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Abstract

Purpose To evaluate the feasibility of cortical bone tra-
jectory (CBT) screws fixation via pedicle or pedicle rib unit
in the cadaveric thoracic spine (T9-T12).

Methods Computed tomography (CT) images of 100
patients are analyzed by multiplanar reconstruction. Ten
cadaveric thoracic spines are used to insert 4.5 x 35.0 mm
CBT screws at all levels from T9 to T12.

Results Maximal screw length obtained by CT has a ten-
dency to gradually increase from T9 (29.64 mm) to T12
(32.84 mm), and the difference reaches significant level at
all levels except T9 versus T10 (P < 0.01). Maximal screw
diameter increases from T9 (4.92 mm) to T12 (7.47 mm)
and the difference reaches significant level among all levels
(P < 0.01). Lateral angle increases from T9 (7.37°) to T12
(10.47°), and the difference reaches significant level among
all levels except T11 versus T12. Cephalad angle from T9
to T12 are 19.03°, 22.10°, 25.62° and 27.50° (P < 0.01),
respectively. The percentage of the inner and outer pedicle
breakage are 2.5 and 22.5 %, respectively. The violation of
lateral pedicle wall occurs at T9 and T10, especially for
women at T9.

Conclusions Both radiographic and cadaveric studies
establish the feasibility of CBT screws placement via
pedicle or pedicle rib unit in the lower thoracic spine (T9—
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T12). Furthermore, our measurements are also useful for
application of this technique.
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Introduction

Santoni et al. [1] are the first to introduce lumbar cortical
bone trajectory (CBT) technique and demonstrates a 30 %
increase in uniaxial yield pullout load relative to the tra-
ditional pedicle screws. The trajectory of traditional pedi-
cle screw uses a transpedicular path through the anatomic
axis of the pedicle, however, the new cortical trajectory
follows a caudocephalad path sagittally and a laterally
directed path in the transverse plane, engaging with cortical
bone maximally from the pedicle to the vertebral body. At
the same time, a new screw design that is shorter and
smaller than the traditional pedicle screw, which may
maximize the thread contact with this higher density bone
surface. Moreover, single level minimally invasive poste-
rior lumbar fusion with CBT screws demonstrates signifi-
cantly lower rate of screw loosening, less loss of
correction, and is less invasive compared to that with
percutaneous pedicle screws fixation [2]. In addition, a new
fusion technique that combined O-arm guided navigation
and lumbar CBT screws to treat patients with symptomatic
adjacent-segment lumbar disease, eliminating the need to
expose, remove, or connect to preexisting hardware, with
the benefits of reduced operative time, blood loss, and
dissection [3]. Although other morphometric and bio-
chemical studies have supported the use of lumbar CBT
screws [4, 5], long term follow-up studies still should be
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performed to fully understand the clinical outcome of this
method [6].

Since then, Matsukawa et al. [7] investigated thoracic
CBT technique (T9-T12), which was angulating cranially
toward the posterior one-third of the superior endplate in
the sagittal plane, and directed straight forward in the
transverse plane, however, their CBT technique also has
some drawbacks. First of all, the percentage of pedicle
width 4.5 mm and lesser is extremely high in women
(34.75 % at T9 and 13.56 % at T10) as compared with men
(7.46 % at T9 and 2.99 % at T10) [8]. Thus, Matsukawa
et al. inserted 5.5-mm-diameter thoracic CBT screws only
via pedicle, which is not suitable for some patients at T9
and T10, especially women. Besides, the starting point of
their technique is around the lateral part of the pars edge,
increasing high possibility of lateral pars fracture, espe-
cially T12, since the lamina width is smaller than that of
upper levels. Eventually, the original lumbar CBT screws
follow a laterally directed path in the transverse plane,
whereas Matsukawa’s technique is without a lateral angle
in the transverse plane, indicating that it reduces the
advantage to avoid spinal cord injury when compared with
the original lumbar CBT screws.

According to that, we investigate CBT screws fixation
via pedicle or pedicle rib unit in the lower thoracic spine,
following caudad part of the pedicle with a caudocephalad
path toward the superior endplate sagittally, and a laterally
directed path in the transverse plane (Figs. 1, 2a, b). In the
present study, we conduct morphometric measurement
using computed tomography (CT) and also insert screws in
cadaveric specimens to assess the feasibility of our
technique.

Materials and methods
Clinical materials

The research was approved by the institutional review
board of the hospital. We carried out the study on patients
who came to the Second Affiliated Hospital of Wenzhou
Medical University for lung diseases and underwent chest
CT scans from January 2011 to October 2015. Standard CT
images (5 mm thickness) were obtained by Philips Bril-
liance 256 iCT scan machine (Philips Medical Systems,
Eindhoven, and The Netherlands). Reformatted images
with a thickness <1 mm were obtained from these images.
Scan parameters included: 120 kV, 180 MA, 512 x 512
matrix, layer thickness of 0.9 mm, collimation of
128 x 0.625 mm, pitch of 0.6 mm, Dose Right of Z-DOM
and 250 mAs/Slice. Then, original data were entered into
the EBW work station (a post-processing work station of
the Philips Medical System) and 2-dimensional image
reconstruction performed by multiplanar reconstruction.
CT scans of thoracic vertebrae (50 men and 50 women,
mean age 49.60 £ 9.50 years, range 30-68 years) were
randomly selected for this study, and the exclusion criteria
for evaluation consisted of thoracic spine with any defor-
mities, trauma, tumor, or infection.

Measurement methods

All measurements in our study were performed by one
spine surgeon who was familiar with the anatomy and the
screw insertion technique in lower thoracic spine (T9-—
T12). Every parameter was measured three times in one

Fig. 1 a AP view, a laterally directed path in the transverse plane. b Lateral view, CBT screws follow caudad part of the pedicle with a

caudocephalad path toward the superior endplate in the sagittal plane
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Fig. 2 Reconstructed three-dimensional image demonstrates CBT
screws placed in lower thoracic spine (T9-T12). Bone widow is made
transparent to enable visualization of screws. a AP view, CBT screws
with a laterally directed path in the transverse plane. b Lateral view,

Fig. 3 Measurement of the maximal screw length and diameter. /
Screw insertion point, 2 maximal screw diameter, 3 maximal screw
length, 4 sagittal axis is used to adjust sagittal plane, 5 horizontal axis,
which can adjust axial plane

patient by the spine surgeon. The mean was obtained to be
the ultimate value. We used the method to minimize the
deviation and make our research more reliable. Firstly, we
increased layer thickness of the coronary plane to exhibit
the pedicle projection, therefore, we can move horizontal
and sagittal axis to the lower and medial border of pedicle
projection, respectively. Then, we drew an angle of 45° to
make the angle’s extension line to overlap pedicle pro-
jection, and we can find there was a point of intersection
between the extended line and the pedicle projection,
which was the starting point (Fig. 3). Thirdly, we enhanced

CBT screws follow caudad part of the pedicle with a caudocephalad
path toward the superior endplate in the sagittal plane. ¢ Posterior
view, screw heads of CBT technique are line-up in the sagittal plane

~ 105 mm

" 1

Fig. 4 Decreasing the layer thickness of the sagittal plane to show
the screw insertion point. / screw insertion point

the layer thickness of the sagittal plane, and adjusted the
horizontal axis to make it overlap the anatomic axis of the
pedicle projection to obtain a new axial plane (Figs. 3, 4).
Finally, we measured the following parameters: (1) maxi-
mal screw length, (2) maximal screw diameter, (3) lateral
angle, (4) cephalad angle (Figs. 3, 5).

CBT screws placement via pedicle or pedicle rib unit
in cadaveric specimens

Ten cadaveric thoracic spines (6 men and 4 women, mean
age 56.10 £ 9.26 years, range 42—71 years) were provided
by the Department of Anatomy, Wenzhou Medical
University. Lateral and anteroposterior (AP) X-rays were
taken to exclude obvious neoplastic, traumatic, congenital
conditions, earlier surgery, or facet arthropathy. Three of
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Fig. 5 Measurement of the lateral and cephalad angle. / Lateral
angle, 2 cephalad angle

cadaveric spines (2 men and 1 woman) were separated at
each level from T9 to T12 (Group S) and seven thoracic
specimens (4 men and 3 women) were not separated
(Group NS). Similar to the lumbar CBT technique [9], the
screw was inserted approximately at the 5 (7) o’clock
orientation and aimed in the 11-12 (12-1) o’clock direc-
tion of the pedicle (Fig. 6a), and also followed caudad part
of the pedicle with a caudocephalad path toward the
superior endplate sagittally (Figs. 1b, 6b). The screw
insertion point was the intersection of the center of the
superior articular process and the middle of the transverse
process for T9, T10, T11, and inferior 1/3 of the transverse
process for T12 (Fig. 7). All vertebrae were placed with
4.5 x 35.0 mm CBT screws in both sides. The position of
the screw was identified by lateral and AP views in Group

NS and axial view was also obtained in Group S through
Kubtec® Radiography System. Finally, we checked inner
or outer cortex breakage of 80 CBT screws via splitting
vertebrae in Group NS or axial view of X-Ray image in
Group S, respectively.

Statistical analysis

Statistical analysis was performed using SPSS statistical
software program 22.0 (SPSS Inc.). Mean values and cor-
responding standard deviations were calculated and inde-
pendent sample f-test was used for the test of differences
between male and female. One-way analysis of variance
and the Tukey analysis were performed for statistical
comparison among each thoracic segment. A P value of
less than 0.05 was selected to represent statistical
significance.

Results

Maximal screw length (MSL) and Maximal screw
diameter (MSD)

MSL had a tendency to gradually increase from T9 to T12,
and the difference reached significant level at all levels
except T9 versus T10 (P < 0.01). There were significant
differences between male and female for T9, T11, and T12
(P < 0.01) (Table 1). MSD gradually increased from T9
(4.92 mm) to T12 (7.47 mm). The difference reached sig-
nificant level among all levels (P < 0.01). There were
significant differences between male and female among all
levels (P < 0.01) (Table 1).

Fig. 6 a CBT screw is inserted approximately at the 5 (7) o’clock orientation of the pedicle and aimed in the 11-12 (12—1) o’clock direction of
the pedicle. b Sagittal CT scan showing that CBT screws inserted in the cadaver
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Fig. 7 Screw insertion point for CBT screws. a CBT screws are
inserted in the cadaveric specimen. b The blue line, the middle of
transverse process, the red line, inferior 1/3 of transverse process, the

EEEEEERENL
mm

black line, the center of the superior facet. The white circle, starting
point for T9-T11, the green circle, screw entry point for T12

Table 1 Parameters of CBT

screws obtained by CT Level (M/F) MSL (mm) MSD (mm) LA (®) CA (°)
(mean £ SD) 9
M 30.01 £ 0.86%* 5.16 £ 0.66* 7.53 £ 1.60 19.32 £+ 2.37
F 29.04 + 0.72 4.60 + 0.42 7.11 £ 091 18.56 &+ 3.12
All 29.64 £+ 0.94 4.92 £+ 0.64 7.37 £ 1.39 19.03 £ 2.68
T10
M 31.02 £+ 1.49 6.17 &+ 0.87* 8.90 £ 2.38 2221 & 2.85
F 30.49 £ 1.36 5.36 £ 0.57 8.13 £ 2.01 21.95 £ 242
All 30.79 £ 1.45 5.83 + 0.86 8.58 £2.25 22.10 £ 2.67
T11
M 31.96 £ 1.36* 722 £ 1.18% 10.41 £ 2.60 25.79 &+ 3.45
F 31.20 £ 1.19 6.42 £ 0.78 9.75 £ 2.79 2539 £2.55
All 31.64 £ 1.34 6.88 £ 1.10 10.14 £ 2.69 25.62 £ 3.09
T12
M 33.34 £ 1.87* 7.88 £ 1.09* 10.79 £ 3.28 27.72 £ 3.97
F 32.16 + 1.52 6.92 £ 0.78 10.23 £ 2.25 27.20 £ 3.12
All 32.84 + 1.82 747 £ 1.08 10.47 £ 2.90 27.50 £ 3.63

Comparison between men and women

F Female; M male; MSL maximal screw length; MSD maximal screw diameter; LA lateral angle; CA

cephalad angle

* Statistically significant difference (P < 0.01)
T Statistically significant difference (P < 0.05)

Lateral angle (LA) and cephalad angle (CA)

LA increased from T9 (7.37°) to T12 (10.47°), and the
difference reached significant level among all levels except

T11 versus T12. There were no significant differences
between male and female (P > 0.05) (Table 1). CA from
T9 to T12 were 19.03°, 22.10°, 25.62°, and 27.50°,
respectively. There were significant differences among all
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Table 2 Inner or outer pedicle

cortex breakage of CBT screws Level (M/F)

Inner pedicle cortex breakage

Outer pedicle cortex breakage

in thoracic spine (80 CBT T9
screws, 6 men, 48 CBT screws,

4 women, 32 CBT screws) M 1.(1712) 5(5/12)
F 1 (1/8) 6 (6/8)
All 2 11

T10
M 0 3 (3/12)
F 0 4 (4/8)
All 0 7
T11
M 0 0
F 0 0
All 0 0
TI12
M 0 0
F 0 0
All 0 0
All segments 2 (2.5 %) 18 (22.5 %)

F female; M indicates male

levels (P < 0.01) and no significant differences between
male and female (P > 0.05) (Table 1).

Inner or outer pedicle cortex breakage

There was no pedicle cortex breakage of CBT screws in
Group S. In Group N-S, two inner pedicle cortices and
eighteen outer pedicle cortices were violated. Percentage of
outer pedicle cortex breakage at T9 and T10 was higher
than that of other levels, especially women (Table 2).

Discussion

CBT screws fixation has evolved as a method of spinal
instrumentation that may avoid some limitations of tradi-
tional pedicle screw fixation [10]. Wray et al. [11] have
demonstrated that cortical trajectory could provide denser
bone that allows for utilization of smaller screws to obtain
mechanical purchase that is equivalent to long pedicle
screws placed in traditional pedicle screw trajectories for
both normal and low quality bone. As an alternative
method to conventional pedicle screw fixation, we inves-
tigated thoracic CBT screws placement via pedicle or
pedicle rib unit (Figs. 8, 9). Several studies reported that a
significantly larger screw can be placed within the pedicle
rib unit, which enlarged transverse width of the area of
insertion [12—14]. CBT screws fixation via pedicle rib unit
can result in costovertebral joint violation, however, the
frequently used “in—out-in” technique, which also

@ Springer

Fig. 8 X-ray images showing that CBT screws placement via
pedicle. a T9, b T10, ¢ T11, d T12

penetrated the lateral pedicle wall and passed out into the
costovertebral articulation to avoid penetration of the
medial pedicle wall. It was commonly performed in cases
in which the pedicle width was clearly lesser than the
intended screw diameter [8, 15].

According to our measurements, maximal screw diam-
eter from T9 to T12 were 4.92, 5.83, 6.88, 7.47 mm, and
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Fig. 9 CBT screws fixation via pedicle rib unit. a AP view, T9; b AP
view, T10; ¢ axial CT image, T9; d axial CT image, T10

maximal screw diameter 4.5 mm and lesser accounted for
27.03 % at T9 in women and 14 % at T9 in men. Zhuang
et al. [8] studied pedicle width of the isthmus and showed
its width ranged from 5.85 mm at T9 to 8.99 mm at T12 in
men and 4.89 mm at T9 to 7.56 mm at T12 in women.
What’s more, they also found the percentage of pedicle
width <4.5 mm was extremely high in women (34.75 % at
T9) as compared with men (7.46 % at T9). Therefore, some
patients may not be placed with >4.5 mm CBT screws
only via pedicle at T9, especially women. Maximal screw
length increased from T9 (29.64 mm) to T12 (32.84 mm),
which indicated 30-35 mm length CBT screws could be
used in the spinal surgery.

Karataglis et al. [16] have shown that preservation of the
dorsal vertebral cortex provided 26 % increase in peak
pullout strength. Regions of higher density bone are found
in the posterior-lateral portions of the vertebral body, and
adjacent to the vertebral endplate [17-19]. Moreover,
Lehman et al. [20] found caudad half of the pedicle was
denser, and that withstood higher forces as compared with
the cephalad aspect. Eventually, osteoporosis caused pref-
erential bone loss in the center of the vertebral body, with
the cortical shell relatively unaffected [21]. Thus, we pro-
posed our CBT screws obtained six points purchase

(Figs. 1b, 8, 9): dorsal cortex of lamina, medially or lat-
erally oriented pedicle wall, lateral margin of the vertebral
body, subendplate cortical bone and caudad part of the
pedicle, even the medial wall of rib head, which have
higher bone mineral density. In Group S, where all verte-
brae were separated from thoracic spine, there was no inner
or outer pedicle cortex breakage. On the contrary, in spinal
columns where segments were not separated (Group N-S)
reflecting a more clinical situation, using a free-hand
technique based on our trajectory, showed eighteen outer
cortex breakages and mainly occurred at T9 and TI10,
especially women at T9, which suggested we should insert
CBT screws through pedicle rib unit at above levels in
some patients. No screws broke outer pedicle cortex at T11
and T12, and maximal screw diameter was 6.88 mm at T11
and 7.47 mm at T12, which suggested the pedicle might
accommodate 4.5-5.5 mm CBT screws at above levels.

There were six advantages of this CBT technique.
Firstly, Ugur et al. [22] demonstrated pedicle—dural sac
distance ranged from O to 0.7 mm so that improper screw
insertion angle could cause neurologic damage. Trajectory
of CBT screws was medial to lateral, which can decrease
the incidence of spinal cord injury and contribute to
reducing the surgeon’s stress in clinical practice. Secondly,
screw insertion through a medial starting point enabled less
tissue dissection and retraction for reduced muscle dis-
ruption. Thirdly, CBT technique can be utilized as a useful
method to rescue failed screw because of the trajectory of
CBT technique was different from that of traditional screw.
Fourthly, the three dimensional position of the screw heads
also can line-up in the sagittal plane without complicated
rod bending compared with lumbar CBT screws when
using it multilevel (Figs. 2¢, 7a). Fifthly, we chose 5
o’clock orientation of the pedicle as the screw insertion
point, more medial to the isthmus portion as compared with
Matsukawa’s technique, decreasing the risk of isthmus
fracture, especially T12. Finally, the aorta run anterolat-
erally (to the left) in the cephalad and middle aspects of the
thorax, but changed to a vertebral midline position in the
caudad part of the thorax. At the same time, CBT screws
ended up in one-third or half of the superior endplate,
indicating that the CBT technique had little possibility
penetrating anterior vertebral cortex to cause aorta injury as
compared with the traditional screw. Nevertheless, the
above merits have to be proven in clinical trials.

In our study, there are some limitations deserved to be
mentioned. First of all, previous studies have shown some
differences between the thoracic pedicle size in Caucasian
and Asian populations [23-25], but we performed our
study in the Asian population. Therefore, further study
should be carried out to analyze whether there is a differ-
ence among human races when using thoracic CBT screws.
Considering, the CBT screw is shorter and smaller in
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length and diameter than the traditional pedicle screw to
maximize the thread contact with higher density bone
surface [1], we chose 4.5 mm diameter screw to carry out
the thoracic CBT technique in cadavers, which may
decrease the incidence of misplacement as compared with
5.5 mm diameter screw. Thus, further study is needed to
compare the malposition rate between 4.5 and 5.5 mm
diameter CBT screws. In addition, we will investigate the
screw stability of 4.5-5.5 mm diameter thoracic CBT
screws through biomechanical tests. Given the CBT screws
should engage with cortical bone maximally, we measured
the width of the outer margin of the cortex, however, fur-
ther study still should be carried out to investigate how to
accurately measure the acceptable screw diameter of the
CBT technique. What’s more, assessing what is the optical
pedicle diameter to accommodate 4.5-5.5 mm diameter
thoracic CBT screw according to clinical experience is
necessary to further study. Fourthly, we should perform the
process of decompression before inserting CBT screws
owing to the fact that the medial position of the screw head
may lead to no space to perform decompression. Finally, it
is important to prepare the screw path carefully to avoid
cephalad facet joint violation.

Conclusion

In conclusion, our cadaveric study demonstrates that
patients can be placed with 4.5 mm CBT screws at T11 and
T12 via pedicle. However, we may insert 4.5 mm CBT
screws via pedicle rib unit at T9 and T10 in some patients,
especially women at T9. Besides, findings of our study
provide insights into screw size and insertion angle deci-
sion when performing thoracic CBT screws (T9-T12) in
spinal surgery.
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