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Abstract The present method of C2 laminar screw

placement relies on anatomical landmarks for screw

placement. Placement of C2 laminar screws using drill

template has not been described in the literature. The

authors reported on their experience with placement of C2

laminar screws using a novel computer-assisted drill guide

template in nine patients undergoing posterior occipito-

cervical fusion. CT scan of C2 vertebrae was performed.

3D model of C2 vertebrae was reconstructed by software

MIMICS 10.01. The 3D vertebral model was then exported

in STL format, and opened in a workstation running soft-

ware UG imageware12.0 for determining the optimal

laminar screw size and orientation. A virtual navigational

template was established according to the laminar anatomic

trait. The physical vertebrae and navigational template

were manufactured using rapid prototyping. The naviga-

tional template was sterilized and used intraoperative to

assist the placement of laminar screw. Overall, 19 C2

laminar screws were placed and the accuracy of screw

placement was confirmed with postoperative X-ray and CT

scanning. There were not complications of related screws

insertion. Average follow-up was 9 months (range 4–

13 months), 77.8% of the patients exhibited improvement

in their myelopathic symptoms; in 22.2% the symptoms

were unchanged. Postoperative computed tomographic

(CT) scanning was available for allowing the evaluation of

placement of thirteen C2 laminar screws, all of which were

in good position with no spinal canal violation. This study

shows a patient-specific template technique that is easy to

use, can simplify the surgical act and generates highly

accurate C2 laminar screw placement. Advantages of this

technology over traditional techniques include planning of

the screw trajectory is done completely in the presurgical

period as well as the ability to size the screw to the

patient’s anatomy.
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Introduction

Instability of the occipitocervical junction requiring sur-

gical stabilization may be treated with a variety of tech-

niques. The objective is to obtain solid fusion of the

involved segments, which is best achieved by minimizing

motion between them. Older methods such as the Brooks–

Jenkins or modified Gallie wiring techniques, which are

simpler procedures [2, 4] have been known for a long time.

They are associated with failure rates of fusion up to 25%,

primarily in cases with rotational instability. Newer tech-

niques have been described that effectively limit motion

along all axes. The addition of transarticular screw fixation,

according to Magerl and Seemann, offers a better biome-

chanical stability [8, 11, 20, 24]. Magerl screw fixation
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must have a very precise point of insertion of the screw to

make the fixation in the lateral mass of atlas. This may

result in a significant risk to the vertebral artery [3, 29]. The

size of the C2 isthmus can limit the ability to safely place

these screws, particularly taking into account the anoma-

lous position of the vertebral artery in relation to the isth-

mus of C2 in up to 20% of the population [5, 10, 18, 19].

Leonard and Wright [16] and Wright [27, 28] described

a new technique of C2 laminar screw for rigid screw fix-

ation of the axis and incorporation into atlantoaxial fixation

or subaxial cervical constructs. Subsequent cases have

shown good clinical results with this technique. C2 laminar

screws are appropriate due to the reduced risk of injury to

the vertebral artery and are as biomechanically stable as

pedicle screw [7, 14]. The present method of C2 laminar

screw placement relies on anatomical landmarks for screw

placement. Potentially, serious C2 ventral laminar viola-

tions during the insertion of intralaminar screws have been

reported [15]. Placement of C2 laminar screws using drill

template has not been described in the literature. The aim

of this article is to present the clinical results of a novel

computer-assisted drill guide template for placement of C2

laminar screws. It is designed to simplify and shorten the

surgical act and at the same time to enhance the accuracy

of screw positions in the C2 lamina.

Materials and methods

Prior to the operation, a spiral three-dimensional (3D) CT

scan (LightSpeed VCT, GE, USA) was performed on cer-

vical spine of each patient with 0.625-mm slice thickness

and 0.35-mm in plane resolution. The images were stored

in DICOM format, and transferred to a workstation running

MIMICS 10.01 software (Materialise company, Belgium)

to generate a 3D reconstruction model for the desired C2

vertebrae (Fig. 1a). The 3D vertebral model was then

exported in STL format, and opened in a workstation

running Reverse Engineering (RE) software UG image-

ware12.0 (EDS, USA) for determining the optimal screw

size and orientation. A screw with a diameter of 4 mm was

placed virtually into the 3D spinal model on both sides.

The virtual screw’s entry point and the trajectory were

placed centered on the lamina without violating the cortex

and two screws will not interfere with each other (Fig. 1b).

The optimal screw size was determined according to the

size of lamina as well. Afterwards, a navigational template

was constructed with one drill guide on either side. The

template surface was created to be the inverse of C2 spi-

nous process and laminar, thus potentially enabling a fit in

a lock-and-key fashion similar to a physical casting of the

vertebral surface, and specifically avoiding overlap onto

adjacent segments (Fig. 1c). The inner diameter of the

hollow cylinder was created to accommodate the pre-

planned trajectory for drilling. Once these had been done, a

drill template was constructed with a surface designed to be

the inverse of the vertebral surface (Fig. 1d).

The computer model was then exported in STL format.

The biomodel of the C2 vertebra as well as its corresponding

navigational template were both produced by acrylate resin

(Somos 14120, DSM Desotech Inc, USA) using stereoli-

thography rapid prototyping (RP) technique. The accuracy of

the navigational template was before surgery examined by

visual inspection. The biomodel and its corresponding tem-

plate were placed together, and a standard electric power

drill was used to drill screw trajectory into the biomodel at

the predefined placement, and visual inspection was taken

for any violation of C2 laminar (Fig. 2).

From June 2006 to September 2008, nine patients (four

males, five females, age 17–53 years) with basilar invagi-

nation requiring posterior instrumentation were performed

occipitocervical fusion surgery by C2 laminar screw fixa-

tion. There were eight cases with occipitalization of the

atlas, six cases accompanied by C2–3 vertebral fusion. In

three patients, a transoral surgery was initially performed,

followed by posterior surgery. The anatomy of C2 pedicle

was observed preoperative with X-ray and CT scan, if the

pedicle was very narrow, thin, or with vertebral artery

riding high, this would be deemed to be an inappropriate

indication for pedicle screws, and the laminar screw fixa-

tion may be choosed.

Under tracheal intubation and general anesthesia, patients

were placed in the prone position with the head and cervical

spine maintained in the neutral position using the Mayfield

head holder. The spinous process, lamina, and lateral masses

of C2 were then exposed as needed. Then, the drill template

was placed on the spinous process and lamina of C2. Tem-

plate and the corresponding spinous process fitted well. The

high-speed drill was used along the navigational channel to

drill the trajectory of laminar screw. Using a hand drill, the

trajectory of laminar screw was carefully drilled to a depth of

preoperation plan. A 4.0-mm screw was carefully inserted

along the same trajectory. Using the same technique as

above, a 4.0-mm screw was placed into the other lamina.

After screw placement, all exposed laminar surfaces were

decorticated with the high-speed drill. Autologous iliac crest

bone grafts were wedged under the rods between the occip-

ital bone and the spinous process and lamina of C2.

Results

Using the virtual 3D model, the optimal entry point for the

drill can be choosed, thus, determining the entry point and

direction for the C2 laminar screw. The drill template was

created to fit the postural surface of C2 spinous process
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very well. The accuracy of the drill template was before

operation examined by drilling K wire trajectory into the

vertebra biomodel. Each navigational template fitted its

corresponding vertebral biomodel perfectly, and K wire

was found to be inserted through the drill hole into the C2

lamina, no violation was found by visual inspection.

Nine patients with basilar invagination underwent

occipitocervical fusion surgery. Bilateral cross-laminar

screw fixation was preformed in eight patients, unilateral

laminar screw fixation and other side of pedicle screw

fixation was performed in a patient. Average follow-up

was 9 months (range 4–13 months). Preoperative and

Fig. 1 The design of the virtual

navigational template. a 3D

model of C2 vertebra, b virtual

display of the planned laminar

screw trajectory, c navigational

template fit the vertebral

perfectly, d the virtual 3D

model of navigational template

Fig. 2 The accuracy of the

navigational template was

examined by visual inspection.

a RP model of C2 vertebra,

b RP model of C2 vertebra

and navigational template,

c navigational template fit RP

model of vertebra perfectly,

d insert the K wire by

navigational template; the

accuracy of the navigational

template was examined by

visual inspection
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postoperative functional comparisons were made using the

ASIA grading scale for all cases. The myelopathic symp-

toms improved at least one ASIA grade in seven of the

patients (77.8%) and had not change in two patients

(22.2%). No patient suffered neurological deterioration as a

result of the procedure (Table 1).

During the operation, the best-fit for positioning the

template can easily be found manually, because no sig-

nificantly free motion of the template occurs when it was

pressed slightly against the C2 spinous process. As such,

the navigational template is able to be used as in situ drill

guide. The individual navigational template technique had

the ability both to customize the placement and size of each

screw based on the unique morphology of each patient’s

C2 lamina and also to preoperatively prepare the surgical

plan. To achieve this, an exact preparation of the bone

surface was essential, including thorough removal of the

attached muscle and fat tissue without damage to the bony

surface.

Seventeen C2 laminar screws were inserted using drill

template. No screw inserted complications, such as spinal

cord, nerves, vertebral artery injury appeared in this group.

The mean operative time between the fixation of the tem-

plate to the lamina and placement of the screw was 1–

2 min. No additional computer assistance was needed

during surgery, and fluoroscopy was used only once, after

all the C2 laminar screws had been inserted. The method

thus reduced radiation exposure for the members of the

surgical team.

It takes about 16 h to manufacture the RP model, and

the price of each RP model of the vertebra and navigational

template was about $20. Postoperative CT scans showed

that the individual template has a higher precision. No

laminar screw misplacement occurred using the individual

template (Fig. 3).

Discussion

Traditional methods of intraoperative spinal localization

have an important role in spine surgery. However, these

methods have shortcomings that have led to the use of

computer-assisted instrumentation [9, 12, 13, 25]. Image-

guided techniques provide detailed views of hidden spinal

anatomy that can be used for surgical planning and navi-

gation. The techniques of C2 laminar screw placement

described in the literature rely solely on the anatomical

landmarks to guide screw insertion [14, 16, 26–28]. Two-

dimensional (2-D) fluoroscopy is of limited benefit in C2

laminar screw placement. Nottmeier and Foy [21] pre-

sented a retrospective series of eight patients treated with

posterior C1–2 fusion by laminar screws using 3D-fluo-

roscopy-based image guidance. They concluded that C2

laminar screws can be safely and accurately placed using

3D fluoroscopy-based image guidance. Advantages of this

technology over traditional techniques include real-time

3D computerized feedback to the surgeon during place-

ment, as well as the ability to size the screw to the patient’s

anatomy using intraoperative computerized planning.

However, several caveats should be considered: (1) the

learning curve for these techniques is significant, (2) errors

may occur if adjacent segments of the spine or the regis-

tration frame and optical array shift intraoperatively, (3)

the tracking of optical array devices can be obscured by

surgeons or tools, (4) the technology is expensive, (5) the

techniques can lengthen the time of surgical procedures.

Making patient-specific drill templates with preplanned

trajectories is a promising alternative for C2 laminar screw

placement. A novel navigational template designed for the

use in the placement of C2 laminar screw was introduced in

this study, and the clinical application suggested its good

applicability and high accuracy. Individual templates can

Table 1 Nine patients undergoing posterior occipitocervical fusion with template-guided placement of C2 laminar screws

Cases Sex Ages

(years)

Diagnosis Operative

procedure

Follow-up

(myelopathic symptoms)

Placement accuracy

(postoperative CT)

1 F 42 BI (OA, C2–3) C0–2 Improved No bony breach

2 F 38 BI (OA) C0–2 No change No bony breach

3 M 17 BI (OA, C2–3) C0–2a Improved No bony breach

4 F 29 BI (OA) C0–2 Improved No bony breach

5 M 43 BI (OA) C0–2 Improved No bony breach

6 M 35 BI (C2–3) C0–2 Improved No bony breach

7 F 53 BI (OA, C2–3) C0–2 No change No bony breach

8 F 34 BI (OA, C2–3) C0–2 Improved No bony breach

9 M 27 BI (OA, C2–3) C0–2 Improved No bony breach

BI basilar invagination, C0–2 posterior occipital-C2 fixation, OA occipitalization of the atlas, C2–3 C2–3 vertebral fusion
a Unilateral laminar screw fixation and other side of pedicle screw fixation

1382 Eur Spine J (2009) 18:1379–1385

123



be produced at a reasonable price compared with the cost

of intraoperative navigation systems.

In the past decade, drill templates were initially dem-

onstrated in the hip and knee [23], but several studies have

described their use in the cervical, thoracic, and lumbar

spine [1, 6, 17]. Some authors have designed different

individual templates for spinal pedicle screw placement.

Berry et al. [1] used a three V-shaped knife design to

support the drill template. An advantage of using this

design is that excessive soft-tissue dissection from the

vertebra is not necessary. Goffin et al. [6] designed a

template that featured a number of clamps to interface with

the posterior course of the cervical vertebra. More recently,

Owen et al. [22] constructed a drill template that was

designed to match the posterior surface of the cervical

vertebra around the entry point. With its greater contact

with the surface area of the vertebra, this template was

supposed to provide greater stability.

A preoperative CT scan is obtained to generate the

individual templates and for a precise spatial correspon-

dence between the individual bone structure in situ and the

intended position of the tool guides. Obviously, the ability

to customize the placement of each screw-based on the

unique morphology of the C2 vertebra is an appealing

concept. Nevertheless, the procedure of generating a

medical model can be broken down into the following three

major steps: the CT scan for data acquisition, the image

segmentation combined with data processing and the

building of the model itself. The availability of high-res-

olution CT scanner and advanced technologies used in the

present study provide possibility for high geometric accu-

racy of the drill template. The Mimics software which is

used to segment the CT scan images and perform data

processing can provide fast, easy, and powerful 3D image

processing and editing. Besides, new rapid prototyping

technologies, which build up the object in thin layers, have

recently been used instead of milling.

The advantage of the individual template is first, the

surgeon can choose the placement and the size of each

screw based on the unique morphology of the C2 vertebrae

prior to surgery. The results have demonstrated that the

lamina may differ individually, hence, preoperative CT

evaluation is mandatory for precise planning of the surgical

procedure, the diameter of the screw should be appropriate

Fig. 3 The navigational

template applied in the

operation of a 42-year-old

women with basilar

invagination, occipitalization of

the atlas and C2–3 vertebral

fusion. a, b Preoperative CT and

T1 sagittal MRI displaying

ventral brainstem compression,

c preoperative CT shows the

pedicle of C2 is narrow and

cannot accommodate the

3.5-mm pedicle screw,

d navigational template fit the

spinous process and lamina of

C2 perfectly, e the high-speed

drill is used along the

navigational channel to drill

the trajectory of laminar screw,

f insert the cervical pedicle

screw by navigational template,

g, h, i postoperative CT

showing accurate placement of

C2 laminar screws
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for the individual lamina. Second advantage of the indi-

vidual template is its uncomplicated applicability and

requires no surgeon-derived registration step. The preop-

eratively prepared drill template was used intraoperatively

to assist with surgical navigation and the placement of

instrumentation. Third, in contrast to the image-guided

technique, individual template technique eliminates the

need for complex equipment and time-consuming proce-

dures in the operating room, the techniques reduce the time

of surgical procedures. Fourth, the good accuracy has been

demonstrated in this study. In addition, the accuracy of the

individual template can be examined preoperatively by

drilling screw into the biomodel through the cylinder hole.

The greatest role of this technology is, perhaps, spinal

deformity surgery where radiographic landmarks can be

distorted and obscured. Lastly, individual template tech-

nique eliminates the need for fluoroscopy, and significantly

reduces radiation exposure to the members of the surgical

team as a result.

The technique also has potential sources of error.

Because the 3D model of each vertebra is constructed

manually or automatically, there is a potential for error in

the procedure. Furthermore, the RP model could deviate

from the computer 3D model, but existing RP technology

can control deviation to 0.1 mm. Finally, geometric accu-

racy alone does not ensure accurate screw placement. In

the clinical setting, a template should be able to be used as

an in situ drill guide, and any movement between the bones

will affect the accuracy.

Because any minor variation in the shape of the vertebra

would introduce inaccuracy through poor fit, there could be

trouble with soft-tissue on the bone. Thus, it is very

important that the surgeon take great care in stripping the

soft-tissue off the surface of the bone. Bone preparation

must be done more cleanly than in conventional surgeries,

and the soft-tissue preparation will take more time.

Because more contact with the bone surface enhances

the stability of the template, we make the template can

contact with the both spinous process and lamina of C2. If

attention is paid to these limitations, accurate matching

of the template can be achieved, allowing accurate drill

trajectories.

Our template design is unique in that it is created based

on the posterior surface of the C2 spinal process and

therefore can match this surface perfectly. Considering

that, the C0–2 complex is highly mobile, so the drill tem-

plate was designed single level fit. In a clinical situation,

however, soft tissues around the spine are a big concern.

Fortunately, after preparation of the bone, which involves

thorough removal of the attached muscle and fat tissue

without damaging the bony surface structure, all our tem-

plates can be easily and securely held in place by the

surgeons’ free hands.

Conclusion

In summary, this study shows a patient-specific template

technique that is easy to use, can simplify the surgical act

and generates highly accurate C2 laminar screw place-

ment. Advantages of this technology over traditional

techniques include planning of the screw trajectory is

done completely in the presurgical period as well as the

ability to size the screw to the patient’s anatomy. It gives

the surgeon an alternative to the placement of C2 laminar

screw.
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