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ABSTRACT
The clinical knowledge of biomechanics of atlantoaxial complex demonstrated that progressive instabi-
lity tipically occurs after anterior decompression of the craniocervical junction. We report the so-called 
inside-outside technique for occipitocervical fi xation, originally described by Pait et al. applied in two 
patients. One patient with rheumatoid artrhitis underwent a transoral resection of basilar invagination; in 
another case the craniocervical junction instability was due to the presence of tumor. The “inside-outside” 
occipitocervical fi xation technique consists in the use of a titanium rod bended according with occipital 
cervical angle, placed and fi xed laterally over the cervical spine. The rod is fi xed to the occipital bone 
using a screw with the fl at portion positioned onto the epidural space. In the cervical spine the rod is 
attached to transarticular screws placed at the superolateral quadrant of the articular mass. In the axis 
the screw is introduced through the pars interarticularis fi nishing at the axis body or the lateral mass of 
the atlas. In both patients, stabilization was achieved immediately. This technique proved to be safe and 
easily applied in the patients who developed instability in the craniocervical junction procedure.
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RESUMO
TéTéT cnica inside-outside para fi xação occipito-cervical
Os estudos sobre a biomecânica do complexo occipto-atlanto-axial explicam a alta incidência da ins-
tabilidade que ocorre após a descompressão anterior da junção craniocervical. O objetivo deste relato 
é apresentar a técnica de fi xação occipito-cervical tipo inside-outside proposta por Pait e cols. São 
apresentados dois pacientes operados pela via transoral e submetidos à fi xação occipto-cervical com 
instrumentação tipo inside-outside: um paciente portador de artrite reumatóide, com severa compres-
são ventral da junção craniocervical, e outro portador de um volumoso tumor acometendo o corpo, a 
apófi se odontóide e invadindo o canal vertebral cervical. A técnica utiliza uma haste de titânio moldada 
para adaptar-se à curvatura occipital e implantada lateralmente até a coluna cervical, a haste é fi xada 
por meio de parafuso, cuja parte achatada é colocada no espaço epidural. Na coluna cervical, a haste 
é fi xada por parafusos que são introduzidos no quadrante supero-lateral das massas articulares. No 
axis, o parafuso é introduzido na pars interarticularis podendo terminar no corpo desta vértebra ou na 
massa articular do atlas. A técnica de fi xação occipito-cervical tipo inside-outside, nos casos descritos, 
mostrou-se segura e de fácil aplicabilidade. 

PALAVRAS-CHAVE
Fixação occipitocervical. Acesso transoral. Odontoidectomia.

The treatment of the instability of the occipital 
bone articulate complex, atlas and axis is more diffi -
cult when compared to the treatment of the instability 
of the lower cervical spine. Techniques of external 
occipitocervical stabilization with ortesis, bone grafts, 
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handles and wires, metilmetacrilate, bone growing 
induction substances and fi nally the use of more com-
plex instruments as connecting plates, wire and screw 
have been used3,7,9,19. Fixation techniques as plates and 
screws promote immediate stabilization guaranteeing 
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the security of the patient. The instability verifi ed after 
anterior approach decompression for diseases as basilar 
impression, rheumatoid arthritis and tumors occurs in 
a great number of patients, demanding that the fi xation 
embraces the occipital condilum (CO) and the fi rst and 
the second cervical vertebrae (C1 and C2). 

The present article describes the technique descri-
bed by Pait et al.19, for occipital-cervical fi xation – a 
method denominated as “inside-outside” with material 
especially assigned for this purpose, illustrated by the 
cases in the following. 

Operative technique
The patients are submitted pre-operatively to 

magnetic resonance imaging (MRI) of the brain and 
craniocervical junction (CCJ). Computed tomography 
with three-dimensional (3D-CT scan) reconstruction 
was are also performed to acess the thickness of the 
occipital bone, integrity of the cervical vertebrae, 
thickness of the pedicle and the diameter of the ver-
tebral foramina.

The patients are operated in prone position, under 
general anesthesia, with cervical traction around 2kg 
and the head located in appropriate support covered 
with silica foam. The neck is placed in neutral position 
and the radioscope located to get lateral images of the 
CCJ. Midline incision is performed extending from the 
inion to C5. The occipital bone, the foramen magnum, 
C1 and C2 are exposed including at least two segments 
below. We have used titanium implants, compatible with 
MRI and to the occipital bending and craniocervical 
transition. Initially, a plate model is molded to the 
bending and placed over the occipital and the articu-
late masses as a point marking for the future vertical 
alignment of the screws in the occipital bone and the 
cervical articular masses. It is followed by trepanation in 
the middle line of the occipital convexity for promoting 
the access for the fl attened part of the screw. The next 
step is the lateral positioning of the screw obtained 
through a bone key way with the use of a drill, with 
a lateral or medial cut coming from the entry hole to 
the marked exit site. The screw is attached to a guide 
rod and inserted into the entry site. The reconstruction 
plate is placed over the inside-outside screw, and the 
nut is attached to the screw. The epidural location of 
the screw can now be visualized. After control images 
for verifi cation of the correct position of the screws, 
the fi nal squeeze is then performed. Bone grafts are 
interposed between the reconstructing plate and the 
arcs of the involved vertebrae, after drilling the bone 
surface. The patients are transferred post operatively 

to the Intensive Care Unit (ICU). This technique was 
applied in the following cases.

Case 1
The fi rst case was a 32-year-old woman with a 

diagnosis of rheumatoid arthritis. She presented to the 
hospital with neck pain, quadriparesis, hyperrefl exia 
and dysesthesia, with two episodes of sudden loss of 
conscience followed by prompt recovery. She was con-
fi ned to a wheelchair. On physical examination a high 
level quadriparesis was noted (motor grade 3). Hoffman 
sign and ankle clonus were present bilaterally, with 
hyperactive deep tendon refl exes. MRI revealed pannus 
formation in the epidural space and 3D-CT scan of the 
JCC evidenced vertical subluxation of the odontoid 
process (Figure1). This lesion was irreducible and had a 
compressive effect on the cervico-medullary transition. 
An odontoidectomy was performed using the transoral 
approach. In the same operation she was submitted 
to the occipitocervical “inside-outside” stabilization 
(System Occifi x - G.M Reis, Campinas, SP) (Figure 
2). The patient who was once restricted to a wheelchair 
presented gradual strength improvement on the lower 
limbs and in the last medical evaluation she could stay 
in the stand up position using an arm support .

Case 2
The second patient was a 37-year-old woman who 

presented with a 12-month history of progressive head 
and neck pain, bilateral hand numbness and subjective 
weakness. There were no bowell or bladder diffi cul-
ties, or diffi culty in swallowing or respiration. The 
neurological examination was normal, but she had 
limitation on neck movement. The MRI showed a large 
and heterogeneous mass involving the CCJ. The mass 
caused signifi cant spinal cord compression (Figure 3). 
CT scan of the CCJ demonstrated a bone destruction 
of fi rst and second cervical segments and inferior edge 
of clivus. The surgery consisted in transoral approach 
with removal of the mass, from superior border of C2 
to inferior edge of clivus. On the same procedure the 
patient was placed in prone position under cervical 
traction, then a far-lateral approach was performed, 
resulting in adequate removing of the rest of the tumor; 
we performed the occipitocervical fi xation using the 
“inside-outside” method plus bone grafting with the 
same system as described above (Figure 4). The histo-
logical examination of the resected mass demonstrated 
a chordoma. Her symptoms have diminished and she 
resumed her activities at home.
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Figure 1
Preoperative sagital and axial CT scan obtained in patient with reumathoid arthritis

 revealing dorsal displacement of odontoid apex (case 1)

Figure 2
Postoperative sagital CT scan showing ventral resection of odontoid apex (left). 

Postoperative CT scan after occipitocervical fusion with inside-outside technique (right) (case 1) 

Figure 3
Preoperative MRI demonstrating a chordoma (case 2)
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Discussion
Craniocervical instability is associated with signifi -

cant mortality and morbidity. The objective of the fi xation 
methods is to provide immediate stabilization, relief of 
the symptoms and correction of the deformity in only 
one procedure. The occipitocervical stabilization using 
the “inside-outside” system, described by Pait et al.19, 
provides immediate stabilization of the craniocervical 
junction. The ways of stabilization vary from the use of 
external ortesis21 to systems of internal fi xation using 
bone or substitutes11 and instruments especially assigned 
for this19. Although the traditional methods of stabilizaton 
with bone grafts associated with the use of the halo have 
been useful, new systems of reconstructing plates settled 
with screws, hooks or sublaminar wires helps to provide 
immediate stability of the craniocervical junction until 
artrodesis is completed9,10,14,19. 

Studies of the biomechanics of the CCJ have de-
monstrated that after previous anterior decompression 
with odontoidectomy and transcondilar approaches 
with removal of more than 50% of bone may cause 
instability5,6,23. Although the stabilization via anterior 
approach has its adepts1,8 the majority of authors per-
form posterior approach to obtain stabilization with 
some consensus on the incorporation of the occipital 
condile to the atlas-axis complex3,7,9,10,12,14,16-18. This be-
comes imperious to the cases in which odontoidectomy 
is performed for treatment of rheumatoid arthritis and 
in cases of C2 vertebral body tumors. 

On the presented cases, one patient with rheuma-
toid arthritis developed severe neurological defi cit and 
CT scan showed a vertical subluxation with upward 
migration of odontoid process. MRI revealed pannus

formation in the epidural space. The lesion was irre-
ducible. She was submitted to odontoid resection via 
transoral approach and on the same surgical time was 
performed an occipitocervical instrumentation. Other 
patient presented with tumor involvement of the CCJ. 
MRI revealed a voluminous mass involving the atlan-
toaxial complex with intracanal components. The mass 
caused signifi cant spinal cord compression. C1-C2 CT 
scan revealed signifi cant bone destruction of the second 
vertebral body, the odontoid process and the articular 
process of C1-C2. The patient was submitted to anterior 
and postero-lateral decompression, and occipitocervi-
cal stabilization. In this case we could not perform an 
atlantoaxial fi xation because the lesions had destroied 
the bone. In the other patient with rheumatoid arthritis 
we could not applied the screw in C2 because of an 
anomalous vertebral artery. 

While the craniocervical stabilization using Luque/
Hartschill14 rectangles recquires the integrity of the 
occipital bone in midline, in this procedure the screw 
can be placed more laterally. In cases of high cervical 
laminectomy, as in the technique proposed by Mori et 
al.17, it is necessary to extend the sublaminar knotting 
to the most inferior segments. 

Although the systems of stabilization with wire, as 
used in the techniques of Rogers and Lovely & Carls2, 
have proven biomechanical effectiveness, studies have 
demonstrated the superiority of the methods of stabili-
zation with screws, providing superior immobilization, 
best resistance to fatigue tests when compared to those 
that use metallic wires and hooks7, and the number of 
involved cervical segments is lesser on methods using 
transarticular screws9,10,13,16. One of the main advanta-
ges of the occipitocervical stabilization with “inside-

Figure 4
Postoperative CT scan after radical resection of the tumor (left). 

Postoperative lateral CT scan showing posterior stabilization (right) (case 2)
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outside” is the rank of the screws on the inside of the 
connecting plates and perpendicular to the articulate 
process. This process diminishes the risks of injury to 
the vertebral artery while on transarticular C1-C2 fi xa-
tion the main limitation is the proximity of the vertebral 
artery. Paramore et al.20, in a study using CT scan of 94 
patients, concluded that 18% to 23% of the patients were 
not candidates to the setting of transarticular screws at 
least in one side because of the passage of the artery 
inside of the transverse foramina. Madawi et al.15 in 61 
patients submitted C1-C2 stabilization with transarti-
cular screw, with the majority of patients baring the 
diagnosis of rheumatoid arthritis, there were fi ve cases 
with injury of vertebral artery and one case presenting 
transitory paralysis of the XII cranial nerve. In the cases 
with injury of the vertebral artery, only one presented 
symptoms attributed to it, consisting in ischemic brain 
stem lesions occurred two weeks after the surgery. They 
have identifi ed as risk factors the incomplete reduction 
before the implantation of the screws, previous transoral 
surgery with removal of the anterior tubercle of C1, 
and imperfections in identifying the correct position 
of the vertebral artery adjacent to the lateral mass and 
pedicle of C1. Studies of the “American Association 
of Neurological Surgeons presented at the Congress 
Neurological Surgeons Section on Disorders of the 
Spine and Peripheral Nerves24 with 847 neurosurge-
ons, who had implanted 2492 transarticular screws 
in 1318 patients, have found 31(2,4%) of the patients 
with injury of the vertebral artery and suspicion of 
injury in 23 (1,7%). Of these, two had only shown 
neurological defi cits and one had died because of bila-
teral injury of the vertebral artery. Other complications 
were described, as dural laceration, screw break and 
suboccipital paresthesias24. 

The occipitocervical stabilization in the cases of 
instability of the atlantoaxial joint presents peculiari-
ties because of the complex anatomy of the region. It 
depends on the thickness of the occipital bone, the bone 
integrity around of the foramen magnum, the presence 
or not of the vertebral lamina, to articulate joints and 
the positioning and the size of the vertebral arteries. 
The “inside-outside” method offers advantages in 
relation to the traditional methods of “outside-inside” 
cervical spine stabilization or to the techniques that 
utilizes wires and handles transfi xing the occipital. 
Although Heywood et al.12 had not described cerebral 
complications with the traditional technique, they had 
prevented to penetrate the screw in the internal occi-
pital bone. In the “inside-outside” method the screw 
is placed under direct vision with the fl attened part in 
contact with the dura and the screw turned toward the 
surgeon. However it is necessary to know the thickness 
of the occipital bone what provide the support for the 

setting of the inverted screw. The patients often pre-
sented signifi cant improvement of the pain syndrome 
and the diminished use of orthesis. The control images 
confi rm the correct positioning of the system and the 
occurrence of artrodesis. 

Stabilization methods must be simple, safe and 
represent low risk to adjacent structures. The “inside-
outside” technique fi lls these requirements and provides 
solid craniocervical stabilization until the consolidation 
of the cycle of the artrodesis.
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