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a b s t r a c t

Pedicle screws are one the commonest used modality in spinal instrumentation. However, the method of
pedicle screw fixation in cervical spine as compared to thoracic and lumbar spine is still technically
demanding because it carries the risk of catastrophic damage to the surrounding neurovascular struc-
tures We have utilized virtual planning and 3D (3-dimension) printing to develop a patient specific jig to
guide the accurate placement of pedicle screws. A patient with bifacetal dislocation C7 over D1 classified
as flexion-distraction injury type 3 who was planned for decompression and fusion by posterior
instrumentation at C6, C7, D1 and D2 was selected. A CT scan with 1mm cuts was used to produce DICOM
images of the same. Using these DICOM images virtual planning was done on MIMICS and 3 MATICS
software to create patient specific jigs. These jigs were then 3D printed using a 3D printer and used for
accurate placement of pedicle screws intra-operatively after adequate sterilization. Our procedure is low
cost but high technology based. It is simple, accurate, and very cost effective. The technology transfer is
very easy and can be adopted easily.

© 2018

1. Introduction

Pedicle screws are one the commonest used modality in spinal
instrumentation. However, the application of pedicle screws in
cervical spine is limited as compared to thoracic and lumbar spine
because of and small pedicle size and close proximity to the sur-
rounding structures. Most surgeons use lateral mass screws and
anterior instrumentation frequently due to better safety and
shorter learning curve. The pedicle screw fixation technique in
cervical spine offers biomechanical advantages over lateral mass
screw technique because of its firm hold along the three columns of
the spine.1,2

We have utilized virtual planning and 3D (3-dimension) print-
ing to develop a patient specific jig to guide the accurate placement
of pedicle screws.

2. Case history

A 45 year old male with fall of heavy object presented 2 days
after the injury. Patient had complete quadriplegia with bowel
bladder involvement graded as ASIA-A (American Spine Injury
Association).3 The radiological work up of the patient included X-
rays, CT (computed tomography) scan (Fig. 1) with 1mm cuts and
MRI (Magnetic Resonance Imaging). Diagnosis of bifacetal dislo-
cation C7 over D1 classified as flexion-distraction injury type 3 was
made. Patient was planned for decompression and fusion by pos-
terior instrumentation at C6, C7, D1 and D2 was made.

3. Surgical jig development and its application

3.1. Jig development

The virtual planning was done using CT scan with 1mm cuts to
produce Digital Imaging and Communications inMedicine (DICOM)
images. DICOM images were imported to MIMICS software ver17
and 3D reconstruction of the desired surgical area was created.

The 3d model of the cervical spine was exported as. stl (ster-
iolithography) file and transferred into 3 MATICS ver13. software
The guiding cylinders trajectory of pedicle screw at the desired
level was placed virtually with the 3D model (Fig. 2). Cylinders
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were made hollow to pass k-wires. The model and the screws were
evaluated by Slicing and Transparency tool for assessing the pedicle
breech. The posterior surface of lamina and lateral mass were
marked to create a surface over which a structure was built. The
right and left jigs were then connected by a bridge (Fig. 2). Similar

jig was created for C7 level also. Jigs and the spine model of the
patient were 3D printed as FDM. Jigs were tested again with the
guiding wires (Fig. 3). All of the guide wires were found appro-
priate. The printed jigs were sterilized using ETO (ethylene
trioxide).

Fig. 1. 3D RECON and sagittal view of CT scan with arrows showing bifacetal dislocation of C7 over D1.

Fig. 2. Showing guiding cylinders for pedicle screw trajectory, anticipated jig model placed over posterior elements of the spine and the 3d model of the jig.
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