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Evren Sandal*', © Burak Kinali?, © Ali Karadag?, © Mehmet Sedat Cagli*

'Department of Neurosurgery, Medicana international izmir Hospital, Izmir, Turkey

?Department of Neurosurgery, Medicana international Bahcesehir istanbul Hospital, istanbul, Turkey
3Department of Neurosurgery, Health Science University, Tepecik Research and Training Hospi-tal, Izmir, Turkey
“Department of Neurosurgery, Ege University School of Medicine, Izmir, Turkey

ABSTRACT

Aim: Previous studies have outlined various surgical approaches to treatment of basilar invagination, but none have
compared multiple different treatment options using objective clinical and radiological criteria.

Material and Methods: We retrospectively reviewed the records of 30 patients with basilar invagination treated by five
different surgical approaches. The surgical outcomes were evaluated and compared using objective clinical (Ranawat
score) and radiological parameters (Chamberlain distance, atlantodental interval, and craniovertebral angle).

Results: Our results show a statistically significant improvement in the Ranawat score for patients undergoing 1) anterior
decompression with posterior stabilization, 2) posterior decompression with posterior stabilization, and 3) the Goel
procedure (posterior decompression, posterior reduction, cage distraction, and posterior stabilization). Of these, the Goel
procedure produced the most significant improvement in functional and radiographic outcomes. Neither group without
posterior stabilization (posterior decompression alone or endoscopic transnasal odontoidectomy alone) had a significant
improvement in Ranawat score or radiographic outcomes.

Conclusion: For surgical management of basilar invagination, a combination of posterior decompression, posterior
reduction, cage distraction, and posterior stabilization yielded the best clinical and radiological outcome. There is a
risk of craniocervical instability and kyphosis and recurrence of stenosis in patients treated surgically without posterior
stabilization. Therefore, when deciding on bacillary invagination surgery without posterior stabilization, it should be
carefully considered.
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Amag: Baziler invajinasyonun cerrahi tedavisine yonelik cesitli yaklagimlarin ana hatlari literatlirdeki birgcok calismada
arastirilmis ancak hicbiri objektif klinik ve radyolojik kriterler kullanarak farkl tedavi seceneklerini karsilagtirmamistir.
Calismamizda farkh cerrahi girisimle opera edilen baziller invaginasyonu olan hastalarin objektif klinik ve radyolojik
parametreler kullanilarak karsilastirilmasi amaclandi.

Gereg ve Yontemler: 2000-2014 yillari arasinda baziler invajinasyon nedeniyle opere edilen hastalar retrospektif olarak
incelendi.Sekonder bazilerinvajinasyon kriterlerini karsilayan romatoid artritin neden oldugu atlantoaksiyal subluksasyonu
olan iki olgu da calismaya dahil edildi. Calismaya bes farkli cerrahi yaklasimla tedavi edilen baziler invajinasyonlu toplam
30 hasta dahil edildi. Cerrahi sonuclar objektif klinik (Ranawat skoru) ve radyolojik parametreler (Chamberlain mesafesi,
atlantodental interval ve kraniovertebral aci) kullanilarak degerlendirildi ve karsilastinidi.

Bulgular: Calismamizda posterior stabilizasyonlu anterior dekompresyon, posterior stabilizasyonlu posterior
dekompresyon ve Goel prosediri (posterior dekompresyon, posterior rediiksiyon, kafes distraksiyonu ve posterior
stabilizasyon) uygulanan hastalarda Ranawat skorunda istatistiksel olarak anlamli bir iyilesme oldugu saptandi. Bunlardan
Goel prosedirii fonksiyonel ve radyografik surveyde en iyi sonuglar gosterdi. Posterior stabilizasyonu uygulanmayan
hicbir grupta (tek basina posterior dekompresyon veya yalnizca endoskopik transnazal odontoidektomi), Ranawat
skorunda veya radyografik sonuclarda anlamli bir iyilesme olmadi. Anterior dekompresyon ve posterior stabilizasyonun
birlikte uygulandigi cerrahi prosediirlerde de basari orani yiiksek idi.

Sonug: Baziler invajinasyonun cerrahi tedavisinde posterior dekompresyon, posterior rediksiyon, kafes distraksiyonu
ve posterior stabilizasyonun birlikte yapildigi cerrahi uygulamalar en iyi klinik ve radyolojik sonucu verdi. Posterior
stabilizasyonsuz cerrahi tedavi edilen hastalarda, kranioservikal instabilite ve kifoz gelisimi tekrar darlik olusumu riskleri
vardir. Bu nedenle posterior stabilizasyonsuz basiler invaginasyon ameliyati karari alinirken titizlikle dtstnilmeli bu

durumlar g6z éniinde bulundurulmahdir.

Introduction

Basilar invagination is an acquired or congenital anomaly of
the craniocervical junction in which the odontoid projects
through the foramen magnum [1]. The acquired form of basilar
invagination, often referred to as basilar impression, typically
results from trauma, tumor, infection, or metabolic bone disease
[2,3,4]. The congenital form is often associated with other
abnormalities of the craniocervical junction, such as platybasia,
hypoplasia of the clivus and condyles, and atlas assimilation
[5]. Regardless of the cause, the potential neurological
complications often necessitate surgical intervention [6].

Surgical treatment aims to decompress neurovascular
structuresbasedon correctingandstabilizingthecraniocervical
junction. Anterior compression of the cervicomedullary
junction by the odontoid may lead to odontoid resection,
typically performed by either  transpharyngeal method (via

a transnasal, transmandibular, or transmaxillary approach)
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or retropharyngeal method (via far-lateral transatlas or
far-lateral transcondylar approaches) [6-11] Both approaches
can also be performed endoscopically under image guidance
[12,13]. Posterior compression may require resection of the
posterior elements of the craniocervical junction via midline
approach. It is possible to use occipitocervical systems and
C1-C2 screw systems for posterior stabilization (PS), as well
as C0-C2 implant systems for patients with co-existing
atlas assimilation [14,15]. Anterior grafting and stabilization
methods are also available for anterior stabilization after
anterior decompression (AD). However, PS is most commonly
applied and is the recommended approach after AD [16-24].

Various studies have outlined the surgical treatment of basilar
invagination, but no study has compared the results of different
treatment options by using objective clinical and radiological
criteria [14,16,21,24]. This study investigated the clinical and
radiological features of patients with basilar invagination
treated surgically via five different surgical approaches.



Material and Methods
Study Design

This an IRB approved retrospective study including the
patients with basilar invagination who had undergone surgery
between 2000 and 2014.

Chart Review

Chart review included review of medical history, physical
examination findings, intensive care records, follow-up
records, periodic observation notes, operation reports, re-
hospitalization records, and radiologic records. The following
information was recorded: age, gender, signs and symptoms
(including presenting complaints), history, preoperative
examination findings, operation performed, discharge
examination findings, and details of any complications,
morbidity, mortality, or reoperations. The Ranawat Scale[5]
was used to standardize the preoperative and postoperative

functional status assessments.

Patients were classified into five groups based on surgical
approach. Group 1included patients who underwent posterior
decompression (PD), alone. Group 2 patients underwent PD,
posterior reduction (PR) and PS. Group 3 patients underwent
PD, PR, cage distraction, and PS (Goel procedure). Group 4
patients underwent AD and PS. Group 5 patients underwent
endoscopic transnasal odontoidectomy (ETNO).

Radiologicalexaminationincludedthe measurements described
for cranio-cervical junctional anomalies (Figure 1). The
Chamberlain distance was defined as the vertical height of the
portion of the odontoid projecting above the Chamberlain line
(aline connecting the posterior hard palate with the opisthionon
a sagittal view of the craniocervical junction). The atlantodental
interval is traditionally defined as the anterior-posterior width of
the anterior atlantoaxial joint but was measured in an atlanto-
clival direction in most patients due to high atlas assimilation
ratios. The craniovertebral angle was measured in the sagittal
projection as the angle between a line perpendicular to the
posterior cortex of the odontoid and a line perpendicular to the
posterior margin of the clivus. Measurements assessing degree
of correction of the craniocervical junction (i.e,, the Chamberlain
distance, atlantodental interval, and craniovertebral angle)
were repeated on postoperative images and recorded as the
objective indicators of correction of the craniocervical junction
and decompression of the foramen magnum. Brain stem
decompression was observed in cases subject to AD as a hyper-
intense line of cerebrospinal fluid in front of the brain stem in
the sagittal plane on T2-weighted MRI, as well as by clinical
observation. These subjective parameters were not included in
the statistical analyses.
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Figure 1. A: The Chamberlain distance measured as the vertical height of
the portion of the odontoid projecting above the Chamberlain line (a line
connecting the posterior hard palate with the opisthion on a sagittal view).
B: Anterior atlantodental interval defined as the anterior-posterior width of
the anterior atlantoaxial joint. C: The craniovertebral angle was measured
as the angle between a line perpendicular to the posterior cortex of the
odontoid and a line perpendicular to the posterior margin of the clivus.

Statistical Analysis

Data were analyzed by Wilcoxon signed ranks or paired t-tests,
as appropriate. Statistical significance was set at p < 0.05.

Results

Demographic and clinical characteristics are included in Table 1. The
mean follow-up period was 5.6+3.7 months (range 3-11 months).
Two cases with atlantoaxial subluxation caused by rheumatoid
arthritis meeting the criteria for secondary basilar invagination were
also included. A total of 30 patients were included in the study.

An equal number of male and female patients were included
with an average age of 37.8+12.2 years (range 18-63 years).
The most frequent presenting complaints were paresis and
paresthesia. Six patients presented with existing symptoms
that deteriorated after minor trauma.

Multiple co-existing abnormalities were identified (Table
2; Figure 2). The most frequent associated finding was atlas
assimilation (72.6%). Chiari malformation was presentin 52.8%
of cases, including seven of the eight patients presenting with
cerebellar findings. Chiari malformation was also present in all
patients with hydrocephalus or syringomyelia.

Figure 2. A: A representative case of abnormal fusion of the atlas
on the axis, which gives the appearance of two bilateral pedicles
on C2. The very fine structure of the real pedicle is seen below. B:
A representative case of odontoid hypoplasia, condyle hypoplasia,
atlas assimilation, Klippel-Feil anomaly, and scoliosis.
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Table 1. Summary of Patient Demographics, Treatments, and Radiological and Clinical Analyses.

1l |
1_f

Case Craniovertebral Angle
Number  Age Gender Operation Ranawat Scores Atlantodental Interval (mm) Chamberlain Distance (mm) (degrees)
Pre-Op Post-Operative Pre-Op Post-Operative Pre-Operative Post-Op Pre-Op Post-Operative

1 44 M AD +PS 3A 3A - - 10 - 140 -
2 37 F AD +PS 3A 3A - - 6 - 140 -
3 34 M ETNO 2 2 - - 6 - 148 -
4 63 F Goel Procedure 3B 3A 10 ] 11 0 150 150
5 45 F Goel Procedure EL 3A 8 o 16 6 114 138
6 49 M Goel Procedure EL 3A 7 5 6 6 142 149
7 41 M Goel Procedure 2 2 6 o 17 8 130 125
8 25 F Goel Procedure 3A 3a 7 7 13 3 112 117
9 44 F PD +PS 2 2 3 2 7 7 135 -
10 35 M PD 2 3A 6 8 12 10 119 142
11 40 F Goel Procedure an 2 11 5 15 5 120 150
12 18 M AD +PS EL 3A - - 10 - 100 -
13 30 F AD +PS 2 2 - - 14 - 105 -

i 44 F PD +PS an 2 9 4 5 3 143 150
15 18 M PD+PS 3A 2 1 1 2 2 111 126
16 32 F AD +PS EL 3A - - 24 - 110 -
17 48 ™M PD +PS 3B 3B 1 1 E] 7 112 112
18 18 ™M PD 3A 3A 8 5 E] 9 116 130
19 33 F PD+PS ETY 2 1 1 3 3 145 150
20 49 M PD +PS an 2 o o 17 17 129 129
21 18 M AD +PS 3A 3a - - 5 - 122 -
2 33 M AD + PS EL 3A - - 15 - 127 -
23 62 F PD +PS 2 2 o o 20 17 110 110
24 45 M Goel Procedure 3A 2 9 4 11 6 114 129
25 27 F PD +PS EL 3A 5 2 5 5 145 151
26 34 F Goel Procedure 3A 2 9 ] 0 0 122 141
27 47 F Goel Procedure 1 1 12 o 3 0 135 151
28 a5 M ETNO 2 2 - - 8 - 157 -
29 37 F PD 2 2 o ] 12 12 116 116

20 25 M AD + PS ETY 2 - - 10 - 127 -

T 1T 1

* AD = anterior decompression; ETNO = endoscopic transnasal odontoidectomy; PD = posterior decompression; PS = posterior stabilization

** Some patients lacked pre-operative or post-operative measurements due to prior surgeries or procedure performed limiting assessment

Table 2. Anomalies associated with basilar invagination

Group 2

Group 2 patients had a statistically significant improvement
in functional outcome with a decrease in Ranawat score from
2.00+0.756 pre-operatively to 1.38 + 0.741 post- operatively (p
= 0.025). Case 17 had presented with neurological worsening
after undergoing PD elsewhere, but experienced no further
progression of symptoms after subsequent PR and PS.

There was 38.1% decrease in the atlantodental interval post-
operatively (p=0.18). No significant change in the Chamberlain
distance was present; however, there was a trend towards an

e, %

(n=30)
Chiari malformation 16 528
Syringomyelia 9 29.7
Hydrocephalus 4 13.2
C1 assimilation, 22 72.6
Klippek-Eeil Syndrome, 4 132
Rl 3z0ssis. 3 99
Consilar, DYDSRlasia 5 193
Dens bypeplasia, 2 6.6
Os.odoniidenm 2 66
Rhenmatoid astbritis 2 6.6

The distribution of surgical procedures (Table 3) included three
(10.0%) patients in Group 1 (PD alone), eight (26.7%) in Group 2
(PD + PR + PS), nine (30.0%) in Group 3 (Goel procedure), eight
(26.7%) in Group 4 (AD + PS), and two (6.7%) in Group 5 (ETNO).

Group 1

For patients undergoing PD alone, there was a slight
worsening in functional outcome (Ranawat score of 1.33
+ 0.577 pre-operatively to 1.67 + 0.577 postoperatively);
however, this was not statistically significant (p = 0.317).
There was also an increase in the atlantodental interval
postoperatively by 2.5 mm,  not statistically significant (p =
0.18). No significant change was present in the pre-operative
and post-operative craniovertebral angle (p > 0.15). Notably,
Case 10 had progressive anterior compression and progressed
to quadriparesis during the first year after PD.
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| increase in the craniovertebral angle by an average of 5.5

degrees post-operatively (p=0.059).
Group 3

The most significant functional improvement was found in the
patients undergoing the  Goel procedure with an average
reduction of 62% in Ranawat score (p = 0.014). One case in
Group 3 (Case 11) also presented with neurological worsening
after undergoing PD elsewhere.

In this group, a cage was placed in the atlantoaxial joint
between the condyle and axis in patients with atlas
assimilation. This provided direct support at the point where
distraction was needed. As such, the greatest improvement
in craniocervical alignment was seen in Group 3 with a 73.4%
decrease in the atlandodental interval (p = 0.012). Group 3
patients were the only group with a statistically significant
decrease in the Chamberlain distance (average decrease of 6.8
mm; p = 0.011) and increased craniovertebral angle (average
increase of 12.3 degrees; p=0.012).
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Table 3. Relationship between surgical treatment and clinical and radiographic outcomes.
Surgical  No. Patients
Treatment  (n=30) Ranawat Scores Atlantodental Interval (mm| Chamberlain Distance (mm) Craniovertebral Angle (degrees)
Pre-Operative Post-Operative  p Pre-Operative Post-Operative  p Pre-Operative  Post-Operative ~ p Pre-Operative  Post-Operative  p
PD 3 13340577 16740577 031 550010707 8000£000 018 - - - 175002121 13600048485 0152
PD+PR+PS 8 200£075% 13810741 0005 262543159  1625¢1598 018 850046590 4000:1414 0317 130.5004 16.610 136.000 £ 16982 0.059
Goel 9 200£100  138+074 0014 87784198 233+2872 0002 1055545387 37774313 0011 126555413519 138.888 + 12.604  0.012
AD+PS § 1540707 17510463 004 - - - - - - - - -
FTND 2 1004000 100+000 1 - - - - - - - - -

Representative examples of two cases are presented in
Figures 3 and 4. Figure 3 shows the results for a patient with
basilar invagination presenting with acute quadriparesis. We
performed PD, reduction, and condylar-C2 joint distraction
(with a cage to the right and an autograft bone to the left)
to achieve posterior fusion and occipito-cervical stabilization.
As shown in the postoperative images, full reduction of the
odontoid was achieved with an increase in the craniovertebral
angle and decompression at the level of the foramen magnum.
Figure 4 shows a representative case of secondary basilar
invagination caused by rheumatoid arthritis. In this case,
posterior approach with atlantoaxial joint cage distraction,

odontoid reduction, and stabilization with bilateral C2 laminar
screw and rod system to the lateral mass of the atlas was
performed. This led to full vertical and horizontal reduction of
the odontoid and effective decompression of the brain stem.

Figure 3. Pre-operative flexion-extension radiographs (A), sagittal
T2-weighted MRI (B), and sagittal CT (C) show atlas assimilation
with basilar invagnation resulting in severe stenosis of the foramen
magnum and severe compression of the cervicomedullary junction.

Post-operative sagittal (D) and coronal (E) CT images and T2-

weighted MRI (F) show marked improvement in alignment at the
craniocervical junction with resolution of stenosis at the foramen
magnum and reduction in compression on the cervicomedullary
junction after Goel procedure.

Figure 4. Pre-operative T2-weighted sagittal MRI (A) shows substantial
widening of the anterior atlantoaxial joint and basilar invagination
producing stenosis of the foramen magnum and mass effect on the
cervicomedullary junction. Post-operative sagittal (B) and axial (C) CT and
sagittal T2-weighted MRI (D) after Goel procedure show marked reduction
in the atlantodental interval and reducing in basilar invagination.

Compression on the cervicomedullary junction has been resolved.

Some noteworthy events in Group 3 include a died (Case 4)
two months after index surgery from central nervous system
infection and hydrocephalus despite the treatment with external
ventricular drainage and antibiotic therapy. A complication
of vertebral artery rupture due to the close relationship with
atlantoaxial joint was seen in the opertaion in two patients.
The arteries were repaired by primary suture in both patients,
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and the lumen was preserved as confirmed by postoperative
CT angiography. There was no postoperative vertebro-basilar
ischemia and no related morbidity. Vertebral artery damage due
to screw malposition was not observed in any patient, and there
was no early surgical mortality in any of the included patients.

Group 4

The Group 4 patients also showed a slight improvement in
functional outcome (average decrease in Ranawat score of 0.5;
p = 0.046). There were no notable complications in patients
undergoing AD + PS.

Group 5

The ETNO approach was performed in two patients who
required AD. There was no significant change in Ranawat
score; however, the small sample size limits interpretation.
One patient recovered without complication after we
achieved sufficient decompression and was discharged after
only a brief period of hospitalization. In the second patient,
the operation was finalized without sufficient decompression
because the hard palate did not permit caudal shifting, as well
as a difference between the imaging depth and that observed
surgically. There was no surgical complication; however, the
patient will undergo repeat surgery in the future.

Discussion

The basic principle of surgical treatment of basilar invagination is
to eliminate compression and reduce the stenosis at the level of
theforamenmagnum. Algorithms dictate that the decompression
should be performed based on where the compression is [5,
25,26] . It was found that posterior decompression alone without
fusion led to a progression of brain stem compression[25].
However, anterior approaches were technically difficult even
in the absence of anatomical irregularities and had serious
approach-related complications.[26]

Anterior decompression alone may lead to postoperative
instability requiring fixation, therefore, supporting the need for
fusion.[27] Dickman, et al.reported that instability developed
in over 40% of cases with anterior approaches alone [28,29].

Inaddition, Goel,etal.reportedthatvarious patientswith basilar
invagination advanced clinically and radiologically during
follow up after trans-oral decompression without stabilization
[6] .Based on surgical experience and biomechanical studies of
AD, it was predicted that instability could be prevented after
decompression by protecting the anterior arch of the atlas,
the alar ligament, and the transverse ligament when there was
no preoperative instability. However, many authors suggested
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the use of PS since the basilar invagination was already
unstable, the percentage of accompanying atlas assimilation
was high, and the ability to protect these ligaments during
the decompressive surgery was limited [16,22,23,25] There
was significant improvement in functional outcome only in
patient groups with PS in this study as well.

Our results suggested that the Goel procedure was the most
successful method to improve functional status and radiographic
alignment compared to the other procedures. Changes in
functional status were presumably linked to these radiographic
endpoints as the decrease in the Chamberlain distance and
atlantodental interval and an increase in the craniocervical angle
are all factors that effectively decreased brain stem compression
and increased the effective foramen magnum diameter [2,30].
There was no patient with Goel procedure had insufficient
decompression and requirement of AD. The average vertical
reduction of the odontoid was greater than 5 mm, despite only
using distraction cages that were 5 mm thick. Therefore, the Goel
method was reported as an effective single-stage procedure,
providing both stabilization and AD [31,32].

It is important for the surgeon to be aware of potential
complications that may occur from the Goel procedure. In
our study, vertebral artery injuries occurred during dissection
of the atlantooccipital joint (condylar-C2 joint in atlas
assimilation) in two patients as a posterior approach related
complicaiton. The risk of this complicaiton is high in this region
where the vertebral artery leaves the foramen, encircles the
joint, and enters the dura. Before surgery, it is beneficial to
know if the fixation point of the atlanto-occipital membrane
that covers this trough is ossified and if there is any inherited
anatomic variation (e.g., arcuate foramen, ponticulus posticus,
or Kimmerle’s anomaly) where the vertebral artery and C1
spinal nerve pass through. It has been suggested that such
variations can be present in 1.2%-37% of cases [33,34].

Various methods are used to correct the abnormal craniocervical
junction and reduce compression including traction, intraoperative
distraction, extension, and compression. This is done through
horizontal and vertical odontoid reduction, but also through
distraction that may be applied by intraoperative maneuvers to
the head, surgical manipulations to the lateral atlantoaxial junction,
or through a cage placed in the junction gap. PS is added when
decompression is applied via reduction [27,35,36,371.

Patel et al. assessed the results of posterior occipito-cervical
decompression and fusion operated with intra-operative

traction/manipulation and instrumented reduction in



cases with Bl and intra-operative traction/manipulation,

instrumented reduction and posterior occipito-cervical
fusion resulted in good correction of radiology, functional
performance and clinical neurology as well as excellent fusion

rates without adverse effects of trans-oral surgery [38].

Preoperative traction applied for odontoid reduction might be
beneficial [39].. In the present series, traction was applied for
five days to a patient who presented with severe quadriparesis
and resulted in neurological improvement. The patient was
operated using the Goel procedure under continued traction,
and we were able to achieve full odontoid reduction and brain
stem decompression. Another option that is infrequently
discussed is AD after PS. We showed that this was possible
in a patient who had undergone posterior stabilization at a
different center and presented to us after a lack of any clinical
improvement. Effective AD was then applied using transnasal
endoscopy, which resolved the residual anterior compression.

For PS in our series of patients, C2 fixation was most frequently
used when stabilization was applied. Occipitocervical systems
for PS are challenging and may predispose to complications
such as CSF leak and infection. C1-C2 screw and rod systems
and condylar—C2 screw and rod systems may be preferred in the
presence of atlas assimilation [25,39-41]. Additionally, C2 pedicle
placement is unfavorable when there is a thin pedicle or a high
vertebral artery[29] . The laminar screw method defined by Wright
is biomechanically sufficient and reduces the risk of neurovascular
injury [42,43]. In our patients, there were no cases of channel or
vertebral artery penetration nor mechanical complications.

In addition to the standard Goel procedure, other options are
available. For example, the transoral atlantoaxial reduction
plaque system has promising results by combining AD with
PS and fusion in a single-stage procedure [44]. The transoral
transpharyngeal path was selected for eight patients who
underwent AD, and another two patients were operated via
the endoscopic transnasal path. Far-lateral craniocervical
approaches have advantages for AD, including the provision
of a sterile surgical area and the ability to offer stabilization
during the same session[9,10,11,45]. Notably, the endoscopic
transnasal and transoral approaches may be superior to
classical transoral surgery in terms of outcomes, although the
importance of accurate navigation is paramount for these
procedures. Caudal shifting and odontoid resection may not be
possible for a patient undergoing ETNO because the hard palate
may cause an obstruction [10,46]. Endoscopic transcervical
odontoidectomy via a retropharyngeal approach gives anterior
access to the junction and ensures a sterile surgical area [12].
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This our study soughtassesses the outcomes associated with
commonly performed employed surgical methods infor the
treatment ofin basilar invagination. There wasWe found a
significant improvement in functional outcomes associated
with: 1) PD + PR + PS, 2) Goels procedure, and 3) AD + PS.
Although the sample size was limited small, no significant
functional improvement in function was obtained seen
by with PD alone nor ETNO. The greatest combination of
improvement in function and craniocervical alignment was
achieved by seen with the Goel procedure. The literature on
publications regarding basilar invagination has been focused
on clinical findings or assessment of new technological
developments. Some descriptive studies have also been
performed, as have those proposing treatment algorithms
[25,39-41]. In this study, we were able to compare outcomes
amongbetween several common surgical techniques as these
naturally evolved in our practice over time.

On rare occasions, PD alone may be the only appropriate
treatment option for patients with basilar invagination
[21,22,47]. PD may be best suited for patients with no anterior
compression, having a normal or near-normal atlantodental
interval, no dislocation during flexion-extension examinations
[19,47]. PD alone was used for only three patients in our case
series; however, two additional patients in our series had
received PD alone at a prior institution before presenting with
neurological decline necessitating further surgery. Of the
three patients in which we performed PD alone, one presented
with progressive worsening after surgery and was confirmed
to have an increase in anterior compression, craniovertebral
angle, and atlantodental interval. In the other two patients, no
significant clinical change occurred after surgery.

Conclusion

In the treatment of basilar invagination, a combination
of posterior decompression, reduction, cage distraction,
and stabilization yielded the best clinical and radiological
outcomes. Although the sample size was small, PD alone
and ETNO failed to show a significant change in functional
or radiographic improvement. Our findings suggest posterior
stabilization should be considered in the treatment of basilar
invagination, where possible.

Highlights
«  This study assesses functional and radiographic outcomes

of multiple surgical approaches for treatment of basilar
invagination
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«  Choosing an appropriate pre-operative surgical approach
is critical for maximizing outcome

- Patients with posterior stabilization had the best

functional outcome with the Goel procedure slightly
outperforming other approaches
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