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ABSTRACT

Background and Aim: Developmental craniovertebral junction (CVJ) anomalies are often
comprised of irreducible atlantoaxial dislocation (AAD) and basilar invagination (BI) associated
with the fusion of the C1 arch. Bl is described as a congenital upward displacement of mostly the
odontoid process into the foramen magnum, which AAD can accompany. The DCER (distraction,
compression, extension, and reduction technique consists of decompression of craniocervical
junction, Bl reduction followed by occipitocervical fusion in anatomic lordotic curvature —
performing extension and compression. This technique has recently been applied in patients with
Bl and AAD, demonstrating satisfactory results.

Case Presentation: Herein, we report two cases of Bl with AAD who underwent surgery with the
DCER technique for the first time in our center.

Conclusion: Bl has been managed with a combined approach (anterior odontoid resection
followed by posterior craniocervical fusion). Since the last decade, single posterior approaches
have been utilized to reduce and stabilize Bl and AAD. DCER approach is the most recent and
successful procedure.
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* Basilar invagination (BI) is associated with instability of the craniovertebral junction, mainly atlantoaxial dislocation
(AAD), and causes brainstem and upper cervical spinal cord compression.

¢ Many approaches have been utilized in the past, targeting mainly anterior and posterior resection, decompres-
sion, and circumferential fusion.

e Recently, a single posterior approach has been introduced with better results in decompression and fusion in ad-
dition to gaining odontoid reduction instead of resection. This approach is named DCER (distraction, compression,
extension, and reduction) due to posterior craniocervical decompression followed by “distraction” of the C1-C2 joint
with spacer materials, fixing craniocervical construct with “extension” and “compression” in order to gain anatomic
lordosis, and “reduction” of the odontoid process.

Plain Language Summary

The second vertebra of the cervical spine has a process that is directed upward in close contact with the base of the
skull. Sometimes, it is dislocated up into the skull outlet foramen and compresses neural tissue. Hypermobility and
instability of the joints between the skull base and the cervical spine is the cause. This condition requires surgery to
decompress neural elements and fix the mentioned joints, for which extensive operations with multiple approaches
have been devised, resulting in different complications. Recently, a novel surgical technique with fewer complications
has been introduced, in which neural elements are decompressed, dislocation is reduced, and hypermobile joints are
fixed in a single approach from the back of the neck.

1. Background and Importance 2. Case Presentation

he craniovertebral junction (CVJ) is a com- Patients

plex area providing considerable mobility

while marinating biomechanical stability The Institutional Review Committee approved this

[1]. Developmental CVJ anomalies usually study, and written consent was obtained from the pa-
consist of irreducible atlantoaxial dislocation (AAD) and tients. Two patients with Bl and AAD were operated on
basilar invagination (BI) associated with the occipital fu- by the senior author and were followed up 12 months

sion of the C1 arch [2-4]. Bl is the congenital upward dis- postoperatively.
placement of the upper cervical spine (particularly the
odontoid process) into the foramen magnum, which
can be associated with AAD [5-8].

Radiological assessment

Preoperative dynamic plain X-ray, magnetic resonance
imaging (MRI), and computed tomography (CT) with
sagittal, parasagittal, and coronal reconstruction were
performed for both patients to thoroughly assess the
joints and the severity of Bl and AAD [12]. According
to the plain X-ray, both patients had irreducible Bl and
AAD. The Chamberlain (normal being 2.3+2.6 mm be-
low this line) [16, 17] and McRae lines (normal being
5.8+1.6 below this line) [18] were used for evaluating
the Bl. We measured the thickness and length of the C2
lamina to assess the suitability of screw insertion. The
shape and size of the C1 lateral mass and the bilateral
connection of the C1-C2 joints were also evaluated.
Moreover, a CT angiogram was performed to identify
the size and course of the vertebral arteries between

The previous techniques mainly focused on transoral
excision of the dens, followed by posterior instrument-
ed fusion [9-11]. In 2013, the distraction, compression,
extension, and reduction (DCER) technique was intro-
duced by Chandra et al. [12] to reduce, realign, and
correct Bl and AAD with a posterior-only, single-stage
approach [12-15]. Herein, we report two cases of Bl
and AAD who underwent surgery with the DCER tech-
nique instead of transoral excision for the first time in
our region.
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Table 1. A summary of recent studies on the management of non-reducible atlantoaxial dislocation and basilar invagination

6-12 Months
Study Year Location No. of Cases Method Correction Follow-Up Complications
and Fusion
96.4%
Jian et al Direct posterior Complete or
’ 2009 China 29 reduction and fixa- >50% reduc- All Not reported
[23] . ; .
tion tion of vertical
dislocation
AAD reduced
completely in Solid bone
Chandra et . 33/35 patients fusion was
al. [12] et Ll = BEER and 50% in 2. demonstrated e elitste
Bl improved sig-  in 24 patients
nificantly in all
81%
Chandra et . 97% complete (all patients VA injury (1)
al. [14] 2015 India 79 DCER reduction followed>12 Spacer slippage (1)
months)
Drilling of the C1-2 -
; Complete 18 VA injury (1)
Sl 6 2015 India 19 facet§ and dlref:t reduction in 17 (all>6 months Facet Fx (2)
al. [27] posterior reduction . .
L s patients follow-up) Graft subsidence (2)
with joint spacer
Drilling of the C1-2
Salunke et . facets and direct
al. [26] 2015 India 16 posterior reduction Al Al None
with joint spacer
Posterior distrac- .
. . . Dysphagia (2)
Mengetal. 5016 china 21 e (L G £l % 2D Al Pneumonia (1)
[24] occipitocervical PR: 11 p
fixati Non-union (1)
xation
VA injury (4)
CSF leakage (6)
Pneumonia (5)
Chand “Significant Deterioration of
andra et i
2019  India 148 DCER vertical, coronal power (2)
al. [28] and sagittal Implant infection (2)
reduction” Partial implant slip-
page (2)
Extradural hema-
toma (1)

Abbreviations: AAD: Atlantoaxial dislocation; Bl: Basilar invagination; DCER: Distraction, compression, extension, and reduction; Fx: Frac-

ture; NR: Non-reduced; PR: Partially reduced; VA: Vertebral artery.

the C1 and C2 segments. Associated syringomyelia and
other intramedullary signal changes were noted pre-
operatively and post-operatively.

One week after the surgery, both patients underwent
imaging with plain x-rays and CT scans with reconstruct-
ed views to evaluate the screws’ position and the ex-
tent of the reduction. MRI was performed three months
after the surgery to evaluate the extent of spinal cord
and medulla oblongata decompression. Follow-up plain
x-rays and CT scans with reconstructed views were re-
peated 12 months after the surgery to assess the posi-
tion of the screws and the degree of bone fusion.

Casel

A 50-year-old man with a history of ischemic heart dis-
ease (under treatment with aspirin and clopidogrel) was
referred to our neurosurgery clinic with a five-month
complaint of severe pain in his hands, which was more
significant on the right. He had no significant axial neck
pain. On the physical examination, the muscle powers
were 5/5 in all limbs except for his left foot during dorsi-
flexion (2/5) due to a traumatic injury five years earlier.
Deep tendon reflexes (DTR) were 3/4; the plantar reflex
was downward, and the Hoffman sign was positive. Nei-
ther saddle hypoesthesia nor incontinence was noted.

Mousavi SR, et al. Launching the DCER in Basilar Invagination and Atlantoaxial Dislocation. Iran J Neurosurg. 2023; 9:E2
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Figure 1. Case 1: A) Mc rae and Wackenheim lines in preoperational sagittal CT-scan; B &C) Pre- and postoperational Sl angle; D) 1 year
follow-up cervical coronal CT-scan showing fusion bud medial to facet joint spacer.

A cervical MRI showed severe stenosis of the cranio-
cervical junction with a severe pressure effect on the
cervicomedullary junction, causing an increased signal
due to the posterior displacement of the odontoid pro-
cess. At the C3—C4 level, evidence of a diffuse central
osteophyte complex causing a pressure effect over the
thecal sac with mild canal stenosis and mild bilateral
neural foraminal stenosis touching the exiting nerve
root was noted. Moreover, evidence of a mild central
disc osteophyte complex at C4—C5 with minimal inden-
tation over the thecal sac without any sign of neural fo-
raminal stenosis or canal stenosis was observed. Using
the plain x-rays and CT scans with reconstructed views,
the diagnosis of Bl and AAD was established, and tradi-
tional indices (McRae and Wackenheim) were used to

4 .
— Chamberlain

Wackenheim

evaluate Bl severity (Figure 1 A). A CT angiogram study
was then conducted to evaluate the vertebral arteries.

Following the investigations, surgery with the DCER
technique was planned and discussed with the patient.
First, he was positioned prone with his head fixed on a
U-shaped headrest and the neck in a neutral position.
After general anesthesia, a standard vertical midline in-
cision was made from the inion to C6. Suboccipital de-
compression was done, followed by the insertion of a
cervical occipital plate with four screws and five lateral
mass screws (right C3 & C6; left C4, C5 & C6) with five
nuts. One cross-link between two rods was applied, and
a right C1-C2 facet joint spacer with a polyether ether
ketone (PEEK)-cage was performed thereafter. A mesh
plate with five mini-screws and a 20-cm rod was applied

Figure 2. Case 2: A) Preoperational lines in sagittal CT-scan; B & C) Pre- and postoperational Sl angle; D & E) Pre- and postoperational CCT
angle; F) 1 year follow-up cervical coronal CT-scan showing fusion bud lateral to facet joint spacer.
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Table 2. A summary of the correction in radiologic indices in the two cases of atlantoaxial dislocation and basilar invagination reported in

the present study

Chamberlain Wackenheim McRae Line

C No. R . SI(° CCT (° Cl(° ADI (°
ase Vo line (mm) line (mm) (mm) C) ) ) )
Case 1 11>3 10->0.5 450 150->107 83->80 116->106 5->3
Case 2 15>7 13->9 10->0.5 1355105 95->50 120->110 6>4

Abbreviations: SI: Sagittal inclination; CCT: Cranio-cervical tilt; Cl: Coronal inclination; ADI: Atlantodental interval.

to limit graft materials contacting the dural sac; this was
followed by the insertion of an autologous bone graft
harvested from the right posterior iliac crest. Eventually,
a C-arm was used to ensure the correct positioning of
screws.

As mentioned earlier, postoperative imaging was done
to evaluate the screws’ position and the extent of re-
duction (Figure 1). On the follow-up MRI, metallic fixa-
tion devices were seen in the posterior elements of the
C3, C4, and C5 vertebral bodies. Disc osteophyte com-
plexes were observed at C2-C3 and C3-C4 levels, caus-
ing bilateral narrowing of the neural foramina. Also, the
disc space between C6-C7 is rudimentary suggestive
of a block vertebra. In the 1-year follow-up, significant
neurologic improvement was obvious and fusion in the
cervical CT scan was detected (Figure 1 D).

Case 2

A 33-year-old man without any significant past medi-
cal history was referred with progressive right upper
extremity weakness commencing a year beforehand.
Muscle forces were 5/5 except for the middle part of his
right upper extremity (4/5), and he had hyperreflexia in
the DTR evaluation (3/4). Hoffman’s sign was positive,
the plantar reflex was downward, and the patient had
no saddle hypoesthesia or incontinence.

After a thorough physical and radiological assessment,
Bl and AAD were diagnosed for the patient. The McRae,
Chamberlain, and Wackenheim lines were measured
(Figure 2 A), and surgery with the DCER technique was
planned thereafter. He was placed on the operating
table in the prone position with his head fixed on a U-
shaped headrest and neck placed in a neutral position.
A standard midline incision was made from the occipital
protuberance, and an interlaminar C2 screw was insert-
ed under C-arm control. C2 laminectomy and C1 poste-
rior arc removal (C1 assimilated to foramen magnum)
were performed, followed by suboccipital decompres-
sion. After dural opening, tonsillar shrinkage was done

by bipolar coagulator, and the dura was then repaired
with a dural graft from the subperiosteal tissue. The oc-
cipital plate was placed, the rod was inserted, and the
spacer graft was inserted in the C1-C2 joint bilaterally.

At the final follow-up, his Hoffman remained positive,
and the patient had hyperreflexia. Postoperative MRI
within 12 months of surgery revealed evidence of the
previous operation in the posterior fossa and occipital
skull bone, as well as a significant increase in cervical
spine lordosis. Furthermore, super posterior displace-
ment of the odontoid process of C2 was noted, narrow-
ing the foramen of Monro and placing a pressure effect
on the brainstem. Herniation of the cerebellum vermis
was observed inferiorly from the foramen magnum,
and an elongated tubular shape fluid signal (hyposig-
nal in T1, hypersignal in T2) was seen within the central
cervical spinal cord, indicative of a syrinx. Additionally,
diffuse disc bulging was evident at the C2—C3 and C3—
C4 levels, with indentation of the anterior aspect of the
thecal sac and bilateral mild neural foraminal narrowing
without canal stenosis.

The patient underwent a second surgery for the re-
moval of rods and interlaminar C2 screw. Then, C3—C4
lateral mass screws (4 screws and 4 nuts) were placed,
and C1-C2 fusion was done with two anterior cervical
cages. Subsequently, 2 rods and one cross-link in be-
tween were applied, and a graft was inserted bilaterally.
Postoperative cervical MRl demonstrated herniation of
the cerebellum through the foramen magnum and nar-
rowing of the cervicomedullary junction (anteroposteri-
or diameter =9.5 mm), associated with signal changes in
the cord at this area. Also, evidence of elongated cystic
dilatation with fluid signal intensity in the central part of
the cervical cord was noted, suggestive of a syrinx.

3. Discussion
As complicated conditions, AAD and BI progressively

cause cervicomedullary compression and neurological
deficits. Treatment focuses on decreasing the compres-

Mousavi SR, et al. Launching the DCER in Basilar Invagination and Atlantoaxial Dislocation. Iran J Neurosurg. 2023; 9:E2
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sion and providing sensible stability and deformity cor-
rection [5, 6, 19, 20]. These congenital disorders usually
cannot be reduced by cervical traction with dynamic x-
rays. Cases are mostly associated with atlas assimilation
with the occiput [4, 15]. Notably, both our patients had
irreducible AAD and BI. Conventionally, Bl with AAD was
treated through an anterior transoral approach and re-
moval of the odontoid process, followed by a posterior
instrumented fixation [9, 10, 21, 15].

In some cases, traction reduces AAD; however, Bls can-
not be reduced on traction [5, 6], and there is some con-
sensus that such cases should be treated with decom-
pression and stabilization without deformity correction
[9-11, 21]. Before 2010, Goel et al. introduced a tech-
nique through which Bls could be realigned by distrac-
tion (using a spacer within the joint) with C1—C2 fixation
[5, 6, 22]. Jian et al. [23] and Y. Meng et al. [24] reported
cases of irreducible Bl in China. They introduced a mod-
erately new concept of intraoperative manipulation
in which both Bl and AAD were reduced in cases of Bl
with an assimilated C1 arch. In this technique, after di-
rect posterior decompression and distraction, a rod was
connected to a C2 pedicular screw, and occipitocervical
fixation was performed. Notwithstanding their favor-
able outcomes, it had a weakness in providing distrac-
tion only as a method of reduction for both AAD and BI.
Optimal reduction in cases with AAD can be achieved by
a forward movement of the dens, whereas Bl requires
only a vertical distraction. Furthermore, their results
showed a risk of resettling in cases where distraction
was performed without spacer placement.

Hsu et al. [25] tackled this issue using a novel tech-
nique for two patients with acquired occipitocervical
instability in 2010. Beyond and above that, they applied
compression between the upper occipital screw and an-
other superior screw on the rod to provide an extension
of the neck, thereby correcting the AAD. According to
their results, although distraction corrects Bl, AAD cor-
rection can be attained by simultaneous extension and
distraction.

Chandra et al. [12] described the DCER technique in
2013 in India, constituting the distraction of joint space
with spacers (in the occipito-C1-C2 joint space) before
compression between the occiput and C2, resulting in
extension at the occipito-C1-C2 joint and causing AAD
reduction. They explicated that 94% of cases with AAD
and all cases with Bl were reduced completely using the
DCER technique. Their other case series published in
2013 and 2015 [12, 14] developed this procedure with
novel devices, reporting improvements in terms of indi-

S Iranian Journal of
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ces, fusion rates, and complications. At the same time, in
India, Salunke et al. [26, 27] utilized “drilling of the C1-2
facets and direct posterior reduction with joint spacer”
for 35 cases of non-reducible Bl and AAD. The major
principles followed were identical to Chandra et al’s, yet
they were not referred to as the DCER procedure.

Chandra et al. also reported their largest and latest
series in 2019 [28], including 148 cases of Bl treated
with the DCER procedure. They attained a better un-
derstanding of BI, radiologic indices, indications and
contraindications, and the main challenges of the DCER
procedure. Based on this study, non-reducible Bl is clas-
sified into three main types according to the sagittal
inclination (SI) angle. This is the angle measured be-
tween the line parallel to the axis of the dense process
(drawn tangential to its posterior border) and a line par-
allel to the C1-C2 joint surface with a normal range of
87.1545.65". The Sl angle was classified as less than 100°
(type 1), 100-160 (type Il), and more than 160’ (type Ill).
For each type, Chandra et al. recommended the follow-
ing surgical procedure, with further details provided in
their manuscript [28]:

- Type |: DCER
- Type II: Joint remodeling+DCER
- Type llI: Extra-articular distraction+DCER

As reviewed in Table 1, recent concepts regarding non-
reducible Bl and AAD management can be classified
into two major approaches: (i) Posterior decompression
and reduction with occipitocervical fixation and (ii) the
DCER procedure with C1-C2 facet joint spacer applica-
tion. Fusion in both recent methods was the same and
complete. Correction of indices and reduction rates
have been significantly superior in methods including
the C1-C2 joint spacer and vertical reduction. Although
major complications cannot be compared in detail due
to the small numbers reported, in both methods, verte-
bral artery injury was reported as the most severe com-
plication with a slightly higher rate in DCER procedures.

In line with the literature and the latest Chandra et
al’s data [28], we successfully treated two individuals
with Bl and AAD using the DCER technique for the first
time in our center and reported for the first time in Iran.
Both cases were type-ll non-reducible Bl, and achieve-
ments in correcting radiologic indices are summarized
in Table 2. In the first case, the patient’s age (causing Bl
to be more severe and rigid) and the lack of appropriate
new devices for the DCER procedure led to the failure of
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the correction of CCT. Occipitocervical fusion was also
an important part of this procedure due to the specific
biomechanics of the craniocervical junction region [29].

4. Conclusion

The result of this research can be revised in the fu-
ture with a simpler and single approach due to the
small sample size and selection bias. Nonetheless, we
achieved acceptable clinical improvement and vertical
reduction.

Based on previous studies [12, 14, 28], it can be in-
ferred that the DCER technique, mainly grounded
upon the principle of utilizing a spacer as a fulcrum, is a
safe and more effective strategy to correct AAD and BI
through a single-stage posterior approach.
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