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Occipitocervical Revision Surgery Using the
Bicortical Screw and Plate System for Failed

Craniovertebral Junction Stabilization
Yan Sun, MD1,2† , Feng Yang, MD2†, Hao-ning Ma, MD2, Long Gong, MD2,3 , Yan-lei Wang, MD1,2, Ji-peng Song, MD2,3,

Qing-ying Hao, MD2, Ming-sheng Tan, MD2

1Beijing University of Chinese Medicine, 2Department of Orthopaedic, China-Japan Friendship Hospital and 3Peking Union Medical College,
Chinese Academy of Medical College, Beijing, China

Background: To evaluate the clinical efficacy and safety of the modified technique utilizing the occipital bicortical
screws and plate system in occipitocervical revision surgery.

Methods: Between October 2010 and May 2018, 12 consecutive patients were retrospectively evaluated. All patients
had posterior occipitocervical resurgery utilizing modified technique of bicortical screws and occipital plate. The mea-
surements of extracranial occiput on midline were conducted on computed tomography (CT) scans. The thickness of
the occipital bone at the location of external occipital protuberance and below 15 mm were evaluated, respectively.
For the procedure, the trajectory was drilled perpendicular to the external occipital protuberance for the specified depth
with a depth-limited drilling, 2 mm away from the internal bone plate, then the trajectory was deepened at intervals of
1 mm each time until reaching the internal bone plate. Meanwhile, a probe was used to explore all the walls of the tra-
jectory. Bicortical screws were inserted to the occipital plate and the depth of penetration was less than 2 mm from
the internal bone plate. Clinical efficacy and radiographic evaluation were followed up.

Results: The thickest point was the external occipital protuberance, which was 15.49 � 1.47 mm and decreased
gradually on the midline to 13.41 � 1.60 mm at below 15 mm. Twelve cases (mean age 41.17 years; range, 24–
62 years), including five males and seven females, were followed up for 24.08 months (14–32 months). The interval
time was 40.42 months (3–156 months) after the initial operation. At the final follow-up, JOA score increased from
8.58 � 2.53 before surgery to 12.67 � 1.84 (P < 0.05) and VAS score improved from 6.17 � 1.21 to 2.08 � 1.32 (P
< 0.05). Besides, clinical symptoms were relieved in all patients after revision surgery. All patients had rigid internal
fixations with bone fusion and no major complications occurred.

Conclusions: Posterior occipitocervical plate-screw system with bicortical screws had the advantages of safety, sim-
ple and promising efficacy without excessive tissue release or intraspinal manipulation, proving that it’s valuable as a
modified technique for occipitocervical revision surgery.
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Introduction

In 1927, Foerster first reported the successful fusion of
occipitocervical junction with autogenous fibula

transplantation. Since then, occipitocervical fusion has made
remarkable progress. However, considering the complex ana-
tomic structure and adjacent significant neurovascular
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structure in this region, the concept and technique still have
challenges1. At present, posterior segmental fusion was pre-
ferred due to desired stability2; nevertheless, complication occa-
sionally occurs as the number of surgeries in the upper cervical
region is increasing3. As reported, revisions might be more than
expected due to limited improvement after initial surgery and
postoperative complications, such as screw loosing, connecting
rod fracture, bone graft nonunion, and secondary dislocation,
among others. Under the circumstances, conventional occipital
unicortical screws might lack pullout strength. In addition, revi-
sion surgery in occipitocervical area was demanding, consider-
ing objective factors including existing bone graft, scar
formation, and changes in anatomical marks. Until now, there
is a lack of uniform standard for revision surgery and surgeons
rely more on personal experience and preference. We reviewed
a cohort of successful revision surgeries utilizing the modified
technique of occipital plate and bicortical screws for failed
craniovertebral junction stabilization.

Materials and Methods

Patient Selection
The present study was approved by the local ethics commit-
tee. Informed consent was obtained, and all patient data were
made anonymous and kept confidential.

Inclusion criteria were as follows: (i) posterior upper
cervical fusion was performed preliminarily, and then was
diagnosed as occipitocervical instability or failure of
internal fixation after the initial operation by clinical and
radiographic evaluation; (ii) CT examination was performed
to measure the thickness of the external occipital protuber-
ance and 15mm below it. The depth and feasibility of
bicortical purchase were confirmed. Exclusion criteria were
patients with infection, tuberculosis, or tumor. A total of
12 consecutive cases of occipitocervical revision surgery
from October 2010 to May 2018 were analyzed retrospec-
tively. All cases were followed up, including five males and
seven females range from 24 to 62 years at the initial opera-
tion (average, 41.17 � 11.42 years). The interval time
between initial and revision operation was 3–156 months
(average, 40.42 � 50.79 months). All patients had varying
degrees of cervical and occipital pain, of which 11 cases
(91.67%) were associated with spinal cord nerve dysfunc-
tion. Nine cases had failed internal fixation (six cases of
occipital screw loosening, two cases of lamina wire fracture,
one case of connecting rod fracture), three cases of second-
ary dislocation (one case of C1-2 Brooks wire fixation, two
cases of C1-2 screw rod fixation) (Table 1).

Surgery Preparation
Radiological evaluations included X-ray plain films, CT with
three-dimensional (3D) reconstruction, and magnetic reso-
nance imaging (MRI). To determine the feasibility and depth
of inserting bicortical screws, 3D-CT scans were used to con-
firm the thickness of the external occipital protuberance and
15 mm below (Table 2).
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Operative Technique
All patients underwent general anesthesia in supine position.
After routinely sterilized, the autogenous iliac bone was
harvested and changed to prone position. A posterior mid-
line incision was made that extended from the site 2 cm
above the occipital protuberance to the target spinal process.
The paraspinal muscles and previous scar tissue was dis-
sected carefully. The initial failed internal fixation and non-
union bone graft were removed. The scar formation between
the previous occipital plate and the occipital was meticu-
lously dissected to expose the region. The occipital plate was
placed on the surface of protuberance. The feasibility of
screws was ascertained according to preoperative measure-
ments. The pilot hole was created by a high-speed burr. After
that, the trajectory was deepened perpendicular to the exter-
nal occipital protuberance for the specified depth with a
depth-limited drilling, 2 mm away from the internal bone
plate; meanwhile, a probe was used to explore all the walls of

the trajectory in case of penetration. Then, the trajectory was
deepened at intervals of 1 mm with depth-limited drilling
each time and subsequently a probe was used to explore all
the walls of the trajectory, until penetrating the internal bone
plate (Fig. 1) Two or three bicortical screws in vertical rows,
which were determined by the thickness of the occipital
region, were inserted to the occipital plate and the depth of
penetration was less than 2 mm from the internal bone plate.
Two appropriate titanium rods were preflexed and used for
connection bilaterally. When the rods were fixed, the pull-
out strength could reconstruct the alignment. An iliac crest
graft was modified to implant on the posterior rim of occipi-
tal and C1-2. The conventional radiograph was used to con-
firm the direction of the trajectory and the occipitocervical
sagittal alignment. After this period, all patients were rou-
tinely treated with anti-inflammation, detumescence, and
nutritional nerve therapy. The drainage tube was removed
when there was no cerebrospinal fluid leakage or the

Fig. 1 Illustration of revision surgery: (A) Firstly, the trajectory was deepened for the specific depth with a depth-limited drilling, 2 mm away from the

inner occipital table. Meanwhile, a probe was used to explore all the walls of the trajectory in case of penetration. (B) The path was drilled with depth-

limited drilling at intervals of 1 mm each time until reaching the internal bone plate, and a probe was used subsequently. (C) Bicortical screws were

inserted to the occipital plate and the depth of penetration was less than 2 mm from the internal bone plate. (D) Posterior view of instrument.
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drainage fluid was less than 50 mL per 24 h. The cervical
brace was maintained for at least 6 weeks.

Evaluation
X-ray, 3D-CT, and MRI examinations were performed
before the operation and during the follow-up to observe the
instruments, graft, reduction, and stability. VAS score
(10 score)4 was used to compare the pain intensity and JOA
score (17 score)5 was assessed to evaluate the improvement
of neurological function. We defined bony fusion as no

absorption or translucent line around graft, no instrument
failure, and no movement under dynamic radiograph.

Visual Analog Scores (VAS)
As a common method to measure subjective pain perception
of patients, VAS was used to evaluate pain intensity. A score
of 0 indicates no pain at all, while 10 indicates the most
excruciating pain.

Japanese Orthopaedic Association Scores (JOA)
JOA score is a principal outcome measure used in the man-
agement of cervical spine disorders, and to assess functional
status in routine clinical practice. The JOA score of the cervi-
cal spine includes upper limb motor function (4), lower limb
motor function (4), sensory function (6), and bladder func-
tion (3), with a total score of 17. The higher the score, the
better the neurological function.

Statistical Analysis
All statistical analysis were performed using SPSS 22.0 and
data were expressed as mean and standard deviation. The
statistical differences among the JOA and VAS before and
after revision surgery were determined by paired-sample t
test. P < 0.05 was considered to have statistical significance.

TABLE 2 Clinical symptoms

Parameters
Preoperative

no. (%)

Postoperative
improvement

no. (%)

Occipital or neck pain 12 (100) 12 (100)
Extremity weakness 11 (91.7) 10 (90.9)
Sensory of
paresthesia

10 (83.3) 10 (100)

Bladder dysfunction 5 (41.7) 4 (80)
Gait disturbance 5 (41.7) 5 (100)

Fig. 2 Case 2, a 37-year-old man underwent posterior occipitocervical revision surgery (C0-5) utilizing bicortical screws and occipital plate. (A–C)

Preoperative X-ray and MRI showed the occipital screws loosening and compression of the spinal cord. (D) Preoperative CT showed distinct pullout

purchase. (E) Postoperative X-ray showed screw position was accurate. (F–H) Postoperative CT at 2-year follow-up showed rigid internal fixation and

bone fusion.
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Fig. 3 Case 5, a 45-year-old man treated with bicortical screws and occipital plate revision surgery (C0-5). (A, B) Initial surgery images showed

unicortical screws was used. (C) Postoperative X-ray after initial surgery showed occiput screws loosening without spinal cord compression. (D, E)

Modified technique of bicortical screws and occipital plate system and postoperative CT at last follow-up showed rigid internal fixation and complete

decompression of spinal cord.

Fig. 4 Case 9, a 39-year-old man treated with bicortical screws and occipital plate revision surgery (C0-3). (A, B) CT scan showed an occipital

protuberance with sufficient thickness and a relatively thin occipital squama. (C–E) Preoperative CT showed fracture of connecting rod after initial

surgery with unicortical screws. (F) Modified technique in postoperative CT at last follow-up and screw was in ideal position.
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Results

All surgeries were performed by the same senior surgeon.
A total of 12 patients underwent posterior

occipitocervical revision surgery with bicortical screws and
occipital plate. The data showed that the occipital at the site
of external occipital protuberance was the thickest. The thi-
ckest external occipital protuberance was 15.49 � 1.47 mm
and decreased gradually on the midline to 13.41 � 1.60 mm
at below 15 mm. Five cases underwent fusion level at C0-2,
three at C0-3 fusion, two at C0-4, and two at C0-5. The opera-
tion time ranged from 180–320 min (average
217.50 � 40.49 min) and the intraoperative blood loss was
400–2200 mL (average 754.16 � 482.81 mL). All patients
were followed up for 14–32 months (average 24.08
� 4.70 months). During the follow-up period, all patients
showed good internal fixation and solid bony fusion was
achieved. At the final follow-up, JOA score increased from
8.58 � 2.53 before surgery to 12.67 � 1.84, and VAS score
improved from 6.17 � 1.21 to 2.08 � 1.32. Significant
improvements in VAS and JOA were established at the last
follow-up visit (P < 0.05) (Table 1). Clinical symptoms were
relieved in all patients after revision surgery (Table 2). No
perioperative complications occurred, such as cerebrospinal
fluid leakage, instrumentation failure, neurological deteriora-
tion, or vascular injury. However, superficial surgical site
infection was observed in one patient, which healed after
intermittent debridement and antibiotics.

As shown in Fig. 2, a 37-year-old man underwent pos-
terior occipitocervical fusion and fixation surgery (C0-5) on
17 November 2014 and was admitted to our clinic on 12
September 2017. The chief complaint was sensation of sore-
ness in occipital and neck accompanied by numbness in left
forearm for 1 month. Preoperative X-ray and CT showed the
occipital screws loosening. Then, a revision surgery utilizing
bicortical screws and occipital plate was performed. Postop-
erative X-ray at 3 month follow-up showed rigid internal fix-
ation and postoperative CT at 2-year follow-up after surgery
showed rigid internal fixation and bone fusion (Figs 3, 4).

Discussion

Occipitocervical instability is a life-threatening structural
instability of the region followed by a series of neuro-

logical deficiencies, which could be caused by various patho-
logical conditions such as congenital malformation, trauma,
infection, tumor, rheumatoid arthritis, and degenerative dis-
eases. It is crucial to reconstruct the normal anatomical rela-
tionship of occipitocervical junction and restore its stability
as soon as possible6. As the most complex spinal structure,
the occipitocervical junction has the maximum activity and
remains stable simultaneously, not to mention the significant
location adjacent to the medulla oblongata. Besides, the
medial side of the occipital bone is adjacent to the dura
mater, dural sinus, and occipital lobe. Based on this, it was
once known as the “surgical restricted area,” which was diffi-
cult to operate on. Researcher proposed that the ideal
craniocervical stabilization system should meet the following

conditions7: (i) to provide rigid segmental stability; (ii) to
avoid invasion of the spinal canal; (iii) to provide orthopae-
dic stability until bone fusion without the assist of an exter-
nal fixator; (iv) to provide stability even when the posterior
tissue and occipital plate are defective or injured. With the
development of internal instruments, wires, screws, rods, and
plates had been used with their respective characteristics8–10.
However, a few complications occurred, such as failure of inter-
nal fixation, bone graft nonunion, and poor prognosis. At pre-
sent, there is a lack of studies concerning revision surgery for
failed craniovertebral junction stabilization.

Grob11 first proposed and applied the inverted Y-
shaped plate, which achieved effective 3D fixation in biome-
chanics. Additionally, occipital plate-screw system was
proved to be the most reliable fixation technique12,13 with
diverse failure rate of 6.7%–26.67%2,14 in previous studies.
Notably, the commonly used occipital monocortical purchase
available was 12 mm, mostly considering the thickness of the
occipital plate and the safety in depth of occipital screws.
Nonetheless, shorter occipital screws and longer connecting
rods compared to other techniques tended to produce greater
shear force, which may disperse the fixation points and cause
a risk of internal fixation failure, especially for the long
length of implant. Thus, clinical efficacy and safety of the
modified technique utilizing the occipital bicortical screws
and plate approach were evaluated. In this study, all patients
were treated with two or three bicortical screws and the
inverted Y-shaped plate, combined with subaxial pedicle
screws fixation. During the follow-up period, bone fusion
was found in all cases and there were no complications such
as failure of internal fixation and vascular injury. Previous
study showed that the mean bone thickness of the external
occipital protuberance was 14 mm, which was the thickest in
this region adjacent to the superior nuchal line. The thick-
ness decreases sequentially from the external occipital protu-
berance to the upper and inferior regions, and the thinnest
part was about 5.7 mm15. Therefore, several scholars advo-
cated the use of unicortical screws in the site of external
occipital protuberance and the trajectory was the best in sta-
bility and safety perpendicular to the surface of
the protuberance16. To avoid damaging the cerebral tissue
and occipital venous sinuses, Ebraheim16 suggested that the
direction of the trajectory should be towards the center of
the protuberance. In the present study, the instruments failed
to achieve long-term stability for the initial operation. The
consensus is that the pullout strength was positive correlative
to the screw length biomechanically. Consideringthe require-
ment for more rigid fixation of resurgery and insufficient
resistance to pull out of unicortical screws, we recommended
the vertical placement of bicortical screws with superior pull-
out strength in revision surgery. During the procedure,
depth-limited drilling was utilized for the sectional drilling
and the trajectory was deepened 2 mm away from the inter-
nal bone plate during the first stage, and then drilled at an
interval of 1 mm until reaching the internal bone plate.
Meanwhile, a probe was used to explore all the walls of the
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trajectory. The above procedure mostly guaranteed the safety
of the operation. Based on our clinical experience, the depth
of the screw could penetrate the inner occipital plate within
2 mm, owing to the interval space between the inner occipi-
tal table and the skull periosteum. Additionally, the skull
periosteum has a degree of toughness. In the process, the
operation should be conducted gently and meticulously to
ensure safety.

Generally, the main reason for the instrument failure
came from persistent segmental instability17, in which the
downward shift of stress caused by long segment fixation
may be one of the significant reasons. Until now, it there has
been a consensus that bony fusion was the goal of
occipitocervical surgery17. In the present study, bony fusion
was not achieved after initial surgery in six cases, which may
be an important cause of instability. Similarly, the internal
fixation system without bone graft made it hard to achieve
bone fusion in the real sense, and the stability depending on
metal implant, which inevitably had a higher risk of fixation
fatigue. It was well-accepted that the role of the internal fixa-
tion instrument contributed within a few weeks after the
operation, after which the role of the graft in stabilizing
the area was replaced by bone fusion.

Cappuccio et al.18 suggested the segment fixation
irrespective of the range of motion should be considered in
adult patients with spinal degeneration. In fact, the range of
motion of the upper cervical spine, especially extending
activity, was significantly decreased with increasing age19.
Thus, there would be no significant clinical difference owing
to the decrease of postoperative range of motion. Further-
more, considering the risk of instability, the difficulty of revi-
sion surgery, and the complex physical conditions of elderly
patients, posterior plate-screw technique with desired biolog-
ical performance was preferred20,21. On the contrary, wire
technique or short segment fixation preserving activity was
more suitable for the pediatric population22. In summary,
rigid internal fixation was the primary consideration. In our
study, two patients with atlantoaxial segmental fixation had
secondary dislocation, which indicated that the previous
treatment of occipitocervical instability with basilar invagina-
tion was inadequate, resulting in incomplete reduction and
potential risk of vertical dislocation23,24. Although the under-
lying pathological mechanism of basilar invagination
remained to be further studied, it was well-described that
patients with basilar invagination may encounter secondary
vertical dislocation of odontoid process due to atlantoaxial
reduction and fixation alone3. As such, occipitocervical
fusion extending to occipital bone is necessary.

The status of the graft could be determined directly in
terms of radiology; however, revision surgery still requires
comprehensive consideration of clinical symptoms and neu-
rological function. In this study, all patients had varying
degrees of cervical and occipital pain, of which 11 cases
(91.67%) were associated with spinal cord nerve dysfunction.
Combined with radiological instability factors, there were
clear indications for revision surgery. Of note, Goel17

reported 30 cases of craniovertebral revision, among which
17 cases were accompanied with progressive neurological
symptoms, had no graft failure or abnormal dynamic radio-
graphs, and the symptoms were improved after posterior
fusion. This suggested that neurological symptoms may be
related to persistent minor instability without explicit
evidence from radiology25.

Revision surgery in the occipitocervical region was
demanded due to existing graft, adhesions, and scar for-
mations. Artificial anatomic changes caused by decom-
pression and bone transplantation also led to plenty of
problems in surgical exposure, separation and placement
of new fixations. Besides, the longer the interval between
operations, the more difficult the operation wound
be. Overall, surgeons must have rich experience in upper
cervical spine surgery and revision techniques to make
them as effective, simple, and safe as possible. In recent
years, occipital plate-screw and occipital condylar screw
were discussed widely. Among them, the new technology
of integrated occipital plate and connecting rod had been
applied. However, it required more complex bending for
adapting to the shape of the skull. The larger occipital
plate might even hinder the placement of the atlantoaxial
screws. Furthermore, the occipital screw placement is
located on both sides of the midline where the bone is
thinner compared with the external occipital protuber-
ance; thus, there may be a slight deficiency in biomechani-
cal properties. Occipital condylar screws have been
reported on in the last few years as directly fusing the
joints with short segmental fixation, and the biomechani-
cal properties were seen as satisfactory17,26. Moreover, the
technique permitted a large space for bone graft. However,
the depth of intraoperative exposure was rather deep,
which resulted in the resection of C2 nerve root and the
unilateral placement of screws frequently. Besides, the
patients with atlantoaxial dislocation accompanied with
basilar invagination tended to have a high rate of vertebral
artery variation, which may have a higher risk of vertebral
artery injury in the operation. Therefore, occipital condy-
lar screws might have more difficulty and risk in revision
operation, and there has tended to be an alternative of
occipital plate27,28, especially for the cases who were not
suitable for the placement of occipital plates due to occipi-
tal defects caused by tumors, congenital dysplasia, or iat-
rogenic factors. In summary, the occipital plate-screw
system was still preferred for occipitocervical revision sur-
gery, while preoperative CT scan could not be ignored to
evaluate the thickness of the occipital12. Previous studies
reported that plate-screw technology had a high risk of
infection3 and one postoperative infection occurred in this
cohort of patients. Nevertheless, we believed that perioper-
ative antibiotic treatment, strict intraoperative aseptic
operation, and timely dressing change might avoid the
occurrence of infection to a certain extent.

There were several limitations in the present study. Chief
among them was a lack of patients who had undergone revision
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surgery and relatively short-term follow-up. This was mainly
due to the paucity of patients necessitating revision surgery of
the craniocervical region. Another limitation was the study’s
retrospective nature. Further large control studies are warranted
and may have more standardized outcome measures.

Conclusion
Posterior occipital plate and bicortical screws provided rigid
segmental fixation, relief from symptoms, and improvement

in neurologic deficits with relatively simple procedure with-
out excessive tissue release or intraspinal manipulation.
Thus, it was shown to be a valuable modified technique for
occipitocervical revision surgery.

Acknowledgments

The authors acknowledge the staff in this study (China–
Japan Friendship Hospital, Beijing, China) for their col-

laboration involved in this work.

References
1. Bosco A, Aleem I, La Marca F. Occipital condyle screws: indications and
technique. J Spine Surg, 2020, 6: 156–163.
2. Winegar CD, Lawrence JP, Friel BC, et al. A systematic review of occipital
cervical fusion: techniques and outcomes. J Neurosurg Spine, 2010, 13: 5–16.
3. Sindgikar P, Das K, Sardhara J, et al. Craniovertebral junction anomalies:
when is resurgery required? Neurol India, 2016, 64: 1220–1232.
4. Huskisson EC. Measurement of pain. Lancet, 1974, 2: 1127–1131.
5. Ono K, Ebara S, Fuji T, Yonenobu K, Fujiwara K, Yamashita K. Myelopathy
hand. New clinical signs of cervical cord damage. J Bone Joint Surg, 1987, 69:
215–219.
6. Wertheim SB, Bohlman HH. Occipitocervical fusion. Indications,
technique, and long-term results in thirteen patients. J Bone Joint Surg, 1987,
69: 833–836.
7. Grob D, Dvorak J, Panjabi M, Froehlich M, Hayek J. Posterior occipitocervical
fusion. A preliminary report of a new technique. Spine (Phila Pa 1976), 1991, 16:
S17–S24.
8. Deutsch H, Haid RJ, Rodts GJ, Mummaneni PV. Occipitocervical fixation: long-
term results. Spine (Phila Pa 1976), 2005, 30: 530–535.
9. Izquierdo R, Origitano TC, Al-Mefty O, Leonetti JP, Anderson DE, Reichman OH.
Use of vascularized fat from the rectus abdominis myocutaneous free flap
territory to seal the dura of basicranial tumor resections. Neurosurgery, 1993,
32: 192–196 197.
10. Grob D, Schutz U, Plotz G. Occipitocervical fusion in patients with rheumatoid
arthritis. Clin Orthop Relat Res, 1999, 366: 46–53.
11. Grob D. Posterior occipitocervical fusion in rheumatoid arthritis and other
instabilities. J Orthop Sci, 2000, 5: 82–87.
12. Hsu YH, Liang ML, Yen YS, Cheng H, Huang CI, Huang WC. Use of screw-rod
system in occipitocervical fixation. J Chin Med Assoc, 2009, 72: 20–28.
13. Sapkas G, Papadakis SA, Segkos D, Kateros K, Tsakotos G, Katonis P.
Posterior instrumentation for occipitocervical fusion. Open Orthop J, 2011, 5:
209–218.
14. Martinez-Del-Campo E, Turner JD, Kalb S, et al. Occipitocervical fixation: a
single Surgeon’s experience with 120 patients. Neurosurgery, 2016, 79:
549–560.
15. Tan MS, Wang H, Jiang X, et al. Screw fixation via diploic bone paralleling to
occiput table: anatomical analysis of a new technique and report of 11 cases. Eur
Spine J, 2007, 16: 2225–2231.

16. Ebraheim NA, Lu J, Biyani A, Brown JA, Yeasting RA. An anatomic study of
the thickness of the occipital bone. Implications for occipitocervical
instrumentation. Spine (Phila Pa 1976), 1996, 21: 1725–1729.
17. Goel A, Dhar A, Shah A, Rai S, Bakale N, Vaja T. Revision for failed
Craniovertebral junction stabilization: a report of 30 treated cases. World
Neurosurg, 2019, 127: e856–e863.
18. Cappuccio M, de Iure F, Amendola L, Paderni S, Bosco G. Occipito-cervical
fusion in post-traumatic instability of the upper cervical spine and cranio-cervical
junction. Eur Spine J, 2013, 22: S900–S904.
19. Kuhlman KA. Cervical range of motion in the elderly. Arch Phys Med Rehabil,
1993, 74: 1071–1079.
20. Clarke MJ, Toussaint LR, Kumar R, Daniels DJ, Fogelson JL, Krauss WE.
Occipitocervical fusion in elderly patients. World Neurosurg, 2012, 78: 318–325.
21. Hu Y, Yuan ZS, Kepler CK, Dong WX, Sun XY, Zhang J. Comparison of
occipitocervical and atlantoaxial fusion in treatment of unstable Jefferson
fractures. Indian J Orthop, 2017, 51: 28–35.
22. Wenning KE, Hoffmann MF. Does isolated atlantoaxial fusion result in better
clinical outcome compared to occipitocervical fusion?. J Orthop Surg Res, 2020,
15: 8.
23. Camino WG, Bosio ST, Puigdevall MH, Halliburton C, Sola CA, Maenza RA.
Craniocervical spinal instability after type 1 Arnold Chiari decompression: a case
report. J Pediatr Orthop B, 2017, 26: 80–85.
24. McLaughlin MR, Wahlig JB, Pollack IF. Incidence of postlaminectomy
kyphosis after Chiari decompression. Spine (Phila Pa 1976), 1997, 22:
613–617.
25. Goel A. Not neural deformation or compression but instability is the cause of
symptoms in degenerative spinal disease. J Craniovertebr Junction Spine, 2014,
5: 141–142.
26. Uribe JS, Ramos E, Youssef AS, et al. Craniocervical fixation with occipital
condyle screws: biomechanical analysis of a novel technique. Spine (Phila Pa
1976), 2010, 35: 931–938.
27. Joaquim AF, Osorio JA, Riew KD. Occipitocervical fixation: general
considerations and surgical technique. Global Spine J, 2020, 10: 647–656.
28. Du Y, Qiao G, Yin Y, Li T, Yu X. Posterior atlantoaxial facet joint reduction,
fixation and fusion as revision surgery for failed suboccipital decompression in
patients with basilar invagination and atlantoaxial dislocation: operative nuances,
challenges and outcomes. Clin Neurol Neurosurg, 2020, 194: 105793.

245
ORTHOPAEDIC SURGERY

VOLUME 14 • NUMBER 2 • FEBRUARY, 2022
OCCIPITOCERVICAL RESURGERY WITH BICORTICAL SCREW


	 Occipitocervical Revision Surgery Using the Bicortical Screw and Plate System for Failed Craniovertebral Junction Stabiliz...
	Introduction
	Materials and Methods
	Patient Selection
	Surgery Preparation
	Operative Technique
	Evaluation
	Visual Analog Scores (VAS)
	Japanese Orthopaedic Association Scores (JOA)

	Statistical Analysis

	Results
	Discussion
	Conclusion

	Acknowledgments
	References


