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Abstract

Purpose The purpose of this study was to describe a free-

hand pedicle screw insertion technique and to evaluate the

accuracy of pedicle screw placement and validity of ped-

icle screw fixation in patients with subaxial cervical spine

injuries.

Methods We retrospectively reviewed 32 consecutive

patients with subaxial cervical spine injuries who under-

went posterior cervical fixation using our cervical pedicle

screw (CPS) insertion technique. We also assessed the

clinical and radiological outcomes and the accuracy of

pedicle screw placement.

Results The mean preoperative kyphosis was 4.0�, which

was corrected to -5.2� after the operation, and the mean

kyphosis angle was -4.4� at the final follow-up. The mean

preoperative disc height ratio was 81.9%, and it improved

to 105.4% after the operation, which was maintained until

the final follow-up measurement of 103.4%. Bony union

was achieved, and there were no instrumentation failures in

any patient. Overall, 127 pedicle screws were inserted, of

which 112 (88.1%) were classified as grade 1 (exact in-

trapedicular screw positioning), 10 (7.8%) as grade 2

(perforation\50% of the screw diameter), and 5 (3.9%) as

grade 3 (perforation more than 50% of the screw diameter).

Conclusion In our technique, a gutter is created using a

high-speed burr at the transitional area between the lateral

mass and lamina similar to the procedure in double-door

laminoplasty to identify an entry point for CPS insertion. It

is easy for general spine surgeons to identify a CPS

insertion entry point using our technique.

Keywords Accuracy � Cervical spine � Entry point �
Pedicle screw

Introduction

The use of the pedicle screw system has become increas-

ingly popular for treating an unstable cervical spine

resulting from traumatic, degenerative, inflammatory, and

neoplastic conditions. Because a cervical pedicle screw

(CPS) has superior biomechanical stability as the lateral

mass screw or transarticular screw [1, 2], pedicle screws

allow for shorter instrumentation with improved spinal

alignment. However, CPS insertion is technically

demanding because of the anatomical variations in cervical

pedicle size, lack of anatomical landmarks, small pedicle

diameter, and the large transverse angle of cervical pedi-

cles [3–5]. The potential risk of injury to neurovascular

structures, such as the vertebral artery, spinal cord, or nerve

roots, caused by CPS remains a great concern. Therefore,

accurate and safe CPS insertion techniques are necessary.

Although a number of studies have evaluated the mor-

phometry of cervical pedicles to support accurate place-

ment of pedicle screws [3, 5], the results are inconclusive.

Therefore, several techniques and computer-assisted navi-

gation systems for CPS insertion have been advocated.

Determining an appropriate entry point for screw insertion

as well as a proper trajectory angle of the screw on the

axial plane is important for successful pedicle screw

placement. Here, we present our method of a simple free-

hand pedicle screw insertion technique and evaluate the
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accuracy of pedicle screw placement and validity of ped-

icle screw fixation in patients with subaxial cervical spine

injuries treated using our method.

Materials and methods

Patient population

We retrospectively reviewed 32 consecutive patients with

subaxial cervical spine injuries who underwent posterior

cervical fixation using our CPS insertion technique at

Imakiire General Hospital. Screw diameter was 3.5 mm.

There were 28 male and 4 female patients with an average

age of 66 years (range 18–89 years). Seventeen patients

had fallen from heights, 11 patients were involved in traffic

accidents, and 4 patients were involved in other accidents.

The mean follow-up period was 27.6 months (range

12–47 months). Application of Allen’s classification [6] to

the injuries in these patients revealed that, 22 patients had

distractive flexion (DF) injuries, 3 had compressive flexion

(CF) injuries, 4 had compressive extension (CE) injuries,

and 3 had distractive extension (DE) injuries. Neurological

deficits were classified according to Frankel grading.

Application of Frankel grading revealed that 9 patients had

grade A deficit, 2 had grade B deficit, 12 had grade C

deficit, 4 had grade D deficit, and 5 had grade E deficit. The

injury site was C2/3 in 1 patient, C3/4 in 5 patients, C4/5 in

9 patients, C5/6 in 4 patients, and C6/7 in 13 patients.

Surgical procedure

Patients were placed in the prone position with the head

fixed using a Mayfield clamp. A standard midline incision

was made and paravertebral muscles were dissected and

retracted laterally to expose injured facets joints. A gutter

was created to identify the pedicle entrance using a high-

speed burr at the transitional area between the lateral mass

and lamina; this procedure is also used in double-door

laminoplasty. The pedicle screw insertion point is indicated

by a cancellous bone at the pedicle entrance, which is

commonly observed to be reddish because of a bloody

cancellous bone. After direct observation of the screw

insertion point, the articular mass lateral to the pedicle

entrance was scraped off using a high-speed burr for

insertion of the pedicle screw at the appropriate angle

(Fig. 1). On the basis of the measurements obtained from a

preoperative computed tomography (CT) scan, we deter-

mined the aimed gutter depth in the transitional area

between the lateral mass and lamina and the transverse

angle of the pedicle probe and screw (Fig. 2). The direction

in the sagittal plane of the pedicle probe and screw was

intraoperatively determined using lateral fluoroscopic

imaging. Because a distinct characteristic of the human

cervical pedicle is that the medial wall of the pedicle is

significantly thicker than the lateral wall [3, 5, 7], the

medial pedicle cortex was used as a guide into the vertebral

body. Through separate stab incisions, 3.5-mm diameter

pedicle screws were inserted after tapping (Figs. 3, 4).

Laminoplasty or laminectomy was conducted for posterior

decompression. Local bone harvested from the decom-

pression site was grafted in the lateral mass bone defect.

After plate application, connections between screws and

plates were tightened.

Clinical and radiological outcomes

We investigated the clinical records and radiographs of all

patients. Clinical assessment included neurological status,

operation time, blood loss, and complications. Follow-up

radiographs were assessed for the degree of kyphosis, disc

height ratio, bony fusion, and instrumentation failure, such

as breakage, dislodgement, and loosening. Kyphosis degree

is defined as the angle between the posterior margins of

vertebral bodies of the injured segment according to a

lateral radiograph. Disc height ratio is defined as the per-

centage of vertical height of the injured disc at the inter-

vertebral overlap midpoint divided by the vertical height of

the normal disc above the injury [8]. Fusion was defined as

stability observed on dynamic radiographs obtained at final

Fig. 1 Until the cancellous

bone of the pedicle entrance

(arrow) becomes directly

visible, creation of a gutter at

the transitional area between the

lateral mass and the lamina must

precede identification of a

screw-insertion point (a). The

articular mass lateral to the

pedicle entrance was scraped off

to conduct probing, tapping, and

insertion of the pedicle screw at

an appropriate angle (b)
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follow-up. The paired Student’s t test was used to detect

the difference in kyphosis degree and disc height ratio

between the postoperative group and the final follow-up

group, with P \ 0.05 considered to be statistically

significant.

Postoperative assessment of pedicle screw placement

Medial and lateral screw deviation was evaluated using an

axial CT scan. Superior and inferior screw deviation was

examined using oblique radiographs. CPS position was

classified into three grades: grade 1, correct screw place-

ment without pedicle perforation; grade 2, partial

perforation, defined as deviation of the screws from the

pedicles by \50% of the screw diameter; and grade 3,

complete perforation, defined as deviation of the screws

from the pedicles by more than 50% of the screw diameter.

We considered grade 3 to indicate a potential injury risk to

Fig. 4 Pedicle screws were inserted after probing and tapping over

separate stab incisions

Fig. 2 Using a preoperative axial computed tomography scan to

determine the target gutter depth (a) and pedicle transverse angle

(b) is mandatory

Fig. 3 Probing (a), tapping (b),

and screwing (c)
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neurovascular structures. In addition, the diameter (med-

ial–lateral outer cortical width of the pedicle) of each

pedicle was measured to assess the relationship between

CPS placement classification and pedicle diameter size.

The diameters of non-perforated pedicles (grade 1) and

perforated pedicles (grade 2 and grade 3) were compared

using the Student t test, with P \ 0.05 considered to be

statistically significant.

Results

Clinical assessments

The mean operation time was 173.4 min (range

80–230 min) and mean blood loss was 322.6 g (range

50–1080 g). None of the patients showed neurological

deterioration after the operation. Thirteen (48.1%) of 27

patients with initial neurological deficits improved by at

least one Frankel grade: nine improved by one grade and

four improved by two grades. There were no serious

complications such as surgical site infection.

Radiographic results

The mean preoperative kyphosis was 4.0� (range -14� to

21�), which was postoperatively corrected to -5.2� (range

-14� to 15�). At the final follow-up, the mean kyphosis

angle was -4.4� (range -14� to 15�). There was no sig-

nificant difference between postoperative kyphosis angle

and the final follow-up kyphosis angle (P = 0.0705). Loss

of correction ([10�) was not observed in any patient. The

mean preoperative disc height ratio was 81.9% (range

15.1–133.3%), which postoperatively improved to 105.4%

(range 61.5–136.8%); this value was maintained until final

follow-up (103.4%; range 62.8–145.0%). There was no

significant difference between the postoperative disc height

ratio and final follow-up disc height ratio (P = 0.3909).

Bony union was achieved and there were no instrumenta-

tion failures in any patients at final follow-up.

Accuracy of pedicle screw placement

Overall, 127 pedicle screws were inserted, of which 112

(88.1%) were classified as grade 1 (exact intrapedicular

screw positioning), 10 (7.8%) as grade 2 (partial perfora-

tion), and 5 (3.9%) as grade 3 (complete perforation).

There were no complications directly attributable to pedi-

cle screw insertion, such as arterial bleeding from vertebral

artery and injuries to the spinal cord or nerve roots. In 15

screws classified as grade 2 or 3, 4 perforated the pedicle

medial wall and 11 perforated the lateral wall. Superior and

inferior screw malpositioning was not observed in any

case. Perforation occurred at C3 in two cases, C4 in five

cases, C5 in one case, C6 in six cases, and C7 in one case.

Mean pedicle diameter was 4.8 ± 0.8 mm and

5.7 ± 0.8 mm in perforated pedicles (grades 2 and 3) and

non-perforated pedicles (grade 1), respectively. A signifi-

cant difference was observed between the two groups

(P = 0.0004).

Discussion

Although broad guidelines for CPS entry point localization

on the lateral mass have been advocated in several clinical

reports [7, 9–11], reports of unsuccessful screw placement

account for up to 87.5% of the anatomical studies [12].

Recently, an anatomical study of subaxial cervical pedicles

and lateral masses using CT scans of adult volunteers

provided entry points and trajectories for subaxial CPSs

[13]. Zheng et al. [14] reported a high success rate using

subaxial CPS placement, with an overall accuracy of

83.3%, including a non-critical breach of 13.3% and a

critical breach of 3.3%. This success can be achieved using

the recently proposed guidelines and the oblique views

obtained through fluoroscopy. However, the pedicle

entrance location is unique to each level, and even at the

same level, large variations are observed within the same

individual [4, 11]; thus, landmarks to the cervical pedicle

entrance alone are insufficient for achieving accurate CPS

placement.

Several insertion techniques using direct pedicle expo-

sure have been advocated in clinical or cadaver studies [9,

12, 15, 16]. Abumi et al. [9] described a technique in which

the cortex at the insertion point is penetrated using a high-

speed burr, resulting in direct observation of the pedicle

introitus. They also reported a pedicle-perforation rate of

6.7% in another clinical report [17]. In their cadaver study,

Karaikovic et al. [15] used the funnel technique, in which

the entrance into the pedicle and vertebral body was

identified by removing the outer cortex. They used the

medial cervical pedicle cortex as a guide into the vertebral

body through the pedicle isthmus. This study reported a

screw perforation rate of 16.8%, including non-critical

perforations of 9.7% and critical perforations of 7.1%,

using the funnel technique. Miller et al. [16] used partial

laminectomy and a tapping technique in their cadaver

study, in which the entrance point for screw insertion and

angulations for screw placement were guided by direct

determination of the superior, medial, and inferior borders

of the pedicle through the laminar window opening. Lud-

wig et al. [12] inserted a CPS after a laminoforaminotomy,

which provides supplemental visual and tactile cues

regarding orientation of the medial, superior, and inferior

pedicle walls, in their cadaver study.
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There have been several reports of successful CPS-

insertion techniques using computer-assisted navigation

systems [12, 18–20]. Several authors have reported that

computer-assisted navigation systems have lower pedicle

screw perforation than free-hand techniques [18, 20, 21].

Kotani et al. [18] reported that the screw misplacement rate

was significantly lower in a computer-assisted group

(1.2%) than in a free-hand group (6.7%). Richter et al. [20]

reported that the rate of pedicle perforations was 3.0% in

the computer-assisted group and 8.6% in the conventional

free-hand group when using cannulated screws and sepa-

rate stab incisions. Increasing use of three-dimensional

fluoroscopy-based computer-assisted navigation systems

has recently been reported [21, 22]. Three-dimensional

fluoroscopy is superior to conventional CT-based image

guidance because anatomical registration is not required

and real-time updates of the spine position can be obtained

intraoperatively. Ito et al. [22] reported that the rate of

pedicle perforations was 2.8% in the absence of clinically

significant perforation when a three-dimensional fluoros-

copy-based navigation system was used. Ishikawa et al.

[21] reported that the prevalence of pedicle perforation was

18.7% in a three-dimensional fluoroscopy-based navigation

group and 27% in a conventional free-hand group.

Although computer-assisted navigation systems can

improve the accuracy of CPS insertion, there are also some

disadvantages, such as the requirement of cumbersome

formalities and very expensive system costs. Moreover,

surgeons should possess excellent surgical skills and

experience and should not rely only on the computer-

assisted navigation systems.

Several pedicle screw insertion techniques that do not

require navigation systems have been reported with suc-

cessful clinical results. In a clinical study, Yukawa et al.

[23] reported that a fluoroscopic imaging technique using

the pedicle axis view used for determining the CPS entry

point improved the accuracy and safety of CPS placement.

They reported successful results, with 13% screw malpo-

sitions, including 9.2% screw exposure and 3.9% pedicle

perforation. Miyamoto et al. [24] described a CT cutout

technique, showing promise as a safe pedicle insertion

method, for the cervical spine with a critical breach rate of

3.8%. Our technique presented here shows a pedicle-per-

foration rate of 11.8%, including partial perforation of

7.8% and complete perforation of 3.9%, which is compa-

rable to the perforation rates obtained by insertion tech-

niques that do not involve navigation systems.

Accurate determination of an entry point for CPS

insertion is the first step in proper pedicle screw placement.

In our technique, a gutter is created using a high-speed burr

at the transitional area between the lateral mass and lamina,

similar to the procedure of double-door laminoplasty, to

identify the CPS insertion entry point. Finding the entry

point using this technique is not difficult for general spine

surgeons because of their familiarity with laminoplasty. In

addition, because the entry point for CPS insertion is the

pedicle entrance, the permitted range of the screw insertion

angle is larger in our technique than in other methods.

While preoperative planning is indispensable for any

technique, special preoperative preparation or an intraop-

erative environment is not required for this procedure.

Because our technique requires removal of the bone in the

lateral mass, similar to the Abumi [9] and funnel [15]

techniques, the expected outcome includes a significant

reduction of screw fixation strength. However, Kowalski

et al. [25] reported no significant difference in the biome-

chanical pullout strength of CPS when the lateral mass

cancellous bone is removed. In addition, this study showed

no significant difference between the postoperative ky-

phosis angle and the final follow-up kyphosis angle as well

as good maintenance of the postoperative disc height ratio.

In conclusion, this study shows that good screw position

placement and strong screw fixation stability can be

achieved using our technique. For general spine surgeons

familiar with laminoplasty, it is not difficult to identify the

CPS insertion entry point using our technique. However,

less-experienced spine surgeons should perform CPS

insertion with the assistance of experienced surgeons.
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