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Abstract

This paper describes two patients with cervical spondyloptosis with severe spinal cord injury treated
with cervical pedicle screw (CPS) through a single-stage operation, posterior approach. A 60-year-old
male patient with quadriparesis due to trauma 1 day before visited the emergency room. Cervical spine
computed tomography (CT) and magnetic resonance imaging showed complete dislocation of the C7 and
T1 vertebrae with severe spinal cord compression, disc injury, and disc herniation at the C7-T1 level.
Cervical pedicle screw with freehand technique was done on C6 and T1 vertebrae, and bilateral distraction
for a reduction was performed with a screw distractor. After reduction of the C7 vertebra on the surgical
field, CPS placement on C7 body was done. After surgery, follow-up X-rays showed near complete reduction.
The patient completed a rehabilitation program, and his condition improved. From the third month
postoperatively, the patient could ambulate without assistance and perform nearly normal daily activities.
A postoperative CT scan 1 year later showed accurate screw position and complete fusion bridges on
the C6-C7-T1 vertebrae. The other patient, a 39-year-old male, also showed C7-T1 spondyloptosis with
quadriparesis (grade IV). C6-T1-T2 fusion surgery was performed only through a posterior approach.
The patient showed nearly normal neurology and reduction. Considering early surgery time followed
by open reduction and biomechanical superiority of CPS, single posterior approach and short segment
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fusion appear to be a great surgical method.
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Introduction

Cervical spondyloptosis, a rarely reported traumatic
fracture, is generally associated with high-energy
trauma and severe spinal cord injury (SCI). Although
it is highly unstable and surgical treatment is
mandatory, controversy still surrounds the fixation
technique and the role and effectiveness of closed
reduction.™™

In previous studies, the efficacy and safety of
cervical pedicle screw (CPS) placement has been
shown, even with a freehand technique.*” The
authors have also shown the effectiveness of CPS
placement in traumatic conditions, especially
subaxial cervical spine facet dislocation.®? In this
study, two challenging but successfully treated
cases of cervical spondyloptosis, C7-T1 level, were
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described in which the dislocation was completely
reduced and the short segment was fused using
CPS placement and interbody grafting through a
posterior approach.

Technical Note

A 60-year-old male patient with quadriparesis due
to trauma 1 day before visited the emergency room.
The patient had fallen on a pile of logs and been
rescued. The mechanism of trauma was estimated
to be compression and distraction, which resulted
in subaxial cervical spine translation with pedicle
fracture. He was otherwise healthy with no abnormal
past medical history. Preoperative neurological
examination of the patient’s muscle strength showed
grade 2 in the upper extremities and grade 0 in
the lower extremities. In addition, there was no
anal tone, and no sensory function was preserved
in the anal area. Thus, the patient was classified
with American Spinal Injury Association (ASIA)
grade A injury.
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Preoperative sagittal computed tomography (CT)
showed complete dislocation of the C7 and T1
vertebrae, indicating traumatic subaxial cervical
spondyloptosis on the C7-T1 level and bilat-
eral pedicle fracture of the C7 vertebrae. Also,
T2-weighted sagittal magnetic resonance imaging
(MRI) showed severe spinal cord compression,
disc injury, and disc herniation on the C7-T1
level (Fig. 1).

It was nearly 7 h from the patient’s arrival to
the initiation of emergency surgery, which was
completed in approximately 4 h. The patient was
kept in prone position, and surgery was done under
general anesthesia. CPS with freehand technique was
done on C6 and T1 vertebrae using 4.5 x 32 mm?
screws (Vertex system, Medtronic-Sofamor Danek,
Memphis, TN, USA). After insertion of CPS on
C6 and T1 vertebrae and rod connection, bilateral
distraction for a reduction was performed with screw
distractor (Medtronic-Sofamor Danek). Because the
C7 vertebral body was lying entirely in front of
the body of T1 and disconnected from its poste-
rior elements because of bilateral pedicle fracture,
the separated lamina, including spinous process
and facet, were removed in an en bloc fashion.
Post the identification of the reduction of the C7
vertebra on surgical field, CPS placement on directly
C7 body without passing through the pedicle was

done using 4.0 x 32 mm? screws (Vertex system,
Medtronic-Sofamor Danek).

After laminectomy and facetectomy, the disc was
removed through the wide space of C7-T1 foramen
under the C7 root using pituitary forceps. Because
of the highly unstable nature of spondyloptosis even
after successful reduction of completely torn disc,
discectomy and insertion of local bone graft chips
was accomplished with a small distraction through
the posterolateral direction.

After discectomy on the C7-T1 level, local bone
graft chips were inserted, followed by the insertion
of the fractured pedicle and fibular allograft bone,
both with a 7 mm height, for the transforaminal
interbody fusion (Figs. 2 and 3).

The follow-up period lasted for 1 year, and from
the 3rd month postoperatively, the patient could
ambulate without assistance and perform nearly
normal daily activities, indicating ASIA grade D.
Postoperative cervical MRI 2 weeks later and
radiography 6 months later showed completely
corrected alignment of C6-C7-T1 vertebrae and
accurately inserted screw position. A postoperative
CT scan 1 year later showed accurate screw posi-
tion and complete fusion bridges on the C6-C7-T1
vertebrae (Fig. 1).

The second case was another 39-year-old male
patient who had undergone C7-T1 pedicle screw

Fig. 1
C7 vertebra from the T1 vertebra and indicating spondyloptosis on the C7-T1 level. T2-weighted sagittal MRI
showing severe spinal cord compression, disc injury, and disc herniation on the C7-T1 level. (B) Postoperative
CT images 1 year after the operation. In the sagittal image, the presence of bridging bone between C6 and C7,
and C7 and T1 is seen. The axial view shows accurate screw position on the C6-C7-T1 vertebrae.

(A) Preoperative computed tomography (CT) sagittal and axial images showing complete dislocation of
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Fig. 2 Schematic diagram for reduction and transforaminal interbody fusion procedure. Left: Traumatic subaxial
cervical spondyloptosis on the C7-T1 level. Distraction for reduction was performed after CPS placement on C6,
T1, and rod connection. Middle: After the identification of the reduction of the C7 vertebra on the surgical field,
CPS was placed directly on the C7 body after removing posterior column structure, including both C7 pedicles and
lamina. Right: After discectomy on the C7-T1 level, local bone graft chips were inserted, followed by the insertion
of fractured pedicle and fibular allograft bone, both with a 7 mm height, through the C7-T1 foramen.

fixation surgery 1 month before due to bilateral
facet locking (C7-T1 after diving). He was presented
with sudden neck pain during rehabilitation. The
patient showed quadriparesis (grade IV) and voiding
difficulty after neck pain occurred, indicating ASIA
grade D injury. On the CT scan and lateral radio-
graphs, both C7 screws had been pulled out and
displaced in both pedicle fractures. MRI showed
cord compression and disc injury. The mechanism
of trauma was thought to be flexion and distraction
during rehabilitation exercise, resulting in C7-T1
spondyloptosis.

About 14 h after the neck pain and weakness
occurred, short segment PSF was done. Procedure
was C6-T1-T2 using 4.5 x 30 mm? on C6 and
6.5 x 35 mm? on T1-2 screws (Legacy system,
Medtronic-Sofamor Danek) with the same reduction
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Fig. 3 Intraoperative images
showing CPS with freehand
technique at C6 and T1 verte-
brae. After insertion of CPS
and rod connection, bilateral
distraction for a reduction
was done. An additional CPS
was placed on the C7 body.
Transforaminal interbody fusion
was completed (see dotted
line circle) with the fractured

3 pedicle fragment (7 mm height)
1 - Bl and fibular allograft bone
(7 mm height) serving as bilateral
interbody cages.

.2 T1 SP
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method, distracting between C6 and T1 pedicle
screws. Both C7 pedicles were already broken, so
screws were not inserted at the C7 level. Because
of the desire to preserve a more mobile cervical
segment, the surgeon stopped at C6 rather than C5
level. Instead, thicker C6 pedicle screws and rod
were used that were usually for thoracic spinal
fixation (4.5 x 30 mm? screws and 5.5 mm diam-
eter rod, Legacy system, Medtronic-Sofamor Danek).
To achieve biomechanical stability for this highly
unstable pathology, additional T2 segment fixation
was deemed mandatory.

The patient’s neurologic symptoms improved, and
function was nearly normal when he was discharged.
The excellent prognosis was most likely due to a
rapid reduction and strong biomechanical stability
(Fig. 4).
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Fig. 4 (A) Preoperative X-ray image, CT scan, and MRI showing spondyloptosis with the C7-T1 screw displacement
that was previously inserted. (B) Postoperative X-ray showing good alignment.

Discussion

Despite a relatively low success rate ranging from
42% to 57%, closed reduction was recommended
to treat severe traumatic cervical spondyloptosis.®!?
However, previous studies by the authors have shown
that cervical dislocation can be successfully treated
with initial open reduction followed by CPS place-
ment through the posterior approach.? Therefore,
the authors believed that these patients could also
be treated similarly and could show instrument
durability, because of the biomechanically strong
fixation power of CPS placement.

The approach of early surgery followed by open
reduction (with or without closed reduction) is
believed to result in better clinical outcomes for
patients with SCI, especially considering the low
success rate and/or the possibility of the failure of
closed reduction in the case of severe cervical facet
dislocation.®*"-'% In the current study, the first patient
began to perform nearly normal daily activities at
3 months postoperatively and transitioned from ASIA
grade A to D. Compared with previously reported
neurological outcomes,*!*?% this improvement seems
quite unusual and is probably related to ultra-early
surgical reduction and decompression.

As previously reported, the accuracy rate of CPS
placement in the current study was more than 96%
even with the freehand technique, because five
safety steps were followed to avoid neurovascular
complications. The five safety steps of freehand

CPS placement consist of the following sequence:
(1) Preoperative planning using CT angiography (CTA);
(2) adequate medial angle using a curved pedicle
probe; (3) ability to detect pedicle breach with a
ball tip probe; (4) a lateral mass screw conversion
when a breach was felt; and (5) ability to interpret
the intraoperative AP radiographic images after
screw insertion.*®

Because of the relatively poor supporting environ-
ment in an emergent situation for the traumatic patient,
high-cost equipment such as navigation, a guide
template, or even a fluoroscope may not be useful.
Considering the cost-benefit ratio, it is suggested that
such cumbersome, high-cost equipment cannot easily
substitute for surgical technique.

The American Association of Neurological Surgeons
and the Congress of Neurological Surgeons Joint
Section evidence-based Guidelines on the Management
of Acute Cervical Spine and Spinal Cord Injuries do
not recommend the use of steroid for SCI.?" There-
fore, in compliance with these guidelines, steroids
were not administered to the patients in this study.

According to previous reports on this severely
unstable, traumatic condition, a combined approach
using the anterior and posterior surgical route has
been most commonly seen in a small number of
cases using only the anterior approach and a few
cases using only the posterior approach. In addi-
tion, most of the previously reported cases using
the posterior approach needed at least four levels of
segment fusion. In one case using the anterior-only
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approach, there was early instrumentation failure,
indicating that the anterior approach should be
followed by additional posterior-instrumented
fusion.®1°29 Until now, there has been no report of
a short segment and single posterior-only approach
to fuse two or three vertebral segments for cervical
spondyloptosis. This report finally shows complete
radiological fusion in our patients.

Because C7 body had slipped down in front of
the T1 vertebra body in this spondyloptosis, C7-T1
level differently a low-grade spondylolisthesis, the
screw could not be inserted on C7 level without
reduction. Thus, the screws were inserted into the
upper (C6) and lower (T1) vertebrae, and the reduc-
tion was performed through distraction. After that,
the last screws on the reduced C7 vertebra body
could be inserted directly without passing through
the pedicle due to their absence. During the reduc-
tion maneuver, careful consideration should be
given to the risk of herniated disc and hematoma,
which can cause cord damage on the ventral side.

Pedicle screw placement has a long history for treat-
ment of thoracic or lumbar spine trauma, including
fracture and dislocation. In cases of cervical spine
trauma, the authors believe that the same fusion
level and surgical approach considerations can be
used if CPS is used instead of lateral mass screws.

We previously showed the accuracy and safety of
our subaxial CPS technique from C3 to C7 cervical
spine, several times.**%9 If the spondyloptosis level
is higher than the C6 vertebra, it is most likely fatal
because of vertebral artery injury. However, if the
patient is alive and available for general anesthesia,
surgery at the C6 level or the upper level can be
accomplished in the same way as presented in this
technical report. Previous studies have shown the
safety and efficacy of subaxial CPS placement by
freehand technique.

Short segment fusion for thoracic or lumbar
spine trauma is a good surgical treatment option,
which was easily adopted for the patients in this
study.???¥ Interbody fusion on the cervicothoracic
junction seems unfamiliar because of the narrow
surgical corridor. Because our patients had highly
unstable spines, discectomy was performed followed
by the cage and fractured pedicle implantation to
obtain more fixation points and an enhanced and
extended fusion bed.

Conclusion

In this study, successful treatment was reported for
a patient with cervical spondyloptosis (C7-T1 level)
using a single posterior-only approach with short
segment fusion using CPS. The biomechanically strong
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fixation power of CPS can lead to better preservation
of mobile cervical segments, combined with good
clinical outcomes for patients with SCI, even those
with highly unstable cervical spine fractures.

Conflicts of Interest Disclosure
None.
References

1) Bhojraj SY, Shahane SM: Posttraumatic cervical
spondyloptosis at C6-7 with late-onset cord compression:
a new clinical entity. Case report. ] Neurosurg 77:
792-794, 1992

2) Ramieri A, Domenicucci M, Cellocco P, Lenzi J,
Dugoni DE, Costanzo G: Traumatic spondylolisthesis
and spondyloptosis of the subaxial cervical spine
without neurological deficits: closed re-alignment,
surgical options and literature review. Eur Spine |
23 Suppl 6: 658-663, 2014

3) Padwal A, Shukla D, Bhat DI, Somanna S, Devi BI:
Post-traumatic cervical spondyloptosis: a rare entity
with multiple management options. J Clin Neurosci
28: 61-66, 2016

4) Park JH, Jeon SR, Roh SW, Kim JH, Rhim SC: The
safety and accuracy of freehand pedicle screw
placement in the subaxial cervical spine: a series
of 45 consecutive patients. Spine (Phila Pa 1976)
39: 280-285, 2014

5) Kim HB, Lee MK, Lee YS, Sohn JY, Jung SK, Park JH:
An assessment of the medial angle of inserted
subaxial cervical pedicle screw during surgery:
practical use of preoperative CT scanning and
intraoperative X-rays. Neurol Med Chir (Tokyo) 57:
159-165, 2017

6) Lee S, Seo J, Lee MK, et al.: Widening of the safe
trajectory range during subaxial cervical pedicle
screw placement: advantages of a curved pedicle
probe and laterally located starting point without
creating a funnel-shaped hole. | Neurosurg Spine
27: 150-157, 2017

7) Gu BS, Choi SJ, Yoo B, et al.: An incidental finding
of a radiopaque pill following cervical spinal surgery
in a Parkinson’s disease patient. Korean J Spine 12:
153-155, 2015

8) Chon H, Park JH: Cervical vertebral body fracture
with ankylosing spondylitis treated with cervical
pedicle screw: a fracture body overlapping reduc-
tion technique. J Clin Neurosci 41: 150-153, 2017

9) Park JH, Roh SW, Rhim SC: A single-stage posterior
approach with open reduction and pedicle screw
fixation in subaxial cervical facet dislocations.
J Neurosurg Spine 23: 35-41, 2015

10) Sribnick EA, Hoh DJ, Dhall SS: Traumatic high-
grade cervical dislocation: treatment strategies and
outcomes. World Neurosurg 82: 1374-1379, 2014

11) Grassner L, Wutte C, Klein B, et al.: Early decom-
pression (< 8 h) after traumatic cervical spinal cord



38

12)

13)

14)

15)

16)

17)

MW Kim et al.

injury improves functional outcome as assessed by
spinal cord independence measure after one year.
J Neurotrauma 33: 1658—-1666, 2016

Inoue T, Suzuki S, Endo T, Uenohara H, Tominaga T:
Efficacy of early surgery for neurological improve-
ment in spinal cord injury without radiographic
evidence of trauma in the elderly. World Neurosurg
105: 790-795, 2017

Mattiassich G, Gollwitzer M, Gaderer F, et al.: Func-
tional outcomes in individuals undergoing very early
(< 5 h) and early (5—24 h) surgical decompression
in traumatic cervical spinal cord injury: analysis of
neurological improvement from the austrian spinal
cord injury study. J Neurotrauma 34: 33623371, 2017
Liu JM, Long XH, Zhou Y, Peng HW, Liu ZL,
Huang SH: Is urgent decompression superior to
delayed surgery for traumatic spinal cord injury?
A meta-analysis. World Neurosurg 87: 124-131, 2016
Fehlings MG, Vaccaro A, Wilson JR, et al.: Early
versus delayed decompression for traumatic cervical
spinal cord injury: results of the Surgical Timing
in Acute Spinal Cord Injury Study (STASCIS).
PLoS ONE 7: €32037, 2012

Dvorak MF, Noonan VK, Fallah N, et al.; RHSCIR
Network: The influence of time from injury to surgery
on motor recovery and length of hospital stay in
acute traumatic spinal cord injury: an observational
Canadian cohort study. J Neurotrauma 32: 645-654,
2015

Park JH, Kim JH, Roh SW, Rhim SC, Jeon SR: Prog-
nostic factor analysis after surgical decompression

18)

19)

20)

21)

22)

23)

and stabilization for cervical spinal-cord injury.
Br J Neurosurg 31: 194-198, 2017

Nassr A, Lee JY, Dvorak MF, et al.: Variations in
surgical treatment of cervical facet dislocations.
Spine (Phila Pa 1976) 33: E188-E193, 2008

Gelb DE, Hadley MN, Aarabi B, et al.: Initial closed
reduction of cervical spinal fracture-dislocation
injuries. Neurosurgery 72 Suppl 2: 73-83, 2013
Dhall SS, Sribnick EA: Significant neurologic recovery
after traumatic cervical spondyloptosis and spinal
cord injury. Spine J 14: 194-195, 2014

Hurlbert RJ, Hadley MN, Walters BC, et al.:
Pharmacological therapy for acute spinal cord
injury. Neurosurgery 76 Suppl 1: S71-S83, 2015
Dobran M, Nasi D, Brunozzi D, et al.: Treatment
of unstable thoracolumbar junction fractures:
short-segment pedicle fixation with inclusion of
the fracture level versus long-segment instrumen-
tation. Acta Neurochir (Wien) 158: 1883-1889,
2016

Dai LY, Jiang SD, Wang XY, Jiang LS: A review of
the management of thoracolumbar burst fractures.
Surg Neurol 67: 221-231, 2007

Address reprint requests to: Jin Hoon Park, Department of

Neurological Surgery, Asan Medical Center, Univer-
sity of Ulsan College of Medicine, 88 Olimpic-ro
43-gil, Songpa-gu, Seoul 05505, Korea.

e-mail: jhpark@amc.seoul.kr

Neurol Med Chir (Tokyo) 59, January, 2019



