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E D I T O R I A L

Basilar invagination (BI) is a condition characterized by 
telescoping of the upper cervical spine (more specifically, 
the odontoid process) into the foramen magnum.[1-8] 

BI may or may not be associated with atlanto-axial 
dislocation (AAD).

The symptoms are usually very severe and consist of 
progressive neurological deficits. Conventional strategies 
over the past three decades included a transoral excision 
of odontoid process, followed by a posterior instrumented 
fixation.[9-12] More recently, it has been shown that 
distraction at the C1/C2 joints leads to a possibility of 
reduction of BI even in “irreducible” cases.[4,6,9-14] This has 
led to a possibility of considering BI with AAD pathology 
similar to “spondylolisthesis,” which may be reduced 
through a posterior approach only using certain “specific” 
intraoperative manipulations. There have been a few 
studies where, by using intra-operative manipulations such 
as distraction and other movements, satisfactory reduction 
has been obtained. One of the oldest techniques was that 
described by Sonntag et al.[15] way back in 2004.

Following this, there have been some more technique 
descriptions of reducing BI and AAD from a posterior 
approach only.[16-29]

EVOLUTION OF MANAGEMENT

AAD and BI is a highly complex pathology that can 
cause progressive cervico-medullary compression and 
disabling deficits. The underlying principle of treatment 
is not just to relieve the compression but also to provide 
optimal stability and correction of deformity.[2,4,5,30-37] In 
contrast to dislocation caused by trauma, inflammation, 
and other factors, AAD associated with BI is mainly due 
to congenital etiology. It is considered irreducible in the 
majority of patients, as it does not reduce on dynamic 
X-rays or with cervical traction. Perhaps this definition is 
not so accurate as traction itself does not provide optimal 
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forces to reduce the deformity. The understanding of this 
disease is closely linked to the development of various 
surgical strategies.

The development of surgical strategies may be roughly 
divided into three phases of development as follows.

Era of Palliative Fusions
Before the evolution of transoral decompression and 
odontoidectomy, surgeons understood the grave nature 
of this pathology.[38-41] Due to unavailability of optimal 
micro-neurosurgical techniques, they suggested open 
surgery, posterior decompression, and autologous bone 
fusion in an attempt to arrest of the progress of the 
pathology. However, this was not enough in most cases, 
and the disease relentlessly progressed leading to death 
or permanent disability.

Era of Decompression and Instrumented Fusions
With the development of better micro-neurosurgical 
techniques, transoral procedure slowly started becoming 
a standard for relieving the compression ventrally. This 
was followed by posterior instrumented fusions. This 
procedure was followed for almost three decades. For 
a long time, the posterior procedure was performed at 
a second stage usually within a week after transoral 
procedure during which the patient was kept on skeletal 
traction to maintain stability.[9-11,42-44] Over a period of 
time, with increase of expertise, both procedures were 
being performed during the same sitting. Wang et al. 
have also suggested a transoral release of the ligaments 
around the odontoid process[12,32] as the first stage of 
the treatment, followed by a posterior instrumented 
fixation in a second surgery. Our institute has followed a 
standard policy of transoral excision of odontoid process, 
followed by posterior instrumented fixation for nearly 
three decades.[45] The same has been true for other 
centers worldwide.[9-11,13,42,46] Dickman et al.[42] reported 
that the complication rate of transoral surgery, even 
in experienced hands, was 9.4% (14 of 148 patients). 
Complications included cerebrospinal fluid leakage, 
wound dehiscence, wound infection, pneumonia, etc. 
Death also occurred in 2% of patients (3 of 148 patients).

Era of Intraoperative Manipulations and Realignment
The conventional understanding of management of BI 
and AAD depended on its “reducibility,” i.e. whether it 
would reduce on traction or not.[35,44,46] While this may 
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occur for some AADs, BIs usually cannot be reduced 
on traction[4,5] and it was well accepted that these cases 
must be treated with decompression and stabilization 
only without correction of deformity.[9-12,44] With the 
introduction of Goel’s technique, the differentiation 
between reducible and irreducible AAD and BI became 
more blurred, as it was shown that BIs could be realigned 
by distraction (by placement of spacer within the joint) 
along with a C1/C2 fixation.[4,5,13,47]

Intraoperative manipulation to reduce BI and AAD 
is relatively a new concept. Jian et al.[17] introduced a 
concept of intraoperative distraction cases of BI with 
assimilated C1 arch, where a rod was connected to 
a C2 pedicular screw and occipital screw, following 
which distraction was performed reducing both BI and 
AAD. They achieved satisfactory results. However, the 
shortcoming of this procedure was that it could provide 
distraction only as a method of reduction for both AAD 
and BI. AAD for its optimal reduction also requires a 
forward movement of dens as compared to BI, which 
requires only a vertical distraction. This is reflected in 
their results, where BI could be reduced in almost all 
patients, but the AAD could be reduced completely in 
only 85% of their cases. In addition, distraction only 
without a spacer placement carries a risk of re-settling, 
which also was reflected in some of their cases.

Hsu et al.[16] overcame this shortcoming by describing a 
novel technique in two cases of acquired (one infection 
and other in metastasis) occipito-cervical instability. 
Here, apart from intraoperative occipito-cervical 
distraction, they also provided an extension of neck by 
applying compression between the upper occipital screw 
and another screw tightened more superiorly on the rod, 
which resulted in correction of AAD. This technique 
clearly demonstrated that while distraction corrects 
BI, extension while maintaining distraction results in 
correction of AAD.

We have been using a technique of first placing spacers 
to distract the joint to correct the BI; the spacers were 
then used as a fulcrum over which compression and 
extension was provided, which then corrected the AAD. 
Since the procedure involved movements of distraction, 
compression, and extension, we named it as Distraction, 
Compression, and Extensive Reduction (DCER). We 
used it satisfactorily for all irreducible cases of BI and 
AAD and now have an experience of over 50 cases. 
This technique varied depending on whether the C1 
arch was assimilated or not. In cases where the C1 arch 
was not assimilated, we preferred C2 translaminar screw 
connected to rod to C1 lateral mass screw. We preferred 
this over a C2 pedicular screw as it was easier to place 

and has been shown to have equal pullout strength as 
pedicular screws.[48-50] In addition, C2 translaminar screw 
provides a longer lever arm. Thus, the amount of force 
transmitted into the C2 bone may be less, providing a 
better chance of long-term screw retention as compared 
to C2 pedicular screw. C2 translaminar screws also form 
a torque with C1 lateral mass screws, thus resulting in a 
better horizontal compressive force along with a vertical 
compressive force as well. C2 laminar screw does not 
have any risk of vertebral artery injury also, which is a 
possibility especially in patients with congenital BI and 
AAD. Thus, because of all these reasons, we believe that 
C2 translaminar/C1 lateral mass screws formed a better 
and a stable construct and serve an ideal model for DCER 
in cases where C1 arch was not assimilated.

In cases where the C1 arch was not assimilated, we used 
an occipital and C2 translaminar screws as they provided 
long lever arms, thus once again reducing the amount of 
force being transmitted into the bone.

Using the technique of DCER, we were able to reduce 
the AAD completely in 94% cases and BI satisfactorily 
in all cases. We feel that this technique may be used 
satisfactorily in all cases of BI and AAD. In cases where 
the C1 arch is thin or broken, an occipito-C2 DCER 
may be performed.

LIMITATIONS AND CONCERNS OF 
INTRAOPERATIVE MANIPULATIONS

The primary concern with our technique involves 
manipulation of the cervical spine, and the concern of 
overdistraction and its consequent effects on the cervico-
medullary junction cannot be ignored. To minimize this, 
it is important to provide distraction of not more than 
5–6 mm, just enough to place in the spacers. Hsu et al.[16] 
have described the use of intraoperative ultrasound to 
ensure adequate spinal cord decompression during the 
reduction maneuvers. We have only used fluoroscopic 
guidance during DCER.

It is also important to note that patient selection is critical 
to ensure successful application of this technique. The 
reduction maneuvers place a high degree of stress across 
the bone–screw interface, though much less than those 
described earlier,[16,17] due to the spacers also acting as a 
channel for significant weight transmission. However, 
it is imperative that the screws have adequate cortical 
purchase to prevent hardware failure. Medical conditions 
that would reduce bone strength (e.g. osteoporosis, 
acute infection) are relative contraindications to this 
procedure. It is important to note that in few of the cases, 
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it may not be possible to completely reduce the AAD 
and BI. In these cases, one should not still shy away from 
performing a transoral procedure.

CONCLUSIONS

BI with AAD is a complex pathology to manage. 
With the development of better imaging techniques, 
micro-neurosurgical techniques, along with remarkable 
development of instrumentation, it is now possible 
to develop surgical methodologies which can provide 
intraoperative manipulation to reduce the BI and AAD 
during surgery. These procedures have demonstrated 
that the definition between reducible and irreducible 
BI and AAD is blurred. In almost all cases, optimal 
alignment may be provided for this pathology, hitherto 
considered earlier not to be possible. These techniques 
provide an immense scope for development of specialized 
instrumentations in future, which would allow complete 
reduction, and realignment of BI and AAD to be 
performed during surgery itself.
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