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Objective : This study was designed to determine the most reliable cephalometric measurement technique in the normal population and patients
with basilar invagination (Bl).

Methods : Twenty-two lateral radiographs of Bl patients and 25 lateral cervical radiographs of the age, sex-matched normal population were se-
lected and measured on two separate occasions by three spine surgeons using six different measurements. Statistical analysis including intraclass
correlation coefficient (ICC) was carried out using the SPSS software (V. 12.0).

Results : Redlund-Johnell and Modified (M)-Ranawat had a highest ICC score in both the normal and BI groups in the inter-observer study. The M-
Ranawat method (0.83) had a highest ICC score in the normal group, and the Redlund-Johenll method (0.80) had a highest ICC score in the Bl
group in the intra-observer test. The McGregor line had a lowest ICC score and a poor ICC grade in both groups in the intra-observer study. Gener-
ally, the measurement method using the odontoid process did not produce consistent results due to inter and intra-observer differences in deter-
mining the position of the odontoid tip. Opisthion and caudal point of the occipital midline curve are somewhat ambiguous landmarks, which induce
variable ICC scores.

Conclusion : On the contrary to other studies, Ranawat method had a lower ICC score in the inter-observer study. C2 end-plate and C1 arch can

be the most reliable anatomical landmarks.
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INTRODUCTION

Basilar invagination (BI) has many anonyms like cranial set-
tling, vertical settling, vertical atlanto-axial subluxation and at-
lanto-axial impaction, and is defined as superior migration of
the odontoid tip into the foramen magnum, leading to com-
pression of the brainstem.

BI prevalence may be not as rare as we thought before, al-
though the prevalence of BI is less common than other spine
diseases in general. Mikulowski et al.” showed that 11 (10%)
patients had unrecognized cord compression, which can be the
cause of death in rheumatoid arthritis patients, and we also
found 20 (8.2%) patients with BI in 243 rheumatoid arthritis
patients who were admitted to our hospital'”. The early diagno-
sis of BI was typically conducted by standard radiographs in

most cases. However, no one-single method has been recom-
mended to properly diagnose BI, due to the overlying struc-
tures on lateral plain radiographs. Ambiguous landmarks lead
to low reliability or consistency for confirming BI. Accordingly,
we need to establish a more reliable and consistent method for
early diagnosis of BL.

The purpose of this study was to determine the inter-observer
reliability and intra-observer repeatability of the methods for
assessing the most appropriate measurement.

MATERIALS AND METHODS

We chose 22 BI patients (female 16, male 6), who were con-
firmed by MRI or CT as having BI. We selected other 25 pa-
tients (female 17, male 8) matching in age and sex as normal
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controls, using the electrical medical recording system. Cervical
lateral radiographs of a total of 47 patients were selected for re-
view. This study was done from June 2011 to August 2011. The
average age of the study group was 67.2 (BI group) years and
67.6 (control group) years.

The local research ethics committee waived the need for for-
mal ethics approval for this retrospective study.

Radiographic analysis

Only one cervical lateral standard radiograph per patient was
saved in Picture Archiving Communication System (PACS) by a
senior neurosurgeon in a randomized order. Thus, all data of the
BI group and the control group were arranged in the same data
folder. Also, all data regarding the identity of the patients were

Fig. 1. Relevant landmarks and six-different measurements. 1 : Hard
palate, 2 : Basion, 3 : Opisthion, 4 : The most caudal point on the midline
occipital curve, 5 : Center of the second cervical pedicle, 6 : Midpoint of the
caudal margin of the second cervical vertebra body, a : McRae line, b :
Chamberlain line c, : McGregor line, d : Redlund-Johnell method, e :
Ranawat method, f : Modified-Ranawat method, Asterion : odontoid tip.

Fig. 2. Measuring the six-differents methods in normal patient. A :
McRae method, B : Chamberlain method, C : McGregor method, D :
Redlund-Johnell method, E : Ranawat method, F : Modified-Ranawat
method, Asterion : odontoid tip.

blocked out. The most true-lateral of cervical spine radiographs
was selected among many follow-up radiographs to reduce the
super-imposition factor. The lateral cervical radiographs were
evaluated by three blinded neurosurgeons. Three observers in-
dependently performed the measurement and checked the rele-
vant anatomical landmarks and measuring technique before
measuring without prior knowledge of the patients.

Time was not restricted in measuring the radiograph, and the
measurement were done with an electric caliper in PACS. The
radiographs were measured by each observer on two separate
occasions with at least a two-month interval between measure-
ments for removing the after-image effect. After-image effect
can create a bias in the intra-observer measurement results, in
particular. At the second evaluation, the radiographs were saved
with a different numeric order to guard against any recall-bias.

The results were tabulated for each observer and intra-ob-
server as well as intra-observer agreement was assessed using
the intraclass correlation coefficient (ICC) test. The BI group
and the control group were analyzed separately.

Measurement

We used six different measurements for the study and the mea-
suring technique was followed as described by the original au-
thor’s paper. McGregor line, McRae line, Chamberlain line,
Ranawat method, Modified (M)-Ranawat method, and Redlund-
Johnell method were included in this study. The following sec-
tion explains the six different measurements in detail (Fig. 1-3).

McGregor line : A line is drawn from the posterosuperior as-
pect of the hard palate to the most caudal point on the midline
occipital curve. Protrusion of the odontoid-tip above this line
was represented with negative number”.

McRae line : A line is drawn across the foramen magnum
from the basion to the opisthion. Protrusion of the odontoid-
tip above this line was represented with a negative number®.

Chamberlain line : A line is drawn from the posterior edge of
the hard palate to the opisthion. Protrusion of the odontoid-tip
above this line was represented with a negative number?.

Fig. 3. Measuring the six-differents methods in basilar invagination pa-
tient. a : McRae method, b : Chamberlain method, ¢ : McGregor method,
d : Redlund-Johnell method, e : Ranawat method, f : Modified-Ranawat
method, Asterion : odontoid tip.
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Ranawat criterion : The distance between the center of the sec-
ond cervical pedicle and the transverse axis of the atlas is mea-
sured along the axis of the odontoid process'?.

Modified (M)-Ranawat criterion : The distance between the
midpoint of the base of C2 end-plate and a line from the center
of the anterior arch of C1 to the center of the posterior arch®.

Redlund-Johnell method : The distance between the Mcgregor
line and the midpoint of the caudal margin of the second cervi-
cal vertebra body is measured'?.

Statistical analysis

Reliability was examined using ICC score and their 95% confi-
dence intervals. A p value smaller than 0.05 was considered sig-
nificant. This analysis reflects agreement on the repeated mea-
surements regardless of who performed the measurement. The
ICC ranged from 0 to 1, where 0 represented no agreement and
1 perfect agreement. Data analysis was carried out using SPSS
software (V. 12.0).

RESULTS

Interobserver reliability

ICC score of all measurements was higher in the normal group
than the BI pathology group, except in the chamberlain line
method (Fig. 4). Redlund-Johnell and M-Ranawat had a high-
est ICC score in both the normal and BI groups. McRae line
(0.21) had a lowest ICC score in the normal group, and the
Ranawat method (0.18) had a lowest ICC value in the BI pa-
thology group. McRae and Ranawat methods had poor grades

Reliable Methods for Diagnosis of Basilar Invagination | HJ Lee, et al.

of ICC in both groups.

Intraobserver reliability

ICC score of all measurements was higher in the normal group
than BI group, except in the Redlund-Johnell method (Fig. 5).
The M-ranawat method (0.83) had a highest ICC score in the
normal group, and Redlund-Johenll method (0.80) had a high-
est ICC score in the BI group. McGregor line has a lowest ICC
score and a poor ICC grade in both groups.

DISCUSSION

Having many methods for the diagnosis of BI can imply that
it is very difficult to choose just one particular method in clini-
cal circumstances. These measurements can show variable re-
sults, due to multiple reasons. First, anatomical landmark may
be ambiguous, thus leading the interpreter to measure different
results. Second, measurement error can be made by the inter-
preter himself or on the radiographs. The lack of confidence in
anatomic landmarks can make unreliable results and it is hard
to obtain the absolute true-lateral radiographs in every patients.

Variation in measurement may lead to a different type of
treatment. Therefore it is very important for us to determine
how reliable, reproducible these measurements are. We verified
the reliability and reproducibility among various measurement
techniques with inter-observer and intra-observer correlation
studies. This study was performed using six-different methods,
excluding Clark station?, Kauppi et al.¥, and Wackenheim line
method, because these methods can not represent numerical

1004 1 Normal group
1 Bl group 91.7 395
807 70.9
60 56.2 54.7
40 39.1 426 s
25.7 :
204 214 197 18
0 T 1
McGregor line McRae line Chamberlain line Ranawat method Redlund-Johnell M-Ranawat method
Fig. 4. This graphs show the intraclass correlation coefficient score (original ICC score times one hundred) with inter-observer study. Bl : basilar in-
vagination.
% 1 Normal group
b 1 Bl grou 83
80 group - 80.4
70 - 69.8 -
62 63.5
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McGregor line McRae line Chamberlain line Ranawat method Redlund-Johnell M-Ranawat method

Fig. 5. This graphs shows the intraclass correlation coefficient score (original ICC score times one hundred) with intra-observer study. B : basilar in-

vagination.
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value, so it will be useless in the present inter-observer and in-
tra-observer reliability test. Also, Wackenheim line has been
shown to have low specificity in many reports'?. Yune et al. re-
vealed that the reason that dorsal surface of clivus is rarely a
straight line, unlike its appearance on radiographs®.

Some presumptions were made before conducting this study.
First, ICC score will be higher in the normal group than the BI
group, because the normal group has relatively precise anatom-
ic landmarks than the BI groups. Second, intra-observer corre-
lation may gain the upper hand than inter-observer correlation.
Third, shared anatomic landmarks between many diagnostic
methods may be the key to make the similar pattern of results.
For example, the Cl1 arch is the key between Ranwat and M-
ranawat and the Opsthion is the key between McRae and Cham-
berlain. The caudal point of the occipital curve is the key be-
tween McGregor and Redlund-Johnell, the midpoint of the
base of C2 endplate is the key between Redlund-Johnell and M-
Ranawat method. The odontoid tip is the key in McGregor,
McRae and Chamberlain line method.

Generally, the intra-observer correlation value was higher
than inter-observer correlation in our study, which was consis-
tent with our assumption. Intra-observer reproducibility was
related to consistency for measuring pattern in each observer in
determining the anatomic landmarks and using the PACS sys-
tem. Therefore, all observers had their own specific measuring
pattern, although it is very difficult to identify the most correct
pattern. If we can re-examine the measuring process with all
examined radiographs, which remained with the electrical
trace, it will be a good opportunity to increase the inter-observ-
er correlation and reduce the error.

Inter-obsever reliability

Odontoid-tip based measurement (McGregor line, McRae
line, Chamberlain line) had a low ICC score than other mea-
surements with the inter-observer test. Many reports showed
similar results like the results of the present study, stating the
difficulty in identifying the odontoid-tip'?. The odontoid-tip is
not clearly visible on standard radiographs, especially with old
age or rheumatoid arthritis patients, due to erosion, overlying
mastoid process and osteoporosis. We conducted bone densi-
tometry and the mean t-score was -2.27 (range, -3.9 - -0.7) in
the BI group and the mean value of t-score was -1.49 (range,
-2.3 - -0.4) in the normal group. The mean age was 68.8 years in
all 47 patients. More severe osteoporotic patterns were con-
firmed in the BI group, which can induce the low ICC score in
the BI group than the normal group.

The opisthion may be the ambiguous landmark in the inter-
observer test, and this reason can be explained by the following
clue. First, the ICC score was reversed only in the chamberlain
line method between the BI group (42.6) and the normal group
(25.7). Second, McRae has a lowest ICC score in both study
groups (except in the BI group). A super-imposition factor, in-
duced by relative globular form of skull base, may be the main

reason for the above results. We also must consider the basion
as an important attributable factor in lowering the ICC score in
the McRae line method?.

Many previous studies showed that the Ranawat method has
good sensitivity and may be the one of the best diagnostic tools™'.
However, the Ranawat method showed a lower ICC score (the
fourth position in normal, the last position in BI group) in our
study than expected. Riew et al.'? showed that combination of
Clark station, Redlund-Jonhell and Ranawat method gave high
sensitivity (94%) and negative predictive value (91%). If, we as-
sume that the C1 arch is a good landmark by comparing the
high ICC score in the Redlund-Johnell and M-Ranawat meth-
ods, the center of the second cervical pedicle may be the ambig-
uous landmark. A great difference in the ICC score between the
Ranawat and M-Ranawat methods can also represent the rea-
son. C1-2 facet joint destruction was one of the pathophysiolo-
gies in basilar invagination and osteoporotic change of the C2
pedicle may be the reason for the results. In addition, the corti-
cal margin of the C2 pedicle was not in an absolute globular
form, which can make the observer difficult to decide the exact
center point.

Redlund-Johnell and M-Ranawat has a highest ICC score in
both groups. Therefore, the midpoint of the caudal margin of
the second cervical vertebra body may be the most reliable land-
mark for the diagnosis of BI pathology, as mentioned above.
Vertebral body has relative a plane figure anatomically than oth-
er structures and there was no interfering bony structure near
the surrounding. In addition, the bony erosion is rare in vertebral
body. The Redlund-Johnell, Ranawat method and M-Ranawat
method are measures of the spatial relationship between C1
and C2 rather than the more critical occiput-C2 relationship®.
Basically, basilar invagination pathophysiologic consequence
was mainly induced by C1-2 articulation than occiput-C1'.

Intra-observer reliability

McGregor line was the lowest in ICC score in the intra-ob-
server test. Only the McGregor line has showed the decreasing
pattern in the ICC score, between the inter-observer and the in-
tra-observer test. Redlund-Johnell method also has the reversed
ICC score between inter-observer (91.7) and intra-observer
(71.1) test in normal group. These above findings can imply
that the caudal point on the midline occipital curve may also be
an ambiguous landmark. The Ranawat method had a relatively
higher ICC score than the inter-observer test. Although it is dif-
ficult to assure exact the reason, different measuring patterns
may exist by individuals, in a similar manner as individual vari-
ations in the locations of the center of the second cervical pedi-
cle, and parallel to the axis odontoid-process.

McGregor test has a lowest ICC score compared to other
odontoid-tip based methods in our study. This phenomenon
can be explained with the shortest distance used in the mea-
surement. Anatomically, McGregor line has the nearest posi-
tion to the odontoid-tip compared to other methods, which can
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induce difficulty in the precise of the electric caliper. Unlike
pencils, electrical caliper is operated by cursor-controlled by
mouse and magnifying degree is not fixed and strictly regulat-
ed. The less the short distance measured with inaccuracy, the
less the correlation score we obtain.

Redlund-Johnell and M-Ranawat methods were shown to
have the highest ICC score in both groups, as with the inter-ob-
server study.

Limitation and interpretation

All three observers differed in medical standing, one was a
senior spine-neurosurgeon (highly experienced) and the others
were junior spine-neurosurgeon (less experienced). The observ-
er-bias could be included, even though three observers tried to
reduce the problem with prior consent about anatomical land-
marks and measuring technique considerably. As mentioned
before, consensus on how to use the software system (PACS)
was strictly regulated in this study. However, the degree of mag-
nification and the pattern of using the electric caliper were vari-
able, which can attribute to some degree of measuring bias. We
also could not hold a conviction with the standardization for
neck position, thus occipito-cervical angle and the degree of
flexion or extension can be variable in each patient. The degree
of measurement in each diagnostic method can be influenced
by the neck position and occipito-cervical angle.

Intra- as well as inter-observer reliability are connected to the
concept of consistency, which is defined as the agreement of
two quantitative measurements where neither one is assumed
‘correct. Therefore, our results may not show the correctness of
the methods exactly, but provided some positive contributions.
First, these results can open our eyes to the fact that we always
must consider the lack of stability in our measuring technique.
Second, ICC score may suggest the most reliable anatomic land-
mark, which may help us to find the best combination of meth-
ods, so that not to miss the basilar invagination. Although our
study revealed that odontoid-tip based measurements have low
ICC score, these measurement can be useful in a CT based-study,
which can show the odontoid-tip more accurately. Opisthion and
caudal point of the midline occipital curve based measurements
can be also significant with efforts to obtain the true-lateral ra-
diographs.

CONCLUSION

Ranawat method is rather variable between inter-observation
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and intra-observation. Thus, the center of the C2 pedicle may
no longer be a reliable anatomical landmark, which is a differ-
ent conclusion from other previous studies. Odontoid-tip based
method is not a reliable method as revealed by many previous
reports. Redlund-Johnell and M-Ranawat are the most reliable
methods, thus C1 arch and C2 endplate may be the most reli-
able anatomical landmarks.
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