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Do Effective Canal Diameter and Atlantodental Interval have
a Role in the Assessment of Postoperative Early Clinical and
Radiological Status in Craniovertebral Junction Disorders?
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A b s t r ac t
Introduction: Surgery at the level of the craniovertebral junction (CVJ) is complex and technically challenging due to the presence of vital
anatomical structures and complex congenital anomalies. The type of surgical procedure depends on the primary pathology. However, the aim
of these surgical procedures is to relieve the compression at the level of the medulla and achieve anatomical stabilization.
Objective: The objective of this study was to assess the early postoperative clinical and radiological outcome following stabilization of the CVJ
in patients with atlantoaxial dislocation (AAD).
Materials and methods: It is a retrospective descriptive study. All consecutively operated patients of AAD having complete clinical and
radiological medical records in the institute were included in this study. Patients who had undergone transoral odontoidectomy were excluded.
Atlantodental interval more than 3 mm in adults and 5 mm in children was considered as AAD. Three parameters were studied: Nurick grade,
atlantodental interval (ADI), and effective canal diameter (ECD) at the level of C1. Clinical and radiological improvement was assessed by the
Wilcoxon signed-rank sum test and the paired ttest, respectively. A correlation among the duration of symptoms, Nurick grade, and changes
in ECD and ADI was assessed by the Pearson correlation coefficient test.
Results: Twenty-five patients who had complete clinical and radiological records were included in this study. There was no significant neurological
improvement in the immediate (within 7 days) postoperative period. However, statistically significant improvement was observed in ECD and
ADI. There was no significant correlation among the duration of symptoms, Nurick grade, and changes in ECD and ADI.
Conclusion: ECD and ADI may serve as useful parameters to assess the radiological improvement in the early postoperative period of patients
with AAD.
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Introduction

1

A neurosurgeon who encounters a patient with atlantoaxial joint
instability faces many dilemmas. One of them is for the most
appropriate surgical technique to be employed for a particular
patient. Due to the anatomical complexity, surgical methods used
in the cases of atlantoaxial joint dislocations are not uniform.1– 4
The primary goal in all these surgical procedures is to relieve the
compression at the level of the medulla and to achieve the normal
anatomical alignment at C1 and C2.4Even with modern advancement
in surgical techniques, surgery around atlantoaxial joint remains
challenging due to the adjacent medulla and vertebral arteries.4,5 
Previous studies on the craniovertebral junction (CVJ) disorders
have reported the long-term neurological outcome of individual
surgical stabilization techniques.6 –11In this study, we aimed to
assess the early (within 7 days) neurological and radiological
improvements following the stabilization of the CVJ in the patients
with atlantoaxial dislocation (AAD).

M at e r ia l s

and

Methods

In this retrospective descriptive study, data of patients operated
between January 2010 and September 2015 in the Department
of Neurosurgery, Jawaharlal Institute of Postgraduate Medical
Education and Research (JIPMER), Puducherry, were included. The
study was earlier reviewed and approved by the Institute Research
and Ethical Committee (Project No. JIP/IEC/2015/19/702).
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Inclusion Criteria
Atlantodental interval (ADI) exceeding 3 mm in adults and 5 mm
in children was considered as AAD.5All consecutively operated
patients of AAD with an upper age limit of 65 years having complete
clinical and radiological medical records were included.
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Exclusion Criteria
Patients who had undergone transoral odontoidectomy were
excluded from the study.

Brief Procedure
Clinical and radiological data were collected from the department
medical records. The parameters that were included in the study
were the Nurick grade, ADI, and effective canal diameter (ECD) at the
level of C1.12,13Nurick grading was recorded from the preoperative
clinical notes. Postoperative Nurick grading was recorded from
the discharge summary or clinical notes just before the discharge.
The cervical spine spiral computerized tomography (CT) scan was
routinely done with 1 mm thick sections. Reconstructed images in
sagittal and coronal planes were obtained from 1 mm axial sections.
ADI and ECD were measured at the level of the atlas from pre and
postoperative images of cervical spine CT in the midsagittal plane.
ADI was measured by drawing a line from the posterior aspect
of the anterior arch of atlas (C1) to the most anterior aspect of the
dens at the midpoint of the thickness of the arch in the craniocaudal
dimension. ECD was measured by drawing a line from the posterior
aspect of dens to the anterior border of the posterior arch of
the atlas (C1) at the midpoint of the thickness of the arch in the
craniocaudal dimension. In case the posterior arch was removed,
a line drawn along the spinolaminar line was taken to measure the
posterior border (Fig. 1). AAD was considered reducible with the
alignment of C1–C2 on extension or traction.
Data on the following variables were also collected: age, sex,
occupation, principal neurological signs and symptoms, duration
of symptoms, radiological findings, type of surgical technique
employed, postoperative complications, and postoperative
neurological status. No follow-up data were recorded after the
discharge from the hospital.

Statistical Analysis
Descriptive and inferential statistics were used for the data
analysis. All the statistical analyses were carried out at a 5%

level of significance. The paired ttest was used for assessing the
statistical significance of the improvement in ECD and ADI, and
the Wilcoxon signed-rank sum test was used for assessing the
clinical improvement. The Pearson correlation coefficient test was
used to assess the extent of the correlation among the duration
of symptoms and changes in the Nurick grade, ECD, and ADI.
The statistical software namely Statistical Analysis System (SAS)
9.2, Statistical Package for Social Sciences (SPSS) 15.0, Stata 10.1,
MedCalc 9.0.1, Systat 12.0, and R environment ver.2.11.1 were used
for the analysis of the data.

R e s u lts
A total of 46 patients who were operated for AAD between 2010
and 2015 were identified from the records. Out of these 46 patients,
21 patients were excluded due to incomplete records, age older
than 65 years, or who had undergone transoral odontoidectomy.
Twenty-five patients who had complete clinical and radiological
records were included in this study.
The average age of the patients was 30.2 years with a range
from 4 to 57 years. Males outnumbered females (21 vs 4) (Table 1).
Trauma (odontoid fractures and C1–C2 subluxation) was
the predominant (68%) cause of AAD followed by congenital
malformations—24% (basilar invagination, Os odontoideum, and
Down syndrome), 4% rheumatoid arthritis, and 4% tuberculosis
(Table 1).
Twenty-two patients (88%) were presented with myelopathy,
whereas three patients (12%) were presented with chronic
neck pain. The mean duration of symptoms before surgery was
284.2 days. Most of the patients had a slowly progressive disease
course while one patient exhibited acute deterioration and
respiratory compromise. This patient was treated with ventilator
support and respiratory physiotherapy and was operated later after
an improvement in his general condition.
Out of the total number of 25 cases, 18 patients (72%)
had reducible AAD and 7 patients (28%) had irreducible AAD
in dynamic CVJ X-rays. Among the seven patients who had
irreducible AAD, the application of Gardner–Wells traction up
to 10% of body weight helped to reduce the AAD only in three
patients (Table 1).

Surgical Procedure
Eleven patients underwent C1 lateral mass—C2 pars/pedicle/
laminar screw fusion, seven underwent occipitocervical fusion, four
underwent unilateral C1–C2 transarticular screw fixation with the
wiring of C1–C2, and three underwent bilateral C1–C2 transarticular
screw fixation (Table 2).
Table 1: Distribution of cases with AAD based on gender, etiology, and
reducibility
Variables
Gender
Etiology
Fig. 1: Schematic representation of ECD. A line (B) drawn from the
posterior aspect of dens to the anterior border of posterior arch of atlas
will represent the ECD at the level of C1. In case the posterior arch was
removed, a line drawn along spinolaminar line was taken to measure
the posterior border
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The Journal of Spinal Surgery, Volume 6 Issue 2 (April–June 2019)

Reducibility

Category
Male
Female
Traumatic
Congenital
Rheumatoid
Tuberculosis (TB) spine
Reducible
Irreducible

Frequency
21
4
17
6
1
1
18
7

Percentage
84
16
68
24
4
4
72
28
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ADI

Table 2: Types of surgical procedures
S. no.
1
2
3
4

Procedure
C1 lateral mass–C2 pars/pedicle/laminar
screw fusion
C1–C2 bilateral transarticular screw
fixation
C1–C2 unilateral transarticular screw
fixation with wiring of C1–C2
Occipitocervical fusion
Total

No. of cases
11
3
4
7
25

Neurological Status
Although there was no change in the postoperative Nurick grade
for 19 patients (76%), a statistically nonsignificant improvement was
noted in the neurological status of 4 patients (16%). Two patients
expired in the postoperative period and hence their postoperative
neurological status could not be assessed (Table 3).

ECD
The mean preoperative ECD was 10.65 mm and the postoperative
ECD was 13.12 mm. Statistically significant improvement in terms of
an increase in the postoperative ECD was observed in 21 patients
(84%) (Table 4). Among these 21 patients, 3 patients showed
neurological improvement in the early postoperative period and
the rest of the 18 patients had stable neurological status.
Among the 19 patients who showed no change in their Nurick
grade in the early postoperative period, their ECD was seen to have
significantly improved on an average from 10.80 to 13.18 mm after
the surgery (Table 5).

Table 3: Clinical improvement—change in the Nurick grade
Preoperative Nurick
grade n = 25
2 (1–4)

Postoperative Nurick
grade n = 25
2 (1–4)

Change in Nurick
grade* n = 25
p value = 0.059

Values are median (range); *Wilcoxon signed-rank sum test

The mean preoperative ADI was 5.31 mm and the postoperative
ADI was 3.7 mm. Statistically significant improvement in terms of
a decrease in the postoperative ADI was observed in 17 patients
(68%) (Table 6). Among these 17 patients, 2 patients showed
neurological improvement in the early postoperative period and
14 patients had stable neurological status. One patient expired due
to postoperative infection.
Among the 19 patients who showed no change in their Nurick
grade in the early postoperative period (within 7 days), their ADI
was seen to have significantly reduced on an average from 5.84 to
3.95 mm after the surgery (Table 7).
There was no significant correlation among the duration of
symptoms, preoperative Nurick grade, and ECD. Similarly, there was
no significant correlation among postoperative Nurick grade, ECD,
and ADI. However, a significant positive correlation was observed
between the duration of symptoms and preoperative ADI (Table 8).

Discussion
Treatment for symptomatic or asymptomatic AAD is surgical
fixation.14 There are numerous surgical techniques to achieve
anatomical reduction and proper surgical alignment in CVJ disorders.
The technique may depend on the type of pathology, the treating
physician, and the resources available in the respective treating
institution.15The most important aspect of the surgical treatment
for patients with AAD complicated with the neurological deficit is
to secure a sufficient sagittal spinal canal diameter and stability.5,16
The final clinical outcome in AAD fixation depends on various
radiological parameters like clivus canal angle, Chamberlain’s line,
Mac Rae’s line, ADI, effective sagittal diameter, and space available
for the spinal cord in pre and postoperative spinal imaging.17,18
With respect to spine pathologies, spinal CT helps assess
the bony anatomy, type of surgical procedure and immediate
postoperative implant position, and surgical alignment.19, 20 In
Table 7: ADI changes in patients with no improvement in neurological
status
Preoperative ADI (mm)
n = 19
5.84 ± 3.29

Table 4: Radiological change in ECD
Preoperative ECD Postoperative
(mm) n = 25
ECD (mm) n= 25
10.65 ± 4.28
13.12 ± 2.93

Improvement in
ECD (mm) n= 25 p value
2.46 ± 3.23†
<0.001

ECD, effective canal diameter; values are mean ± SD; †paired t-test—
p value < 0.001

Table 5: ECD changes in patients with no improvement in neurological
status
Preoperative ECD
(mm) n = 19
10.80 ± 4.56

Postoperative ECD
(mm) n = 19
13.18 ± 3.26

Table 8: Pearson correlation among the duration of symptoms,
preoperative Nurick grade, preoperative ECD, preoperative ADI,
postoperative Nurick grade, postoperative ECD, and postoperative
ADI (p value)

Improvement in ECD
(mm) n = 19
2.38 ± 2.95‡

Parameters
Duration of symptoms and preoperative
Nurick grade
Duration of symptoms and preoperative ECD
Duration of symptoms and preoperative ADI
Duration of symptoms and postoperative
Nurick grade
Nurick grade changes and postoperative ECD
Nurick grade changes and postoperative ADI

Table 6: Radiological change in ADI
Postoperative ADI
(mm) n = 25
3.7 ± 2.46

Improvement in ADI
(mm) n = 25
p < 0.001§

ADI, atlantodental interval; values are mean ± SD; §paired t test—p value
< 0.001

Improvement in ADI
(mm) n = 19
1.89 ± 2.21*

ADI, atlantodental interval; values are mean ± SD; *paired t test—
p value < 0.05

ECD, effective canal diameter; values are mean ± SD; ‡paired t test—
p value < 0.001

Preoperative ADI
(mm) n = 25
5.31 ± 3.21

Postoperative ADI
(mm) n = 19
3.95 ± 2.67

#

Pearson correlation
coefficient (pvalue)
0.097 (0.644)
−0.125 (0.550)
0.424 (0.035)#
−0.141 (0.522)
−0.163 (0.458)
−0.203 (0.352)

p value < 0.05. ECD, effective canal diameter; ADI, atlantodental interval
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Table 9: Previous studies on canal diameter at the CVJ
S. no. Study
1
Oda et al.18

2

Matveeva et al.20

3

Sardhara et al.21

4

Mehrotra et al.22

5

Present study

Parameter
No. of cases
Space available for the
239
spinal cord (SAC) at C1 in
rheumatoid arthritis with
and without myelopathy
Morphometric analysis of
50
the cervical spinal canal
on MRI
Effective canal diameter in
46
syndromic vs nonsyndromic atlantoaxial dislocation
Effective canal diameter
67
in bony craniovertebral
anomalies
Effective canal diameter
25
(ECD), atlantodental interval (ADI) in atlantoaxial
dislocation

this study, ECD and ADI were chosen to assess the immediate
postoperative radiological parameters from spinal CT images.
Among the two parameters, ECD is more important as it provides
indirect evidence of the space available for the spinal cord.21,22
 
There is relative paucity of the literature for ECD at the level of
C1 in AAD (Table 9). We found a mention of ECD in a study done by
Sardhara et al. on congenital AAD21and another study by Mehrotra
et al. on bony CVJ anomalies.22
In this study, majority of the patients with AAD were between
28 years and 44 years with male predominance. Trauma was the
leading antecedent history before the onset of symptoms. Most of
the patients were presented with slowly progressive disease and
myelopathy. Patients who had an irreducible AAD on preoperative
dynamic CVJ lateral view X-rays were put on cervical traction before
declaring it as irreducible. All cases were operated using a posterior
approach using C1 lateral mass–C2 pars/pedicle/laminar screw
fusion, C1–C2 transarticular screw fixation with or without wiring
of C1–C2, and occipitocervical fusion (Figs 2 to 4).
Among the 25 patients included in the study, statistically
nonsignificant improvement in the postoperative neurological status
in terms of the Nurick grade was noted only in four patients. This could
be attributed to their young age, short duration of symptoms, early

Figs 2A to C: Pre- (A) and postoperative (B and C) radiological images
of cases with AAD of traumatic origin
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Figs 3A and B: Pre- (A) and postoperative (B) radiological images of
cases with AAD of traumatic origin

Figs 4A to C: Pre- (A) and postoperative (B and C) radiological images
of a case with AAD of congenital origin

referral to neurosurgical care following trauma, and the type of surgical
procedure performed (C1–C2 transarticular screw with sublaminar
wiring—three patients and occipitocervical fusion—one patient).
The mean duration of symptoms in the patients with neurological
improvement was much shorter (139 days) when compared with the
patients with no neurological improvement in the early postoperative
period (300 days). Among the four patients with neurological
improvement, three patients showed an increase in the postoperative
ECD and one showed reduction in ADI in spine CT scan.
There was no change in the postoperative Nurick grade for
19 patients. However, a significant increase in the postoperative
ECD and a decrease in ADI were observed in these patients. The
patients with chronic compressive myelopathy generally require a
relatively longer time for neurological improvement after surgical
stabilization.23The non-improvement in the neurological grade
of 19 patients in this study could be due to the assessment of their
Nurick grade in the early postoperative period. Hence, a long-term
follow-up of the patients with CVJ disorders is recommended to
comment on the Nurick grade changes.
The non-improvement in postoperative ECD in four patients
could be due to the type of pathology like rheumatoid arthritis,
Down syndrome, and complex C2 fractures.

Role of ECD and ADI in Postoperative Early Clinical and Radiological Status of CVJ Disorders
In this study, a significant positive correlation was observed
between the duration of symptoms and preoperative ADI. Hence,
it may be inferred that if the treatment for CVJ disorders is delayed,
it would result in a progressive increase in ADI which, in turn, would
worsen the neurological prognosis of the patient.
In this study, three (12%) patients had complications related
to surgery. Two patients expired postoperatively. The first case
was a child with Down syndrome who suffered dural injury and
postoperative cerebrospinal fluid (CSF) leak leading to meningitis.
The second patient was an adult who had dominant right vertebral
artery injury and thrombosis with a bilateral cerebellar infarct. The
effort taken for endovascular thrombolysis was unsuccessful. Similar
findings have also been reported in a study by Wang et al.4
Another patient had postoperative surgical wound necrosis
and dehiscence. It was resolved with wound reexploration and
debridement of the operative site with islanded right sided
trapezius musculocutaneous flap reconstruction. No incidence of
instrumentation failures or revisions was required for the same.
Small sample size and short-term postoperative follow-up of
patients are the limitations of this study. Future studies with a larger
sample size and long-term follow-up may be helpful to substantiate
the results of the study.

C o n c lu s i o n
ECD and ADI may serve as useful parameters to assess the
radiological improvement in the early postoperative period of
the patients with AAD. Patients with CVJ disorders may not show
significant improvement in early postoperative Nurick grade, but
significant postoperative improvements in ECD and ADI in these
patients may indicate stable neurological status. However, a study
with a larger sample size and long-term follow-up is required to
substantiate the results of the study.
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