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The technique of cortical bone trajectory screw fixation in spine
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Abstract: Pedicle screw fixation is widely used in spinal fusion procedures and an established treatment
for a range of spinal disorders including spinal degenerative disc disease, spondylolisthesis, tumor, and
deformity. However, there are some disadvantages associated with traditional screw fixation techniques
including extensive paraspinal dissection required, and screw loosening associated with traditional pedicle
screw (TPS) fixation. As an alternative technique, both cadaveric and clinical studies have proposed and
investigated the feasibility of a novel cortical bone trajectory (CBT) screw fixation technique whereby the
screw follows a mediolaterally and caudocranially directed path through the pedicle and maximizes thread
contact with the cortical bone surface, providing enhanced screw purchase. Moreover, screw insertion
through a medial starting point offers advantage in minimizing muscle dissection. This study is to review the
history, development, biomechanical and clinical outcomes for CBT as an alternative technique for pedicle

screw fixation.
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Introduction indications, such as spinal degenerative disc disease, spinal

canal stenosis, spondylolisthesis, spinal trauma, spinal
Spinal fusion with bilateral traditional pedicle screw tumor and deformity (1-5). However, TPS fixation has
(TPS) fixation has been described for various surgical some drawbacks, including significant muscle dissection
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Figure 1 Comparison of traditional pedicle screw trajectory and cortical bone trajectory. The red dotted line is TPS trajectory, and the

black dotted line is CBT. (A) AP view; (B) lateral view; (C) vertical view. TPS, traditional pedicle screw; CBT, cortical bone trajectory;

AP, anteroposterior.

required for the exposure of anatomical bony landmarks.
Although a percutaneous pedicle screws (PPS) technique
can be alternative (6,7), it requires an additional approach
for decompression and bone graft (8,9). Besides, the
PPS technique depends on intraoperative multiplanar
fluoroscopy, which results in high risk of radiation exposure
of the surgeons and patients (10).

Additionally, screw loosening is a well-known
complication of TPS fixation (11), especially in osteoporotic
patients (12-14). Several methods can enhance screw
purchase, such as modifying screw design, augmenting
vertebral bodies with reinforcing materials or bicortical
pedicle screw techniques (15-17). However, they still
cannot be used in severe osteoporotic patients (18). Bone
cement may associated with disadvantages such as its high
exothermic polymerizing temperature, toxicity of the
monomer, and risk of cement leakage to the spinal canal
(19,20).

In 2009, Santoni et 4/. (18) introduced a novel method of
pedicle screw insertion known the cortical bone trajectory
(CBT). Used for lumbar screw that is shorter and smaller in
diameter which has been proposed to maximize the thread
contact with the zone of higher density bone density (21).
CBT screw follows a medial-to-lateral path in the transverse
plane and a caudal-to-cephalad path in the sagittal plane
through the pedicle (Figure I).

The CBT screw fixation can achieve four bone cortex
sites: the dorsal, posteromedial, and anterolateral sides of
the pedicle, and the lateral region of the vertebral body (22).
Several cadaveric experiments demonstrated that CBT
technique has equivalent or superior to the biomechanical
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properties than TPS (23,24). Moreover, the screw insertion
point of this technique is located around the lateral portion
of the pars interarticularis, offering advantages to avoid wide
exposure of the superior facet joint and requiring less tissue
dissection. In this study, we performed a comprehensive
literature review of the history, development, biomechanical
and clinical outcomes of CBT screw fixation technique.

Literature search methods

A systematic literature search of PubMed, EMBASE,
OVID, Science Direct, and the Cochrane Collaboration
data base was conducted through August 2017, based on the
key words of “cortical bone trajectory”, “CBT”, “cortical
trajectory”, “cortical screw”, “cortical trajectory screw”,
“pedicle screw”, “osteoporosis”. The reference lists of
all retrieved articles were reviewed to identify additional
potentially relevant studies. Biomechanical, morphometric
or clinical studies that reported complications, technique,
efficacy, anatomy or animal or cadaveric studies on CBT

screw fixation for spinal pathologies were included.

CBT screw fixation for lumbar spine
CBT screw starting point and parameters

Matsukawa et al. (22) proposed that the starting point of
CBT for lumbar was located at the junction of the center
of the superior articular process and 1 mm inferior to
the inferior border of the transverse process, which was
projected to the 5 o’clock orientation in the left pedicle and
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Figure 2 The schematic diagrams illustrating the starting point of CBT screw. (A) The starting point was supposed to be the junction of the

center of the superior articular process and 1 mm inferior to the inferior border of the transverse process; (B) the relationship between the

starting point on the left pedicle from L1-L5, the red point represents the screw starting point. CBT, cortical bone trajectory.

Figure 3 Screw starting point in the isthmus-guided CBT technique. A screw is inserted in the vicinity of the inferior articular process from

the dorsal side at a point 3 mm medial to the lateral margin of the isthmus. (A) AP view; (B) lateral view. Red arrow is the trajectory of CBT

screw. CBT, cortical bone trajectory; AP, anteroposterior.

the 7 o’clock orientation in the right pedicle (Figure 2). They
found the mean diameter gradually increased from L1 to
L5 (from 6.2 mm at L1 to 8.4 mm at L5). The mean length
from L1 to L5 was 36.8, 38.2, 39.3, 39.8, and 38.33 mm.
The lateral angle and cephalad angle were 8°-9° and
25°-26°, and was not affected by the segment level. Chen
et al. (25) measured the above data on Chinese population,
with similar trends observed.

In the original CBT approach, it is necessary to expose
the bone mark of inferior articular process. However,
in many cases, this joint may have been destroyed or
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degenerated in many patients who have indications for
intervertebral fusion, or have severe lateral slippage,
potentially resulting in injury to the spinal canal and/
or nerve root. Iwatsuki et #/. (26) developed isthmus-
guided CBT technique, and put the starting point at the
lateral margin of the isthmus and superior margin of the
intervertebral foramen (Figure 3). Although the isthmus-
guided CBT technique can improve the accuracy of screw
insertion, the shorter screw length and the fact that the
starting point is closer to the upper endplate may result in
reduced screw-bone contact.
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Senoglu et al. (27) evaluated 100 computed tomography
(CT) scans of the lumbar spine and determined
measurements of screw starting points, trajectories, and
lengths of placement of CBT screws. They suggested that
a pedicle-pars interarticularis junction length of less than
7.0 mm is too thin to safely accommodate a 5.0-mm screw
given the preference for a minimum 1 mm bone stock on
each side of the CBT screw. Based on the above theory,
they found that the pedicle-pars interarticularis junction
from L1 to L5 was deemed too small for 5 mm diameter
CBT screw on the right 35%, 24%, 17%, 17%, and 19%,
respectively, and on the left in 30%, 17%, 17%, 17%, and
20%, respectively. The average length of a screw placed
along the cranial CBT measured 27-30.5 mm (24.1°-6.2°).
The parasagittal angle was ranging from 13°-16°.

The detailed parameters of lumbar CBT screw fixation
are summarized in Table 1.

Biomechanical stability

Santoni et /. (18) found that CBT screws and TPSs have
equivalent pullout strengths and toggle characteristics. CBT
screws exhibit a 30% increase in uniaxial pullout strength
relative to TPSs. However, screws for the traditional pedicle
trajectory and CBT were different. Whether screw or
trajectory affects the uniaxial pullout strength was unclear.
Ueno er al. (28) investigated the relationship between screw
entry trajectory or screw thread characteristics and pullout
strength in pig cadaver experiments. The results showed
that cortical screw could increase the fixation strength, but
not significantly increase the pullout strength. The specific
trajectory seemed to have a major impact on the pullout
strength.

Calvert er al. (24) investigated the biomechanical
properties of TPS and CBT screw when each was used to
rescue the other in the setting of revision in ten fresh-frozen
human lumbar spines. Data in this study showed that CBT
rescue screws retained 60% of the original TPS pullout
strength, whereas traditional rescue screws retained 65% of
the original CBT screw pullout strength. It supported that
either CBT or TPS use as a rescue option in the setting
of a failed or compromised pedicle screw construct in the
lumbar spine. Baluch er 4. (29) found that the CBT screw
had more resistance to loosening in fatigue testing when
compared with the TPS. Perez-Orribo er al. (30) reported
that there were no significant difference in the mean range
of motion or lax zone of CBT screw and TPS during any
loading mode. Matsukawa et al. (23) reported that CBT
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screws exhibit 2.01 greater insertional torque compared to
"TPSs in vivo.

Clinical outcomes

Ueno et al. (31) employed a double-trajectory technique
(CBT combined with traditional trajectory) in a patient with
degenerative lumbar scoliosis and severe osteoporosis. After
14 months follow-up evaluation, the patient’s postoperative
clinical symptoms had been alleviated and there had been no
loss of correction. Rodriguez er al. (32) utilized CBT screw
fixation with intraoperative CT (O-arm) image-guided
navigation to stabilize spinal levels in five consecutive
patients with symptomatic adjacent-segment lumbar
disease. After 10-15 months clinical follow-up, all patients
reported improved symptoms from their preoperative
state. Radiographic follow-up demonstrated Lenke fusion
grades of A or B. Mizuno et al. (33) adopted midline lumbar
fusion (MIDLF) technique, which is composed of posterior
midline approach, microsurgical laminectomy, and CBT
screw fixation, for treating 12 patients with single level of
lumbar spondylolisthesis. One intraoperative complication
was noted, which was cortical bone fracture at the screw
compression. No patient had surgery-related spinal nerve
injury or neurological deficit. After 20 months’ follow-
up in five cases, there was no screw loosing or backout.
Moreover, in 9 patients out of 12, the inflammatory markers
data of CK and WBC recovered within a week, which was
equivalent to the data of mini open PLIF in the literature.
Takata et al. (34) performed hybrid reconstruction (CBT at
the cranial level and TPS at the caudal level) on six patients
with degenerative spondylolisthesis, the skin incision of
above technique was around 5-6 cm, which was shorter
than that of the TPS. Gonchar er a/. (35) performed a
prospective nonrandomized comparative clinical study
of comparing outcomes of single-level MIS spinal fusion
using CBT wvs. PPS. At 6 months post-operation, results
showed that single-level MIS posterior lumbar fusion with
CBT screws had lower rate of screw loosening, less loss
of correction, and was less invasive compared to that with
PPS. Lee er al. (36) evaluated a prospective randomized
non-inferiority trial of comparing clinical and radiological
outcomes of CBT in PLIF and TPS in PLIF. According
to the results, CBT provided similar fusion rates, VAS
scores for lower back pain, and ODI scores, without
significant differences. However, the occurrence of facet
joint violation and surgical morbidities, including blood
loss, operation time, hospital stay, and incision length was
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Table 1 Parameters of CBT screws for lumbar spine obtained by CT (mean + SD)
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Matsukawa et al., 2014 Chenetal., 2015 Senoglu et al., 2017
ftems Total Male Female Right side Left side
No. of subjects 100 80 80 100 100
L1

PH (mm) 16.5+£1.3 17.17+1.57 15.96+1.73 - -
PW (mm) 7.9+1.5 9.00+1.71 6.76+1.56 - -
SD (mm) 6.2+1.1 6.42+1.27 6.00+1.42 - -
SL (mm) 36.8+3.2 36.17+2.38 35.57+2.21 - -
LA (°) 8.6+2.3 8.28+2.39 8.63+2.21 13.94+3.45 14.13+£3.02
CA (°) 26.2+4.5 26.77+3.45 26.69+4.20 - -
L2
PH (mm) 15.8+1.5 16.68+1.62 15.85+1.32 - -
PW (mm) 8.0£1.4 8.42+1.49 7.53+1.33 - -
SD (mm) 6.2+1.1 6.46+1.59 6.09+1.99 - -
SL (mm) 38.2+3.0 36.63+2.42 36.17+2.72 - -
LA (°) 8.5+2.4 9.81+2.67 9.29+3.88 13.5+2.75 13.45+2.6
CA (°) 25.5+4.5 26.27+3.45 25.01+3.93 - -
L3
PH (mm) 15.6+1.3 17.02+1.53 14.92+1.25 - -
PW (mm) 9.6+1.6 10.03+1.79 8.37+1.52 - -
SD (mm) 6.6+1.2 7.54+1.59 6.54+1.91 - -
SL (mm) 39.3+3.3 38.22+2.25 37.05+2.59 - -
LA (°) 9.1+2.4 9.33+2.25 9.49+2.28 13.62+2.92 13.0+2.34
CA (°) 26.2+4.9 26.25+2.89 26.40+2.38 - -
L4
PH (mm) 14.4£1.5 15.49+1.94 14.11+1.62 - -
PW (mm) 11.3+1.7 13.23+2.06 10.11+1.62 - -
SD (mm) 7.1+1.3 8.33+1.01 7.27+1.31 - -
SL (mm) 39.8+3.5 37.85+2.19 37.08+2.64 - -
LA (°) 9.1£2.3 9.77+1.55 9.51+2.09 13.89+3.03 14.11£2.77
CA (°) 26.0+4.4 26.27+2.14 26.65+2.48 - -
L5
PH (mm) 13.9+1.5 15.01+1.62 13.32+1.85 - -
PW (mm) 15.3+£2.0 15.47+2.36 14.33+1.99 - -
SD (mm) 8.4x1.4 11.70+1.68 10.27+1.61 - -
SL (mm) 38.3+3.9 37.88+2.30 36.76+2.71 - -
LA (°) 8.8+2.1 9.41+1.23 9.45+1.34 15.57+3.67 15.22+3.53
CA (°) 25.8+4.8 27.63+2.68 26.25+2.70 - -

CBT, cortical bone trajectory; CT, computed tomography; PH, pedicle height; PW, pedicle width; SD, screw diameter; SL, screw length;

LA, lateral angle; CA, cephalad angle.
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Table 2 Parameters of CBT screws for thoracic spine obtained by CT (mean + SD)

Matsukawa et al., 2014

Xuan et al., 2016 (N=100)

Sheng et al., 2016 (N=80)

Measurements (N=50)
SD (mm) SL(mm) CA() SD(mm) SL(mm) LA() CA() SD(mm) SL(mm) LA() CA ()

T9 5.8+1.1 29.7+4.6 21.4+3.3 4.92+0.64 29.64+0.94 7.37+1.39 19.03+2.68 - - - -
T10 - - 24.6+3.0 5.83+0.86 30.79+1.45 8.58+2.25 22.10+2.67 - - - -

T11 - 32.0+2.1 26.9+2.9 6.88+1.10 31.64+1.34 10.14+2.69 25.62+3.09 - - - -

T12 8.5+1.4 - 27.6+3.9 7.47+1.08 32.84+1.82 10.47+2.90 27.50+3.63 - - - -

T3 - - - - - - - 3.61+0.46 23.63+1.96 3.61+0.46 18.77+1.83
T4 - - - - - - - 3.88+0.41 25.44+1.88 3.88+0.41 19.20+1.25
T5 - - - - - - - 3.97+0.28 26.84+1.82 3.97+0.28 19.46+2.23
T6 - - - - - - - 4.42+0.31 28.22+1.42 4.42+0.31 20.59+1.32
T7 - - - - - - - 4.90+0.39 29.80+1.69 4.90+0.39 21.15+1.16
T8 - - - - - - - 5.43+0.29 31.06+1.58 5.43+0.29 21.84+1.32

CBT, cortical bone trajectory; CT, computed tomography; SL, screw length; SD, screw diameter; LA, lateral angle; CA, cephalad angle.

lower in CBT with PLIF group, compared that with TPS.
Orita er al. (37) introduced a percutaneous CBT (pCBT)
fixation technique by modifying the PPS technique and
performed a prospective study of TLIF with pCBT or PPS
on 40 patients. The results showed that pCBT group had
advantages of shorter total incision length, shorter duration
of fluoroscopy, compared with PPS group.

Glennie er al. (38) retrospective reviewed a series of
eight patients using a CBT screw fixation for degenerative
conditions of the lumbar spine. After an average of
12 months follow-up, four patients lost the maintenance
of reduction, five patients had screw loosening, and two
patients required revision surgery for pseudarthrosis and
caudal adjacent segment failure. Pacione ez 4/. (39) reported
a case report of an 83-year-old woman patient with a
combination of osteoporotic compression fracture and
spinal stenosis, who underwent an L4/5 decompressive
laminectomy, L4 kyphoplasty, and L3-5 instrumentation
and fusion with CBT screw fixation. One month
postoperatively, the patient had a new L3 compression
fracture, and subsequently went a percutaneous parapedicular
L3 kyphoplasty.

In addition to the stronger fixation strength, the CBT
screw offers several other advantages over the TPS. Firstly,
a lower risk of canal breach and subsequent neurologic
injury given the medial to lateral and caudal to cephalad
trajectory applied in the CBT technique. Secondly, CBT
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screw insertion through a more medial starting point enables
a reduction in incision length, extent of muscle dissection,
intraoperative retraction, and recovery time. Thirdly, the
lateral trajectory through the pedicle reduces the risk of
injury to the medial branch nerve that originated from the
dorsal rami of each of the lumbar spinal nerves and thereby
reduces the incidence of postoperative radiculitis (40).
Moreover, contrary to PPS technique, another potential
advantage using CBT technique is that all surgical procedures
including laminectomy, interbody work, and screw placement
are possible with limited midline exposure

CBT screw fixation for thoracic and sacral spine

Matsukawa et al. (41) investigated CBT technique in lower
thoracic spine region (1'9-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. Morphometric measurement of thoracic CBT
increased from T9 to T12 (the mean diameter: from 5.8 mm
at T9 to 8.5 mm at T'12, the length: from 29.7 mm at T9 to
32.0 mm at T'12, and cephalad angle: from 21.4° at T9 to
27.6° at 'T12). In addition, the CBT technique demonstrated
average 53.8% higher maximum insertional torque than the
TPS (P<0.01).

Xuan et al. (42) evaluated the feasibility of CBT screw
fixation via pedicle or pedicle rib unit in the lower thoracic

AME Med 72018;3:8
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spine (T9-T'12). Maximal screw length obtained by CT has
a tendency to gradually increase from T9 (29.64 mm) to
T12 (32.84 mm). Maximal screw diameter increases from
T9 (4.92 mm) to T12 (7.47 mm). Lateral angle increases
from T9 (7.37°) to T12 (10.47°). Cephalad angle from T9
to T12 are 19.03°, 22.10°, 25.62° and 27.50°, respectively.
In cadaveric thoracic experiment, 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. They
also investigated the anatomical data and feasibility of
performing 4.5 to 5.5 mm CBT screws fixation via pedicle
or pedicle rib unit in the pediatric thoracic spine (T9-T12).
Their studies supplied the additional evidence and novel
pattern to CBT screws fixation in lower thoracic spine (43).

Sheng et al. (44) performed an anatomico-radiological
study on the morphometrics of the middle-upper thoracic
spine. The maximum length of the trajectory, the maximum
diameter, and the cephalad angle exhibited a slight increase
trend while the transverse and sagittal angles of the pedicle
tended to decrease from T3 to T8. They recommended that
the width of CBT screw for middle-upper thoracic spine
is 5.0 mm, the length is 25 to 35 mm. The caudocephaled
angles were 15° to 20°, and directed straight forward in the
transverse plane. The detailed parameters of CBT screw
fixation in thoracic region are summarized in Table 2.

Matsukawa ez al. (45) investigated penetrating S1 endplate
CBT (PECBT) technique, which angulating cranially in the
sagittal plane penetrating the middle of the sacral endplate,
and directed straight forward in the transverse plane.
The mean cephalad angle was 30.7°+5.1°, and the mean
length of trajectory was 31.5+3.5 mm. Additionally, i vitro
biomechanical study showed that PECBT demonstrated
an average of 141% higher insertional torque than the
traditional monocortical technique.

Case presentation

A 68-year-old male had low back pain radiating to left lower
extremity, accompanying with intermittent claudication that
lasted for 6 years and aggravated 2 weeks ago. This patient
had failed to respond to conservative treatment which
included physiotherapy and medication. Imaging studies
showed central canal stenosis involving 1.4/5. The patient
underwent L4/5 transforaminal lumbar interbody fusion
with CBT screw fixation (Screw diameter: 5.5 mm, length:
35 mm). He had significant improvement in his back pain
and neurogenic claudication postoperatively. Postoperative

© AME Medical Journal. All rights reserved.
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plain radiographs and CT scans show good CBT screws
through the pedicles (Figure 4).

Indications and contraindications

The indications for CBT screw fixation include: (I) patient
with osteopenia or osteoporosis who would obtained a more
rigid structure from CBT screws which maximize thread
contact with higher density cortical bone; (II) patients with
diabetes or obesity who would benefit from a more medial
starting point and less muscle dissection of CBT insertion;
(III) CBT use as a rescue option in the setting of a failed or
compromised pedicle screw construct in the lumbar spine; (IV)
patients with symptomatic adjacent segment lumbar disease
who was previously instrumented pedicles without removal of
the pre-existing hardware; (V) a double trajectory technique,
using both CBT technique and TPS, in the same pedicle, for
instrumentation in a patient with severe osteoporosis.

The absolute contraindications for CBT screw fixation
include a congenital pars defect, lack of cortical bone at the
pars secondary to a wide decompression, and iatrogenic pars
fracture. The relative contraindications include a narrow
pars, congenital small pedicles, and severe spinal deformity
with axial vertebral rotation.

Limitations of CBT screw fixation

The limitations for CBT screw fixation include: (I)
lateralized trajectory and starting point around the pars,
which may contribute to the development of pars fracture
leading to fixation failure (46); (II) with the original CBT
technique, starting point at inappropriate angles could
cause nerve root disorders because the insertion points
are positioned just above the nerve root; (III) the isthmus-
guided CBT technique, screws are shorter and their
insertion points closer to the cranial side than the original
CBT technique, there is less bone cortex in contact with
the screws, further biomechanical study should be carried
out; (IV) without the usage of navigation system, isthmus-
guided CBT technique need multiplanar fluoroscopy,
which increases the risk of radiation exposure; (V) the
starting point is medial on the pars, the surgeon sometimes
needs to remove the inferior 1/2 of the spinous process
to achieve the appropriate angulation for the trajectory;
(VI) as a novel technique, CBT screw is not familiar
to surgeon, so that it is important to make the strategy
preoperatively (e.g., initial point, screw size, screw angle,
and decompression width).

AME Med 72018;3:8
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Figure 4 Postoperative X-ray (A, AP view; B, lateral view) and CT scans (C-E) showed good trajectory of CBT screws through the pedicles.

CBT, cortical bone trajectory; AP, anteroposterior; CT, computed tomography.

Conclusions and key points

(I) The CBT screw fixation is an anatomic feasible
technique for lumbar, thoracic and sacral spine
fixation, with potential advantages: less soft tissue
dissection, and less risk of damage to nerve roots and
vascular structures injuries;

() The CBT screw can be inserted percutaneously or
using a free hand technique;

(II) The diameter of lumbar CBT screws ranges from 4.5
to 5.5 mm, and the length ranges from 25 to 35 mm;

(IV) Several biomechanical studies demonstrated that CBT
technique has equivalent or superior biomechanical
properties of TPS;

(V) Retrospective, short term clinical outcomes reported
in the literature show that CBT has lower blood loss
than TPS;

(VD) Further randomized controlled trials are needed to
compare CBT vs. TPS techniques;

(VII) CT image/Isthmus-guided CBT technique may
provide a feasible and safe option for accurate screw
placement.
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