chamberiain’s line (mm) Median (25"-75" percentile)

Control group (n=120) 1.3 (0.3-2.3)
Patients with Bl (n=49) 13.3(10.3-15.3
Total 2.2 (0.8-9.3)
p-value <0.0001

B DISCUSSION

Bl is one of the most prevalent malformations in the CVJ
region, frequently affecting the adult population (6,14,28).
Chamberlain’s line is one of the extensively used linear
craniometric parameters in the radiological assessment of Bl
(6,7). The normal range for the length of the tip of the odontoid

100
- | Sensitivity: 100.0
- | Specificity: 100.0
- | Criterion : >5.3
80 H
> 60
= i
[ Z
a3 40_—
20 H
] ) e T e s 7 . T
0 20 40 60 80 100
100-Specificity

Figure 5: Receiver operating characteristic curve of measurement
of the length of the odontoid process above Chamberlain’s line to
diagnose BI (AUC-1, CI- 0.978 to 1, p<0.0001, Cut-off value of
the measurement of the length of the odontoid process above
Chamberlain’s line for diagnosing Bl is more than 5.3 mm). BI:
Basilar invagination, AUC: Area under curve, Cl: Confidence
interval.

Table VIB: Receiver Operating Characteristic Curve Analysis of Length of the Odontoid Process Above Chamberlain’s line (mm) for

Predicting Basilar Invagination

Variables Length of odontoid process above Chamberlain’s line (mm)
Area under the ROC curve (AUQC) 1

Standard Error 0

95% Confidence interval 0.978 to 1.000

p-value <0.0001

Cut off >5.3

Sensitivity (95% CI)

100% (92.7-100.0%

Specificity (95% Cl)

PPV (95% Cl)

100% (92.7-100.0%

NPV (95% Cl)

)
100% (97.0-100.0%)
)
)

100% (97.0-100.0%

Diagnostic accuracy

100.00%

ROC: Receiver operating characteristic, AUC: Area under curve, Cl: Confidence Interval, PPV: Positive predictive value, NPV: Negative predictive

value.
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process above Chamberlain’s line can vary across different
studies (24,25,27). In this study, a length above 5.3 mm of
the odontoid process above Chamberlain’s line demonstrated
excellent diagnostic accuracy for Bl. This finding aligns with
several other studies (1,4,18,19,23,27).

Pitfalls in the Measurement of the Length of the Odontoid
Process Above Chamberlain’s Line for Diagnosing Bl

The measurement of Chamberlain’s line involves identifying
basion and opisthion. However, determining the positions of
these landmarks can be challenging in the presence of CVJ
malformations such as occipitalization of atlas, condylar and
clival hypoplasia, asymmetrical facet joints, and achondropla-
sia (18,28,27). This difficulty may arise owing to the uneven
level of basion and opisthion or the overlap of the facet joint
with basion and opisthion. Positional changes of the neck can
also influence variability in the position of basion and opisthi-
on during imaging. Another significant drawback of these con-
ventional parameters is that, following surgical procedures like
FM decompression, these measurements significantly change
compared to their preoperative values (3,5,21).

Reasons for Using the Distance of the Tip of the
Odontoid Process from the PI Line

The distance between the tip of the odontoid process and the
Pl line is a valuable tool for establishing Bl, as evidenced by
this study. A distance less than 7.5 mm between the tip of the
odontoid process and the Pl line was significantly associated
with the presence of Bl. The bony landmarks involved in this
measurement can be easily identified on conventional radio-
graphs and CT imaging, and they remain constant irrespec-
tive of the type of CVJ malformations, positional changes,
or surgical procedures performed. Sardhara et al. previously
demonstrated that a distance of the odontoid tip to the Pl line
of <9 mm was a highly applicable criterion for diagnosing Bl.
They noted a 15%-20% variability in clival length and occip-
ital length, leading to significant changes in the positions of
basion and opisthion (21).

Reasons for Using KI

The measurement of Kl involves key bony landmarks, includ-
ing the tuberculum sellae, IOP, and the tip of the odontoid
process. The relative constancy and easy identification of
tuberculum sellae and IOP on conventional radiographs and
CT scans make them robust markers, unaffected by various
CVJ malformations associated with Bl or surgical procedures.
Despite previous exploration in the context of Chiari malfor-
mation, literature regarding the utility of Kl in diagnosing BI
remains unsatisfactory. The usual range of Kl varies from 30
to 41 mm across different studies (16,17). In this study, values
of Kl below 33.2 mm were significantly associated with Bl,
demonstrating 100% diagnostic accuracy.

While Chamberlain’s line has conventionally been used for Bl
diagnosis, the anatomical variability of landmarks poses chal-
lenges in its clinical application. To address these challenges,
we propose two craniometric parameters based on fixed bony
landmarks that are readily identifiable through conventional
radiological methods and highly diagnostic for BlI.

Yadav V. et al: Diagnostic Criteria for Basilar Invagination

Limitations

The retrospective nature of the study and its limited sample
size introduce potential biases. Another limitation is the
absence of an assessment of interobserver variability in our
study. Nevertheless, this investigation serves as a preliminary
step, laying the groundwork for future prospective studies
with a larger sample size.

B CONCLUSION

Both the distance of the tip of the odontoid process from the
Pl line (< 7.5 mm) and a value of Kl (<33.2 mm) serve as high-
ly diagnostic craniometric parameters for Bl. These param-
eters demonstrate a diagnostic accuracy comparable to the
most widely used lines in conventional radiological methods,
regardless of associated CVJ malformations or surgical pro-
cedures of the posterior fossa, such as FM decompression.
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