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INTRODUCTION

The craniovertebral junction (CV]) resides between the cra-
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Objective: Diseases of the craniovertebral junction (CV]) are commonly associated with
deformity, malalignment, and subsequent myelopathy. The misaligned CV] might cause
compression of neuronal tissues and subsequently clinical symptoms. The triangular area
(TA), measured by magnetic resonance imaging/images (MRI/s), is a novel measurement
for quantification of the severity of compression to the brain stem. This study aimed to as-
sess the normal and pathological values of TA by a comparison of patients with CV] disease
to age- and sex-matched controls. Moreover, postoperative TAs were correlated with out-
comes.

Methods: Consecutive patients who underwent surgery for CV] disease were included for
comparison to an age- and sex-matched cohort of normal CV] persons as controls. The de-
mographics, perioperative information, and pre- and postoperative 2-year cervical MRIs
were collected for analysis. Cervical TAs were measured and compared.

Results: A total of 201 patients, all of whom had pre- or postoperative MRI, were analyzed.
The TA of the CV] deformity group was larger than the healthy control group (1.62 +0.57
cm?®vs. 1.01 £0.18 cm?, p <0.001). Moreover, patients who had combined anterior odon-
toidectomy and posterior laminectomy with fixation had the greatest reduction in the TA
(1.18 +0.58 cn?).

Conclusion: In CV] deformity, the measurement of the cervical TA could indicate the se-
verity of brain stem compression. After surgery, the TA had a varying degree of improve-
ment, which could represent the efficacy of surgery.

Keywords: Craniovertebral junction deformity, Atlantoaxial instability, Basilar invagina-
tion, Odontoid fracture

Although deformity around the CV] is a rare condition, there
are several pathologies that could affect the CV], such as con-
genital anomaly, trauma, autoimmune disease, primary or met-

nium and cervical spine. Its unique structure is responsible for
important functions, including head movement and protection
of the nervous system."” The CV] is composed of bony struc-
tures, ligaments and joints, including atlas, axis, transverse liga-
ment, cruciate ligament, occipital-atlantal joint and atlantoaxial
joint.>* Together, these structures not only maintain the stabili-
ty of the CVJ, but also are involved in the axial rotation and flex-

ion-extension movements.

astatic bone tumor, and ossification of the posterior longitudi-
nal ligament (OPLL).""® These CV] diseases consequently re-
sult in CV] instability and alignment change. The deformed
CV] could cause significant neck pain due to arthritis or C2 fo-
raminal stenosis and cervicomedullary compressive myelopa-
thy 11-14

There have been numerous diagnostic criteria for CVJ dis-

ease. However, most of the current radiographic parameters are
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specific for the diagnosis of certain CVJ diseases. For example,
the measurement of the atlanto-dental interval was used for the
diagnosis of atlantoaxial subluxation.'>'® Meanwhile, those pa-
rameters are based on fluoroscopic examination, such that soft
tissue compression cannot be appreciated in those exams. The
triangular area (TA) of the CV], proposed by Chang et al.”” in
2016, is a novel measurement that can quantify the degree of
compression that is applied on patients with basilar invagina-
tion. The measurement of the TA is defined by the area deter-
mined by 3 points in the midsagittal magnetic resonance T2-
weighted image: the lowest point of the clivus, the posterior-in-
ferior point of the C2 vertebral body, and the most dorsal in-
dentation point in the ventral aspect of the brain stem (Fig. 1).
The application of TA was further expanded to patients with
CVJ trauma and rheumatoid arthritis. Chang et al."® reported
that patient with a TA value greater than 1.36 cm? had high pos-
sibility to develop myelopathy that early surgical intervention
was highly recommended.

Surgery of CV] pathology can be difficult and complicated.
Several aspects should be of concern before the surgery. First,

Fig. 1. Assessment of ventral compression of the cranioverte-
bral junction (CV]) by the simulated triangle on the midsagit-
tal T2-weighted magnetic resonance image of the CVJ. The 3
points of the triangle are the lowest point of the clivus, the
posterior-inferior point of the axial vertebral body, and the
most indented point of the dura.
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the anatomy of the CV] area is usually intricate. Bony or vascu-
lar anomalies are not uncommon in patients with CVJ disease.”**!
Second, the alignment correction has a great influence on the
surgical outcome. A realigned CVTJ indicates the relief of cervi-
comedullary compressive myelopathy.”> However, alignment
correction is not always achievable in every patient with CV]
deformity. Third, a decompression maneuver, either anterior,
posterior or combined, should be considered in those patients
who had failed realignment of the CV].**** Although there have
been several algorithms proposed to treat CV] deformity, there
is still debate on the choice of decompression maneuver in CV]
deformity patients, and there is no definite conclusion till now.
In most cases, the choice of decompression method is depen-
dent on the surgeons experience. The use of the TA could quan-
tify the degree of ventral compression to the brain stem includ-
ing medulla. Therefore, it could represent clinical improve-
ment. Using the TA might provide a useful indication to deter-
mine the way of decompression in the future. In this study, we
aimed to expand the use of TA to various kinds of CV] pathology.
Comparisons were made against age- and sex-matched popula-
tion-based controls without CV] deformity. Postoperative TAs
were also measured and compared according to different de-

COl’IlpI'eSSiOIl maneuvers.

MATERIALS AND METHODS

1. Study Design and Patient Inclusion

This was a retrospective comparative study that included
consecutive patients who had CV] surgery for instability. Pa-
tients who had the diagnosis of CV] pathologies were extracted
from the database for analysis. The other age- and sex-matched
cohort members who had a normal CVJ (no structural CV]
anomalies on the MRI, and had an atlantodental interval less
than 3 mm on the dynamic lateral radiographs) were extracted
from the image data base within the same period as the CV]
deformity group. The study was approved by the Institutional
Review Board of Taipei Veterans General Hospital (No. 2019-
12-001AC) and patients’ informed consent was obtained.

Exclusion criteria were prior surgery of the CVJ] and those
patients who had an unidentified TA due to bony destruction.
The TA measurements were performed on the Smart Iris Imag-
ing System (Taiwan Electronic Data Processing Co., Taipei City,
Taiwan), and interpreted independently by radiologists and
neurosurgeons, who were blinded to the patient information.
Data were collected and compared between the groups. Patients
of the CV] deformity group were followed-up regularly and
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MRI was arranged at 2-year postoperation. The demographic
and perioperative data were also collected for comparison.

2. Radiographical Definition of the TA of the CV]

A simulated TA ventral to the brain stem was determined in
the midsagittal T2-weighted MRIs of each patient on the pic-
ture archiving and communication system and calculated by its
viewer. The TA was defined by 3 points: the lowest point of the
clivus, the posterior-inferior point of the C-2 vertebral body,
and the most dorsal indentation point in the ventral aspect of
the brain stem. For the surgical cases, the pre- and postopera-

tive 2-year TA was measured and compared."”"®

3. Statistics

Medcalc (Ostend, Belgium) was used for statistical analysis.
Descriptive statistics were reported as means and standard de-
viations, and as frequencies and percentages where appropriate.
Continuous variables were compared using an unpaired Stu-
dent t-test, and categorical variables were compared using Pear-
son chi-square test. Probability values were 2-tailed and an al-
pha of 0.05 was considered statistically significant.

RESULTS

1. Demographics

A total of 201 consecutive patients who had CV] deformity
were included in this study. Another 201 age- and sex-matched
persons were included as controls. There were 101 male and
100 female patients in both groups. The mean age was, respec-
tively, 59.8 £ 17.2 versus 60.2 £ 13.1, p=0.78. The body mass in-
dex in the CV] deformity group was smaller (23.5+ 3.6 vs. 24.7 £
4.9, p=0.014). The incidence rate of hypertension was 38.8%
versus 30.8%, p=0.09, type II diabetes mellitus 13.4% versus
15.4%, p=0.57, and ankylosing spondylitis 1.9% versus 0.9%,
p=0.41. The incidence rate of rheumatoid arthritis was signifi-
cantly higher in the CV] deformity group (10.4% vs. 0.9%, p <
0.0001) (Table 1).

2. Type of Pathology and Perioperative Information

The type of pathology and perioperative information were
listed in Table 2. There were 10 patients who had C0-2 decom-
pressive laminectomy, 27 patients who had C1 laminectomy,
and 39 patients who had C1-2 laminectomy. A total of 8 pa-
tients received anterior odontoidectomy, including 6 odontoid-
ectomy before fusion and 2 odontoidectomy after fusion sur-
gery. There were 142 patients who had fusion level within C1-2

https://doi.org/10.14245/ns.2244786.393

Table 1. Comparison of clinical characteristics between crani-
overtebral junction (CV]) deformity cases and age-sex-matched
controls

CV] Controls
Characteristics deformity (n=201) p-value
(n=201)
Sex 1.00
Male 101 101
Female 100 100
Age (yr) 5984172 602+131 078
Body mass index (kg/m?) 235+3.6  24.7%49 0.014*
Comorbidity
Hypertension 78 (38.8) 62 (30.8) 0.09
Type II diabetes mellitus 27 (13.4) 31(15.4) 0.57
Rheumatoid arthritis 21(10.4) 2(0.9) <0.001%
Ankylosing spondylitis 4(1.9) 2(0.9) 0.41

Values are presented as mean + standard deviation or number (%).
*p<0.05, statistically significant differences.

and 59 patients who had fusion level spanning C1-2. The aver-
age bone density (DEXA T-score) of the CV] deformity group
was -1.39+1.68. There were 12 patients who experienced sur-
gical complication, including 5 cerebrospinal fluid leak, 6
wound infection/poor healing, and 1 postoperative cerebellar
infarction. There was no vascular injury among all surgical cas-
es (Table 2).

3. Comparison of the Preoperative TA Between CV]

Deformity Cases and Controls

The control group had an average TA of 1.01+0.18 cm* The
average TA of the CV] deformity group was 1.62+0.57, which
was significantly larger than the control group. The TAs of pa-
tients with basilar invagination, odontoid fracture, os odontoi-
deum, stenosis, atlantoaxial subluxation, C2 osteomyelitis, and
C2 metastasis were significantly larger than in the control group
(Table 3).

4. Comparison of ATA Between Different Decompression

Maneuvers

The delta TA (ATA) was the difference between the preoper-
ative and postoperative 2-year TA. The ATA in patients who
had combined anterior and posterior decompression surgery
was -1.18+0.58. The ATA in patients who had no decompres-
sion maneuver (fixation-alone) was -0.20+0.37. The ATA in
patients who had posterior decompression (decompressive lami-
nectomy plus fixation) was -0.21 + 0.49 (Table 4).
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Table 2. Type of pathology and perioperative information

Type of CV] pathology Value
Neoplasm

Aneurysmal bone cyst 1(0.5)

C2 metastasis 12 (6.0)

C2 multiple myeloma 2(1.0)
Trauma and structural instability

Combined C1 and C2 fracture 1(0.5)

Jefferson fracture 1(0.5)

Hangman fracture 9 (4.5)

Odontoid fracture 44 (21.8)

Os odontoideum 22 (10.9)

Atlantoaxial subluxation 94 (46.8)
Congenital anomaly

Basilar invagination 6 (3.0)
Others

OPLL 3(1.5)

Stenosis 3(1.5)

C2 osteomyelitis 3(1.5)
Surgical detail

Decompression

Laminectomy

C0-2 10 (5.0)

Cl 27 (13.4)

Cl-2 39 (19.4)

Odontoidectomy

Before fusion 6(3.0)

After fusion 2(1.0)

Fusion level

Within C1-2 142 (70.6)

Spanning C1-2 59 (29.4)
Bone density (DEXA T-score) -1.39+1.68
Complication

CSF leak 5(2.5)

Wound infection/poor healing 6(3.0)

Postoperatve cerebellar infraction 1(0.5)

Values are presented as number (%) or mean + standard deviation.
CV]J, craniovertebral junction; OPLL, ossification of posterior longi-
tudinal ligament; CSE, cerebrospinal fluid.

DISCUSSION

The cervical TA of the CV] deformity group was significantly
larger than the age- and sex-matched control group (1.62+0.57
vs. 1.01£0.18, p<0.001). Furthermore, this study expanded the
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Table 3. Comparison of preoperative triangular area between
craniovertebral junction (CVJ]) deformity cases and normal
controls

Variable Precﬁ) ::;S::gj;lgu_ p-value

Controls 1.01+£0.18 -

CV] deformity 1.62+£0.57 <0.001*
Aneurysmal bone cyst 1.01 -
Basilar invagination 1.94+0.48 0.02*
Combined C1 and C2 fracture 1.07 -
Jefferson fracture 1.55 -
Hangman fracture 1.11+0.27 0.13
Odontoid fracture 1.55+0.56 <0.001*
Os odontoideum 2.11+0.62 <0.001*
Stenosis 2.18+0.45 <0.001*
Atlantoaxial subluxation 1.63+£0.52 <0.001*
OPLL 0.92+0.12 0.39
C2 osteomyelitis 1.84+0.68 <0.001*
C2 metastasis 1.31+0.41 <0.001*
C2 multiple myeloma 1.18 -

Values are presented as mean + standard deviation.
OPLL, ossification of posterior longitudinal ligament.
*p<0.05, statistically significant differences.

Table 4. Comparison of ATA between different decompres-
sion maneuvers

Decompression type

Combined anterior

Without Posterior .
. . and posterior
decompression decompression .
decompression
ATA (cm?) -0.20+0.37 -0.21+0.49 -1.18 £0.58%

Values are presented as mean + standard deviation.

ATA, difference between preoperative and postoperative 2-year tri-
angular area.

*p <0.05, statistically significant differences.

use of TA to various kinds of CV] pathology. The TA in most of
the CVJ pathology group was significantly larger than the TA in
the control group except for several pathologies, such as aneu-
rysmal bone cyst (ABC), combined C1 and C2 fracture, hang-
man fracture, OPLL and C2 multiple myeloma. Those images
were reviewed to discuss why the TA did not increase in those
patients. The ABC was a benign, blood-filled vascular lesion in
the bone that tends to expand or grow. In our case, the ABC oc-
curred within the C2 laminar, spinous process and bilateral pars
interarticularis that caused the destruction of the bilateral atlan-
toaxial joint. However, the ventral side was totally free of ABC.

https://doi.org/10.14245/ns.2244786.393
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Therefore, the TA in our ABC case was normal since it did not
have any ventral compression. In combined C1 and C2 fracture
and hangman fracture cases, we found the CVJs were reduced
during the MRI examination that made the TA value normal.
The C2 multiple myeloma was diagnosed at a very early stage,
such that the destruction and deformation of the CV] was not
severe. The TA value of 3 OPLL cases were similar to the control
group. That was because the OPLL started from the middle of
C2, which did not cause a lot of ventral compression.

The measurement of the TA could quantify the degree of
cervicomedullary compression in patients with a CV] deformi-
ty. After the surgery, the change of the TA could reflect the effi-
cacy of surgery. The improvement of the TA benefits from 3
factors; the improvement of alignment, the decompression ef-
fect, and the resorption of retro-odontoid soft tissue mass. The
realignment and decompression immediately influences the TA
after surgery. The resorption of retro-odontoid soft tissue mass
was a delayed type of TA improvement. It has been well report-
ed by many researchers that the retro-odontoid mass tissue dis-
appeared after fixation of the CV].!#1718

Chang et al."” observed that the TA decreased immediately
after the surgery and continued to decrease until 2 years after
surgery. In this study, the ATA was 1.18 cm® in patients who
had combined anterior and posterior decompression surgery.
Furthermore, the ATA was similar between the posterior de-
compression group and the group without decompression. This
result was quite intuitive that the TA represented the ventral
compression to the spinal cord. The measurement of the TA
could not depict the outcome of posterior decompression.

The CV] diseases are usually associated with structural de-
struction that results in CV] instability and deformation. The
malaligned CVJ causes cervicomedullary compression, so that
surgical intervention was necessary to prevent brain stem or
spinal cord injury. For optimal treatment, surgeons should con-
sider the etiology, reducibility of bony parts, mechanics of com-
pression, and the presence of an abnormal ossification center.
Menezes proposed a treatment algorithm for CV] abnormality
with the primary goal to relieve compression at the CV].** For
reducible lesions, the treatment key point is to maintain a neu-
tral position and stabilization, either by external immobiliza-
tion or internal fixation. Irreducible lesions require decompres-
sion at the side at which the compressions occur. The treatment
algorithm was straightforward and convincing, which was sup-
ported by many published clinical series.>”****** However, the
surgical decision was always difficult because the reducibility
was difficult to judge, especially for those patients in an acute

https://doi.org/10.14245/ns.2244786.393

stage. Most patients in an acute stage were afraid of moving
their head and neck due to severe neck pain and muscle spasm.
The results of the TA change after surgery in this study might
provide a useful information for the surgical planning in the
future. As mentioned before, the improvement of the TA bene-
fits from 3 factors: the improvement of alignment (Fig. 2A, B),
the decompression effect (Fig. 2C, D), and the resorption of

Fig. 2. Pre- and postoperative 2-year (A, B) image of a patient
with atlantoaxial subluxation. The TA decreased due to im-
provement in alignment. Pre- and postoperative 2-year (C, D)
image of a patient with os odontoideum. The TA decrease
benefitted from the anterior odontoidectomy. Pre- and post-
operative 2-year (E, F) image of a patient with rheumatoid ar-
thritis and atlantoaxial subluxation. The TA decrease was due
to the disappearance of the retro-odontoid mass.
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retro-odontoid soft tissue mass (Fig. 2E, F). In this study, we
found the patients who had no decompression maneuver (fixa-
tion only) had a decrease of their TA by 0.2 cm®. The decrease
of the TA in this patient group was mainly attributed to the im-
provement of alignment. Otherwise, the combined anterior and
posterior decompression group had a decrease of the TA by
1.18 cm®. Our previous study demonstrated that a TA value
greater than 1.36 cm” was highly associated with myelopathy.'®
The combined conclusions of both studies suggested that ante-
rior odontoidectomy should be highly considered for those pa-
tients who had a TA value greater than 2.5 cm’. Once the TA
value was larger than 2.5 cm?, it was less likely to have a TA
smaller than 1.36 cm’® via the posterior approach only, either
with decompression or not. The use of the TA could provide
useful information in surgical planning.

There were limitations to this study. This was a single insti-
tute, retrospective, nonrandomized, observational study. The
age- and sex-matched control cohort was chosen from the pa-
tients who had cervical MRI in our image data base with no CVJ
abnormality. These patients might not be completely healthy as
they could have been slightly symptomatic or had other reasons
for MRI examination. There was some heterogeneity in the
CV] deformity cohort; the case numbers of certain pathologies
were fewer than others. This reflects the rarity of any particular
disease. Otherwise, the TA was designed for quantification of
the ventral compression. For the compression from the posteri-
or side, it was unable to be detected. However, the TA is still a
very useful measurement for the CVJ, given the reason that
most CV] deformity cases resulted in anterior subluxation. Fu-
ture investigations should aim to expand its use in more CV]
deformity cases to help in the surgical decision and to evaluate
the efficacy of surgery.

CONCLUSION

This case-control study has expanded the use of the TA to
various kinds of CV] pathologies. The TA was significantly larg-
er in CVJ deformity cases compared with cases without defor-
mity as controls. After surgery, the change of the TA could re-
flect the realignment and decompression effect of the CV]J.
Therefore, the TA is a valid measurement to quantify compres-
sion at the CV] and to evaluate the efficacy of surgery.
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