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Abstract

Purpose The cortical bone trajectory (CBT) is a novel

lumbar pedicle screw trajectory. The aim of this study was

to conduct a detailed morphometric measurement of the

lumbosacral spine for CBT pedicle screw, using the infe-

rior facet of the cephalad level as a bony landmark.

Methods The three-dimensional computed tomography

(3D-CT) scans of 86 adults who underwent examination of

the lumbosacral spine were studied. The distances from the

starting point to the inferior, lateral and medial border of

the inferior facet of the cephalad level were measured. The

angles formed between the screw trajectory and the sagittal

plane, the superior endplate of the vertebral body and the

posterior margin of the pars interarticularis were defined as

the transverse angle (TA), cephalad angle 1 (CA1) and

cephalad angle 2 (CA2), respectively.

Results The distances from the inferior border of inferior

facet to the starting point from L1 to S1 were 8.9, 6.3, 4.1,

2.9, 1.4 and 0 mm, respectively. The distances from the

medial border of the inferior facet to the starting point from

L1 to S1 were between 3 and 4 mm. TA from L1 to S1 was

9.0�, 9.6�, 11.3�, 13.5�, 15.5�, and 8.2�, respectively. CA1/
CA2 from L1 to S1 was 26.7�/38.7�, 26.0�/38.7�, 26.9�/

38.0�, 24.4�/37.2�, 22.9�/35.1� and 18.4�/47.8�, respec-

tively. The maximum screw diameters from L1 to S1 were

4.8, 5.1, 6.1, 6.8, 7.8, and 6.1 mm, respectively. Twenty-

five millimeter can serve as a safe maximum length of CBT

pedicle screws.

Conclusions The inferior facet of the cephalad level is an

attractive bony landmark for establishing a starting point of

CBT for minimally invasive spine surgery.

Keywords Cortical bone trajectory � Pedicle �
Lumbosacral spine � Facet

Introduction

The use of pedicle screws to achieve solid fixation has

become increasingly common in instrumented lumbar spine

fusion. The traditional method of pedicle screw insertion

involves a transpedicular approach, which relies on screw

engagement with cancellous bone in the pedicle and ver-

tebral body. This method of pedicle screw fixation can

become problematic especially in osteoporotic and elderly

patients who are at a high risk for complications such as

instrumentation failure [1, 2]. Various modifications to

pedicle screw design and insertion techniques have been

designed to address issues related to fixation strength [3–6].

In 2009, Santoni et al. introduced a novel method of

pedicle screw insertion termed cortical bone trajectory

(CBT) [7]. This new trajectory follows a caudocephalad

path sagittally and a laterally directed path in the transverse

plane, which increases cortical bone contact in the pedicle

and vertebral body, compared to the traditional method.

Biomechanical studies have demonstrated that the CBT

technique achieves screw purchase and strength equivalent

to or greater than the traditional method [7, 8].
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There is a dearth of literature on CBT screw insertion

techniques. Specifically, there is a limited amount of

information on bony landmarks to establish a starting point

for pedicle screw insertion or information on screw size

and trajectory. The goal of this study was to conduct a

detailed computed tomography (CT) scan-based assess-

ment of cortical bone trajectory pedicle screw starting

point, trajectory and screw diameter of lumbosacral spine

segments.

Materials and methods

Between January 2014 and May 2014, all consecutive

patients who had a CT scan of the chest, abdomen, pelvis

and spine as part of an institutional protocol after a high-

energy traumatic event were included in the study. Patients

were excluded if they had a spine fracture, history of spine

surgery, infection, tumor, deformity, or obvious hyperos-

tosis of facet joint. 86 adults met the inclusion criteria. CT

images were analyzed using three-dimensional recon-

struction software (Centricity Enterprise Web Version 3.0;

GE Healthcare, Barrington, Illinois). An institutional

review board approval was obtained for this study.

The junction of the inferior and medial border of the

isthmic portion (smallest section) of the lumbar pedicle in

the coronal plane was traced (Fig. 1) in the lumbar seg-

ments while the junction of the medial border of the sacral

1 (S1) pedicle and the inferior border of the L5 inferior

facet was traced in the S1 segment. The starting point was

defined to be the projective point on the vertebrae by this

junction. The starting point is identified in Fig. 2 as SP.

The distances from the starting point to the inferior, lateral

and medial border of the inferior facet of the cephalad level

were defined as DIAP, DLAP and DMAP, respectively

(Fig. 2). The position of the starting point relative to

inferior articular process at each level was calculated as a

percentage using the formula: DMAP percent-

age = DMAP/(DMAP ? DLAP) 9 100 %. Measure-

ments were also made for the distance from the starting

point to the inferior border of the transverse process at all

levels except S1 (DITP, Fig. 2).

The trajectory of pedicle screws for the lumbar and S1

segments was determined in the axial and sagittal planes

(Fig. 3). A line was drawn from starting point, aimed to the

midpoint of the pedicle and abutting the lateral cortex of

the vertebral body on the axial CT scan (white thick line,

Fig. 3). The angle formed between this trajectory and the

sagittal plane was defined as the transverse angle (TA)

(Fig. 3). On the sagittal CT scan, a line was drawn from the

starting point aimed to the midpoint of the pedicle and

abutting the cortex of the superior endplate of the vertebral

body. The angle formed between this trajectory and the

superior endplate of the vertebral body was defined as the

cephalad angle 1 (CA1, Fig. 3). Cephalad angle 2 (CA2,

Fig. 3) was defined as the angle formed between the same

trajectory on the sagittal plane and the posterior margin of

the pars interarticularis. The maximum pedicle screw

Fig. 1 The isthmic portion of the lumbar pedicle from L1 to L5. The junctions of the inferior and medial border (white line) of the lumbar

pedicle were traced on each plane
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Fig. 2 Measurement of the location of the starting point. SP indicates

the starting point (white circle), DITP the distance from the starting

point to the inferior border of the transverse process, DIAP the

distances from the starting point to inferior border of the inferior

articular process at the upper level (black double-headed arrows),

DMAP the distances from the starting point to the medial border of

the inferior articular process at the upper level (black double-headed

arrows), DLAP the distances from the starting point to the lateral

border of the inferior articular process at the upper level (black

double-headed arrows)

Fig. 3 Measurement of the diameter, length, and directions of the

CBT. Upper views the lumbar segments, and lower views the S-1

level. SD the maximum sagittal diameter (black double-headed

arrows), TD the maximum transverse diameter (black double-headed

arrows), SL the maximum sagittal length (white thick line), TL the

maximum transverse length (white thick line), TA transverse angle

was formed between the trajectory and the sagittal plane, CA1

cephalad angle 1 was formed between the trajectory and the superior

endplate of the vertebral body in the sagittal plane, CA2 cephalad

angle 2 was formed between the trajectory and the posterior margin of

the vertebral plate in the sagittal plane
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diameter and length of the lumbosacral segments were also

measured on axial and sagittal CT scans (SD, TD, SL, TL,

Fig. 3).

Results are presented as mean ± standard deviation

(SD). One-way analysis of variance and the Tukey analysis

were performed for statistical comparison, and significance

was defined as p\ 0.05. All statistical analyses were

performed with SPSS (version 19, SPSS Statistics for

Windows, Armonk, New York).

Results

Demographic data

Eighty-six adults, 48 males and 38 females, with a mean

age of 59 years old (range 20–91) were evaluated

(Table 1).

Starting point

The distances from the starting point to the inferior, lateral

and medial border of the inferior articular process of the

cephalad level are presented in Table 2. There was a sta-

tistically significant gradual decrease in the DIAP caudally

from L1 to L5 in all pairs (p\ 0.05). There was a statisti-

cally significant gradual increase in the DLAP caudally

from L1 to S1. This difference was statistically significant

in all pairs except L1 versus L2 (p = 0.56). The DMAP

from L1 to S1 was between approximately 3–4 mm (the

maximum was 4.1 ± 1.5 mm in L5, and the minimum was

3.2 ± 1.3 mm in S1). The DMAP percentages from L1 to

S1 were 80.5 ± 36.5, 70.1 ± 31.2, 61.6 ± 22.7,

48.6 ± 17.9, 40.8 ± 16.0 and 29.3 ± 14.6 %, respectively.

There was a tendency for a gradual decrease in DMAP

percentages caudally from L1 to S1, which was statistically

significant in all pairs except L1 versus L2, L2 versus L3

and L4 versus L5. When comparing patients of different age

groups (\60 and C60 years of age), there were statistically

significant differences in the DIAP from L2 to L5

(p\ 0.05). However, no statistically significant differences

were found in the DLAP, DMAP or the DMAP percentages

between the age groups. The distances from the starting

point to the inferior border of the transverse process from

L1 to L5 were 1.1 ± 1.0, 1.4 ± 1.1, 1.7 ± 1.5, 1.4 ± 1.4,

and 1.3 ± 1.4 mm, respectively. There was no statistically

significant difference between all pairs except L1 versus L3

(p = 0.01).

Screw trajectory

From the starting point, the trajectory of the TA, CA1 and

CA2 from L1 to S1 are presented in Table 3. The CA1 of

lumbar segments was higher than those observed in S1

(lumbar segments; 22�–26�, S1; 18�, p\ 0.05). Con-

versely, the CA2 of lumbar segments was lower than those

observed in the S1 (lumbar segments; 35�–38�, S1; 47�,
p\ 0.05). The TA of lumbar segments was between 9� and
15�. There was a tendency for a gradual increase in the TA

caudally from L1 to L5.

Screw diameter and length

The maximum screw diameter and length in the sagittal

and transverse plane from L1 to S1 are presented in

Table 3. There was no significant difference between all

pairs in the maximum screw length in axial plane. How-

ever, the maximum screw length in the sagittal plane was

longer in S1 compared to all lumbar segments (p\ 0.05).

The maximum screw diameter in the axial plane was much

smaller than in the sagittal plane in each segment from L1

to S1, except for L5. The maximum screw diameter in the

axial plane from L1 to S1 was 4.8, 5.1, 6.1, 6.8, 8.0, and

6.1 mm, respectively. There was a tendency for maximum

screw diameter in the axial plane to gradually increase

caudally from L1 to L5.

Discussion

CBT is a relatively new pedicle screw fixation technique. It

was designed as a means of enhancing fixation strength at

the pedicle screw–bone interface. The starting point is on

the lateral aspect of the pars interarticularis and its trajec-

tory follows a caudocephalad path sagittally and a laterally

directed path in the transverse plane. This trajectory max-

imizes screw contact with dense cortical bone in the

pedicle and vertebral body. Biomechanical studies have

demonstrated that CBT screws have a 30 % increase in

Table 1 Patient demographics
N = 86 (%)

Age group

20–29 7 (8.1)

30–39 6 (7)

40–49 11 (12.8)

50–59 15 (17.4)

60–69 15 (17.4)

70–79 26 (30.2)

80–89 5 (5.8)

90–99 1 (1.2)

Gender

Male 48 (55.8)

Female 38 (44.2)
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uniaxial yield pullout load relative to traditional pedicle

screw trajectory [7]. Insertional torque, which has been

correlated with screw stability, is noted to be 1.7 times

higher in CBT compared to the traditional technique in

in vivo analysis [9]. As a result, CBT pedicle screw tech-

nique is a valuable tool to maximize fixation strength in

elderly or osteoporotic patients.

In this study, we conducted a detailed CT scan-based

assessment of lumbosacral CBT pedicle screw starting

point, trajectory, length and diameter. The inferior facet

was used as a bony landmark for establishing a starting

point on the pars interarticularis. This relatively medial

starting point, compared to the traditional pedicle screw

technique, obviates the need for tissue dissection and

muscle disruption, which produces less tissue trauma and

may decrease recovery time. In the sagittal plate, there was

a tendency for the distance from the starting point to the

inferior border of the inferior facet to decrease with

cephalad to caudal progression (8.9 mm in L1 compared to

0 mm in S1). In the transverse plane, the distances from the

starting point to the medial border of the inferior facet for

all segments were between 3 and 4 mm. The value of

Table 2 Distance

measurements of the starting

point relative to the inferior

articular process

Segment Age (year) Number DIAP (mm) DLAP (mm) DMAP (mm) DMAP percentage (%)

L1 Total 86 8.9 ± 2.6 1.2 ± 1.5 3.4 ± 0.9 80.5 ± 36.5

\60 39 9.4 ± 2.3 1.1 ± 1.7 3.3 ± 1.1 81.7 ± 38.9

C60 47 8.5 ± 2.7 1.2 ± 1.4 3.4 ± 0.8 79.5 ± 34.7

L2 Total 86 6.3 ± 2.3 1.7 ± 1.6 3.3 ± 1.0 70.1 ± 31.2

\60 39 7.1 ± 2.0 1.3 ± 1.7 3.1 ± 1.1 76.4 ± 36.0

C60 47 5.6 ± 2.2* 2.1 ± 1.4* 3.4 ± 1.0 64.8 ± 25.8

L3 Total 86 4.1 ± 2.4 2.7 ± 1.9 3.8 ± 1.1 61.6 ± 22.7

\60 39 5.3 ± 2.0 2.5 ± 1.9 3.8 ± 1.1 63.8 ± 24.8

C60 47 3.1 ± 2.2* 2.8 ± 2.0 3.7 ± 1.2 59.8 ± 20.9

L4 Total 86 2.9 ± 2.7 4.4 ± 2.1 3.9 ± 1.3 48.6 ± 17.9

\60 39 4.3 ± 2.2 4.4 ± 2.4 3.8 ± 1.2 48.5 ± 18.7

C60 47 1.8 ± 2.5* 4.3 ± 1.8 4.0 ± 1.4 48.7 ± 17.4

L5 Total 86 1.4 ± 2.6 6.3 ± 2.5 4.1 ± 1.5 40.8 ± 16.0

\60 39 2.5 ± 2.1 6.4 ± 2.5 3.8 ± 1.2 38.9 ± 14.5

C60 47 0.4 ± 2.6* 6.2 ± 2.5 4.3 ± 1.7 42.3 ± 17.2

S1 Total 86 0 8.4 ± 3.0 3.2 ± 1.3 29.3 ± 14.6

\60 39 0 8.0 ± 2.4 3.0 ± 1.2 28.1 ± 12.9

C60 47 0 8.7 ± 3.4 3.3 ± 1.4 30.3 ± 15.9

DIAP represents the distances from the starting point to inferior border of the inferior articular process at

the upper level, DMAP the distances from the starting point to the medial border of the inferior articular

process at the upper level, DLAP the distances from the starting point to the lateral border of the inferior

articular process at the upper level, DMAP percentage the position of the starting point relative to the

inferior articular process at each level was calculated as a percentage using the following formula: DMAP/

(DMAP ? DLAP) 9 100 %

* p\ 0.05 (\60 year group compared with C60 y group)

Table 3 The maximum

diameter, length, and angles of

screw

Level Diameter (mm) Length (mm) Angles (�)

SD TD SL TL CA1 CA2 TA

L1 10.4 ± 1.3 4.8 ± 1.1 27.9 ± 3.6 28.1 ± 3.8 26.7 ± 5.1 38.7 ± 8.0 9.0 ± 4.0

L2 9.9 ± 1.3 5.1 ± 1.3 28.1 ± 3.3 28.4 ± 3.5 26.0 ± 4.1 38.7 ± 7.8 9.6 ± 4.1

L3 9.3 ± 1.3 6.1 ± 1.3 28.9 ± 3.4 28.5 ± 3.1 26.9 ± 5.3 38.0 ± 7.3 11.3 ± 4.3

L4 8.5 ± 1.4 6.8 ± 1.4 29.0 ± 3.5 28.5 ± 3.4 24.4 ± 4.7 37.2 ± 7.3 13.5 ± 4.8

L5 7.8 ± 1.2 8.0 ± 1.4 28.4 ± 3.2 29.6 ± 3.9 22.9 ± 5.7 35.1 ± 7.2 15.5 ± 5.5

S1 9.9 ± 2.5 6.1 ± 1.5 31.3 ± 4.5 29.3 ± 4.2 18.4 ± 4.4 47.8 ± 9.0 8.2 ± 5.3

SD the maximum sagittal diameter, TD the maximum transverse diameter, SL the maximum sagittal length,

TL the maximum transverse length, CA cephalad angle, TA transverse angle
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3–4 mm could be used as an important reference during

surgery. When comparing patients of different age groups

(\60 and C60 years of age), statistically significant dif-

ferences were noted in the DIAP from L2 to L5. However,

no statistically significant differences were found in the

DLAP, DMAP or the DMAP percentages between the age

groups. These findings are likely due to the decrease in the

height of degenerated discs in the older age group, rather

than to the degree of facet hyperostosis. In the lumbar

segments, there was a tendency for the lateral-directed

trajectory angles to increase with cephalad to caudal pro-

gression. However, the cephalad-directed trajectory angle

ranges were relatively similar for all lumbar segments,

which were 22�–26� and 35�–38� for CA1 and CA2,

respectively. CA1 and CA2 are both viable options to use

as a screw trajectory guide with the caveat that CA1

requires fluoroscopic imaging to visualize the superior

endplate of the vertebral body. Since the starting point is on

the lamina, CA2 may be more convenient to use than CA1

during surgery. Our measurements also demonstrated that

the screw diameter seem to depend on the pedicle width,

which was smaller than the pedicle height at all levels

except at L5. The morphology of the pedicle, such as

shape, width and height, has been shown to differ

throughout the lumbosacral spine [10–12]. Alfonso et al.

reported that the L5 vertebral body shape is hemispherical

in the upper part of the pedicle and triangular in the lower

part of the pedicle, which likely explains our finding [13].

Last, based on our measurements, 25 mm can serve as a

safe value for the maximum length of pedicle screws from

L1 to S1.

Recently, Matsukawa et al. published a morphometric

measurement of CBT for the lumbar pedicle screw inser-

tion [14]. In that study, the intersection of the junction of

the center of the superior facet and 1 mm inferior to the

inferior border of the transverse process was used as bony

landmarks to establish a starting point. Adequate visual-

ization of the transverse process requires soft tissue dis-

section that may contribute to access-related muscle

trauma, which may affect recovery time. In addition, using

the inferior facet instead of the superior facet serves as a

better bony landmark for establishing a starting point

because the inferior facet is in the vicinity of the screw

insertion point and may minimize the risk of inadvertent

facet capsule disruption. Despite the differences in bony

landmarks for establishing a starting point, the results from

this current study validate the results from the Matsukawa

study as the lateral and cephalad angles reported in both

studies were relatively similar. In addition, the results of

our study showed that the distances from the starting point

to the inferior border of the transverse process from L1 to

L5 were all nearly 1.0 mm, which were again similar to the

measurements reported by Matsukawa et al.

Despite the increased use of CBT screws in the lumbar

spine, little has been reported on the technique in sacral

spine. Due to the unique anatomy of the sacral foramen, the

sacrum does not contain a true pedicle of cortical bone ring

[15, 16]. Additionally, the sacrum mainly consists of can-

cellous bone, and the superior sacral endplate has a higher

bone mineral density than other layers of the S1 body [17,

18]. It has been reported that the anterolateral part of the

upper S1 body is the densest area of the sacral trabecular

intersection [18, 19]. In a study by Matsukawa et al. on

sacral CBT, the entry point was described as the junction of

the center of the superior articular process of S1 and

approximately 3 mm inferior to the most inferior border of

the inferior articular process of L5 [20]. In our study, the

starting point of S1 was the junction of the medial border of

the S1 pedicle and the inferior border of the L5 inferior

articular process, which is closer to the superior endplate

and might be easier to visualize. The sacral CBT screw in

our study was targeted to the superior-anterolateral part of

the sacrum, which is the anatomically favorable region

needed to obtain contact with dense bone.

In addition to the stronger fixation strength afforded by

CBT pedicle screw, there are several other advantages of

this technique. Mobbs et al. reported on successfully using

CBT technique in trauma, tumor and degenerative

pathologies [21]. Some of the proposed advantages men-

tioned are that the CBT technique can be used in the

proximal aspect of a construct to avoid wide dissection of

the mobile superior facet joint, which minimizes iatrogenic

instability. In addition, the CBT technique reduces incision

length and muscle dissection, thus minimizing approach-

related trauma, which makes it an attractive option for

minimally invasive spine surgery. Takata et al. reported

successfully outcomes in patients with spondylolisthesis

undergoing minimally invasive spine fusion with a hybrid

construct of CBT pedicle screw at the cephalad level and

traditional pedicle screw at the caudal level [22]. For obese

patients, the CBT technique may also be a favorable option

given the depth of soft tissue in the low back that may

make it challenging to insert pedicle screws through the

traditional transpedicular axis.

There are several potential drawbacks to the CBT

technique. As with traditional pedicle screw placement,

canal breach with pedicle screws poses a risk of neurologic

injury although this has not been reported in patients

undergoing spine fusion with the CBT technique. The

cortical path of the CBT technique may actually prove to

be advantageous in avoiding canal breach given the med-

ial-to-lateral direction of the pedicle screw away from the

neural elements. Exiting nerve root injuries are also pos-

sible during screw insertion from incorrect depth of screw

penetration or incorrect screw trajectory. Pars fracture is

also a theoretical risk of CBT technique given the location

Eur Spine J (2016) 25:870–876 875

123



of the starting point. It has been recommended that a tra-

ditional pedicle screw should be placed if a pars fracture

occurs while attempting to insert a CBT screw [21]. A

thorough understanding of the spine anatomy and screw

insertion technique is essential to decrease the risks of

these complications. Last, another potential disadvantage

of the CBT technique is difficulty with rod placement when

used in a hybrid construct due to the fact that CBT pedicle

screw heads may not line up in the para-sagittal plane with

traditional pedicle screw heads [22, 23].

In this study, we present a detailed assessment of lum-

bosacral CBT pedicle screw starting point, trajectory,

length and diameter using CT scan. The result of this study

provides valuable technical information to spine surgeons

hoping to add the CBT pedicle screw technique to their

toolbox for options during spinal fusion.
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