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C7 fracture treated with a pedicle screw
system under navigation guidance
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ABSTRACT

A 51-year-old woman with traumatic fracture-
subluxation of C6-C7 vertebrae was treated by
pedicle screw fixation. Among several methods
for surgical treatment of the cervical spine, this
technique provides a more rigid anchor to prevent
collapsing or instability of the spinal column,
particularly at the cervicothoracic junction. However,
the risk of injuring the adjacent neurovascular
structures cannot be completely eliminated. The
characteristics of the cervicothoracic junction,
surgical approaches and pedicle screw fixation
techniques are emphasised.
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INTRODUCTION
Surgical stabilisation of the unstable cervical spine
can be achieved by using many techniques of spinal
fixation. The procedures are indicated when disruption
of the normal elements compromises the protective
function of the spine and threatens neurological
function(1,2). There is no consensus regarding the use of
anterior, posterior or combined approaches of the
surgical procedure, especially in cases of fracture-
subluxation of the cervicothoracic junction (CTJ).
The transpedicular screw fixation has been reported
for the treatment of cervical spine instability caused
by trauma(3,4). Although this technique has been
reported by some authors for its superiority for
fixation in cases of three-column instability, there is
an increased possibility of injuring the vertebral
arteries or the spinal nerve roots(5-8). A case of cervical
spinal instability secondary to a C6-C7 traumatic
fracture-subluxation is reported, with pedicle screw
fixation assisted by a neuronavigation system.

CASE REPORT
A 51-year-old woman was admitted to our emergency
room because of multiple organ injuries caused

by an automobile accident. Her injuries included
traumatic brain subarachnoid haemorrhage,
haemothorax, and multiple laceration wounds on
the scalp and face. Neurological examination
revealed a stuporous conscious state with paraparesis
and positive Babinski reflex on the left side. Cervical
radiographs showed swelling of the retrotracheal
soft tissue and a superior C7 vertebral body fracture
(Fig. 1a). Axial and three-dimensional computed
tomography (CT) confirmed a C7 fracture involving
the lateral mass and vertebral body on the right
side and C6-7 subluxation (Figs. 1b-c). Magnetic
resonance (MR) imaging revealed the presence of
intramedullary high signal intensity on the T2-
weighted image and rupture of the C6-7 interspinous
ligament (Figs. 1d-e). Vertebral angiography showed
no occlusion or displacement.

The patient underwent pedicle screw fixation
from C6 to T1 levels. The neuronavigation system,
Medtronic Stealth-Station (Sofamor Danek, Tennessee,
USA), was used in addition to fluoroscopy, to avoid
damaging the vertebral artery during screwing. Under
general anaesthesia, the patient was placed in
prone position. After midline bilateral subperiosteal
dissection, the spinous processes, laminae, facet joints
and transverse processes of C6 to T1 vertebrae were
exposed. The fractured lateral mass of the right side
of C7 vertebra was identified. After introducing
a neuronavigator, registration for pedicle screw of
Steffee VSP (AcroMed Inc., Ohio, USA) was made
at C7 vertebral level (Fig. 2).

The preplanned entry points for the pedicle
screw at the left side of C7 vertebra were identified.
Under fluoroscopy, the cancellous bone in the
pedicle was pierced with a probe. The hole of the
probe was then inputted with a depth gauge, which
showed a depth of 35mm. At the right side of
C7 vertebra, this procedure was not performed
because of the presence of a fractured lateral mass.
The same procedure was repeated on both C6
and T1 pedicles. Marking pins were then inserted
to these five pedicles and their positions were
confirmed with fluoroscopy. After good positioning
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was obtained, the pins were replaced with titanium
pedicle screws (Steffee 4.5mm diameter, 35mm
length) and screwed through the pedicles of C6
vertebra bilaterally, left C7 vertebra and T1 vertebra
bilaterally, respectively, under navigation and
fluoroscopic guidance. Two titanium rods were
applied to the head of the pedicle screws and fixed
with screws. After complete haemostasis was
performed, a drain was placed under the muscle
layer and the wound was closed meticulously.
The patient wore a cervical collar for two months
postoperatively.

Fig. 1 (a) Lateral radiograph shows retrotracheal soft tissue
swelling and superior C7 vertebral body fracture. (b) Axial CT
image shows fractures of C7 right lateral mass and vertebral
body. (c) 3D CT image shows fracture of C7 right lateral mass
and C6-7subluxation. (d) Axial T2-W MR image taken at C7
level shows spinal canal narrowing and intramedullary
high signal intensity. (e) Sagittal T2-W MR image shows
retrotracheal soft tissue swelling, C7 vertebral fracture, spinal
cord impingement and C6-7 interspinous ligament disruption.
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The patient was referred to the rehabilitation
centre, and underwent physical training for six
months until she was able to walk unaided. Two
weeks after surgery, cervical radiographs showed
a reasonable restoration of the vertebral column
without a further kyphotic deformity (Figs. 3a-b).
Axial CT confirmed the placement of the pedicle
screws into the C6-T1 vertebral bodies.

DISCUSSION
The cervicothoracic junction (CTJ) is subjected to
unique biomechanics in the spinal column, because
it is in a transitional zone between the lordotic, mobile
cervical spine and the kyphotic, more rigid thoracic
spine(14). Lesions occurring in this area, including
traumatic injury, have a high propensity for causing
instability and pose unique challenges in the
surgical treatment(3,10,11). The anterior approach
to the CTJ is generally regarded as difficult(12). This
reputation is warranted because of the depth of
the vertebral bodies (VBs) from the skin and the
thoracic kyphosis which angles the VBs away from
the surgeon(12). Further complicating the approach
are the nerves, lymphatic and vascular structures
that cross the operative exposure in the upper
mediastinum(9,12).

Some form of extension should be performed
to reach the thoracic VBs, including median
sternotomy, manubrial resection, clavicular osteotomy
or combination with thoracotomy(9,12). This allows for
adequate exposure of the ventral VBs as far caudal
as T2 level. Gieger et al(12) also reported recurrent
laryngeal nerve (RLN) palsies in their series. RLN
has three portions. The descending portion may
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Fig. 2 3D CT images of the cervical spine on neuronavigator
indicates the pedicle screw trajectory site at the left side of
T1 vertebra.

Fig. 3 (a) Frontal and (b) lateral cervical radiographs show reasonable alignment of the cervical spine after placement of pedicle screws
and rods.
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be injured if the dissection is not kept medially
to the carotid sheath or by overvigorous carotid
retraction, while the transverse and descending
portions may be injured by retraction on the trachea
and oesophagus.

 The posterior approach could avoid those
pitfalls described above. Posterior fixation devices
have advantages over anterior devices for fixation
of three-column instability(11,13). Many surgical
options are available for posterior spinal fixation,
such as interspinous wiring, sublaminar wiring,
laminar hooks, lateral mass and pedicle screw
fixations(14-16). For fixation of three-column instability,
lateral mass and pedicle screw fixations could
provide greater stabilisation than any other fixation
procedures(13).

Bueff et al(17) demonstrated, in an experimental
study, that cervical pedicle screws provided more
rigid stability than cervical lateral mass screws in
fixation of the CTJ. The results of a recent comparative
biomechanical study on the cervical spine by
Jones et al(5) provided evidence of greater pullout
strength of cervical pedicle screws than of lateral
mass screws. Todd et al(16) reported that the lateral
mass thickness decreases as the vertebrae descend
the lower cervical spine. At C7 vertebral level, the
lateral masses are small, so they often provide
unsatisfactory fixation quality.

Conversely, its pedicles have relative bigger
dimensions, allowing for bigger screw length insertion
to improve pullout strength(14). This increased
rigidity allows for shorter construction length and
decreased time in external orthoses(5-7,18-20). This,
therefore, led the authors to use pedicle screw
fixation for this patient. However, it is technically
demanding because of possible injuries of the
vertebral arteries or the spinal nerve roots(13,21).
There has been considerable debate about the
safety of pedicle screw placement in the lower
cervical spine and upper thoracic spine, including
the CTJ(4,22-26). Lateral perforation of the pedicular
cortex is a potential threat to the vertebral arteries
at the cervical level, and to the pleural cavity at the
thoracic level(16,21,22).

The neuronavigation system together with an
intraoperative fluoroscopy can minimise the risk of
these complications(13,27,28), particularly in cases of
distorted cervical spine. The neuronavigator provides
axial, coronal and sagittal views at the same time,
something that could not be provided by fluoroscopy
alone. Confirming the exact point of the screw
penetration is critical, and the surgeons must pay
great care because of the difficult orientation of
the screw when advancing into the pedicle.
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2004 SMA ANNUAL GOLF CHAMPIONSHIP

The 2004 SMA ANNUAL GOLF CHAMPIONSHIP will be held on 27 October 2004 (Wednesday) at
Laguna National Golf and Country Club (LNGCC), Classic Course.

As usual, players can look forward to excellent prizes. There will also be a buffet dinner at 7.30pm, Eagle
room, after the golf competition.

The entrance fee is $160 for non-LNGCC members and $100 for LNGCC members.

Kindly send your participation reply-slip by 13 October 2004.

To: Ms Karen Teo
Singapore Medical Association
2 College Road, Level 2
Alumni Medical Centre
Singapore 169850

Fax: 6224 7827 Email:  karen@sma.org.sg

I wish to participate in the 2004 SMA Annual Golf Championship.

I am / am not * a member of LNGCC My membership no. is ______________________________

I am / am not * a senior Golfer (above 55 years old). My handicap is __________________________________

        12:30pm - 1:00pm 1:00 pm - 1:30pm

I enclose a cheque no. _____________________ made payable to “Singapore Medical Association” of $160
(non-LNGCC member) / $100 (LNGCC member) *.

Name: ___________________________________________        Signature: _______________________________

Address: ______________________________________________________________________________________

______________________________________________________________________________________________

Tel: ________________________________        Fax / Email: ___________________________________________

* Delete where applicable.


