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Abstract:
Over the past few decades, many attempts to enhance the integrity of the bone-screw interface have been made to prevent

pedicle screw failure and to achieve a better clinical outcome when treating a variety of spinal disorders. Cortical bone tra-

jectory (CBT) has been developed as an alternative to the traditional lumbar pedicle screw trajectory. Contrary to the tradi-

tional trajectory, which follows the anatomical axis of the pedicle from a lateral starting point, CBT starts at the lateral part

of the pars interarticularis and follows a mediolateral and caudocranial screw path through the pedicle. By markedly altering

the screw path, CBT has the advantage of achieving a higher level of thread contact with the cortical bone from the dorsal

entry point to the vertebral body. Biomechanical studies demonstrated the superior anchoring ability of CBT over the tradi-

tional trajectory, even with a shorter and smaller CBT screw. Furthermore, screw insertion from a more medial and caudal

starting point requires less exposure and minimizes the procedure-related morbidity, such as reducing damage to the paraspi-

nal muscles, avoiding iatrogenic injury to the cranial facet joint, and maintaining neurovascular supply to the fused segment.

Thus, the features of CBT, which enhance screw fixation with limited surgical exposure, have attracted the interest of sur-

geons as a new minimally invasive method for spinal fusion.

The purpose of this study was: 1) to identify the features of the CBT technique by reviewing previous anatomical and

biomechanical literature, and 2) to describe its clinical application with a focus on the indications, limitations, surgical tech-

nique, and clinical evidence.
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Introduction

The pedicle screw fixation system has been accepted as

the gold standard technique for spinal fusion because of its

anchoring ability. However, problems of screw loosening,

which can result in a loss of fixation and nonunion have not

been resolved, particularly in patients with osteoporotic

bone1). The fixation strength of pedicle screws in vertebral

bone depends on three major factors: the vertebral geometry

and bone quality, design and mechanical properties of the

pedicle screw, and the screw insertional technique2). One

strategy for enhancing screw fixation is modification of the

screw path before screw insertion, including the pilot and

tapping holes. Biomechanical studies demonstrated that a pi-

lot hole size smaller than the core diameter of the screw and

an under-size-tapping smaller than the outer diameter of the

planned screw improve the fixation strength of pedicle

screws3,4). Another strategy influencing screw fixation is al-

teration of the transpedicular screw path from the conven-

tional screw path. Several authors reported that screw inser-

tion vertically without convergence from a medialized start-

ing point led to a greater pullout strength5,6). Considering re-

gional variation and heterogeneous bone properties within

the vertebra, the amount of denser bone contact contributes

to the differences in bone-screw interface stability.

More markedly, Santoni and Hynes et al. proposed corti-
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Figure　1.　4-point cortical contact of CBT.

Axial (left) and sagittal (right) CT slices along the axis of CBT screws. CBT can achieve a 4-point 

cortical contact between the dorsal lamina (1), inferomedial pedicle wall (2), anterolateral pedicle 

wall (3), and lateral curvature of the vertebral endplate (4).

cal bone trajectory (CBT) to increase purchase with a

greater density bone7). CBT starts at the lateral part of the

pars interarticularis and follows a mediolateral and caudo-

cranial path through the pedicle. While traditional trajectory

(TT) screws are inserted along the anatomical axis of the

pedicle and rely on their stability mainly with cancellous

bone in the pedicle and vertebral body8), CBT screws can

maximize the contact between the screw thread and cortical

bone within the complex structure of the vertebra by altering

the screw trajectory in novel fashion9). Because cortical bone

is less affected by the osteoporotic process than cancellous

bone, the CBT technique has the possibility to reduce the

incidence of screw loosening and subsequent fusion failure

in osteoporotic patients. Additionally, screw insertion from a

more medial and caudal starting point requires less exposure

and minimizes the procedure-related morbidity: 1) it reduces

paraspinal muscles dissection and retraction10), 2) it lessens

iatrogenic injury to the mobile superior facet joint adjacent

to the fused segment11), and 3) it maintains neurovascular

supply to the fused segment, such as the posteromedial

branch of the nerve root passing near the mammillary proc-

ess12).

The purpose of this study was to review the anatomical

and biomechanical characteristics of CBT and to describe its

clinical application, including indications, limitations, surgi-

cal techniques, and clinical evidence.

Anatomical characteristics

CBT has the anatomical advantage of achieving a mark-

edly increased thread contact with the cortical bone by set-

ting a medial starting point and following a craniolateral di-

rection. CT analyses demonstrated that Hounsfield units

along CBT, even with shorter and smaller bone paths, were

four times higher than those along TT13), and this tendency

was prominent with increasing generation14). Theoretically,

CBT can achieve a 4-point cortical contact between the dor-

sal starting point, inferomedial pedicle wall, anterolateral

pedicle wall, and lateral curvature of the vertebral endplate

(Fig. 1)15). Among those, the starting point of the pars inter-

articularis is the anatomically densest lesion within the ver-

tebral elements9,16,17), and acts as a key component in the

fixation of CBT18). In other words, the selection of the opti-

mal starting point is the crucial factor for an improved bony

purchase.

The original technique by Hynes proposed that the start-

ing point was the junction of the center of the superior ar-

ticular process and 1-2 mm inferior relative to the inferior

border of the transverse process19). From a morphometric

analysis of CBT, this point was typically close to the in-

feromedial border of the pedicle and corresponded to the 5

o’clock orientation in the left pedicle and the 7 o’clock ori-

entation in the right pedicle (Fig. 2)15). This locational rela-

tionship between the starting point and pedicle was intro-

duced as the “pedicle map”15), and is beneficial in deciding

on the optimal starting point under the limited surgical ex-

posure of the anatomical landmarks, especially for patients

with severe degenerative change or cases requiring reopera-

tion. The lateral pars is an identifiable structure and is less

influenced by degenerative change;20) therefore, it can be a

good bony reference for the insertional location in the op-

erative field21). The distance between the starting point and

lateral margin of the pars gradually increased from L1 to L5

(L1: 0.8 mm, L2: 1.5 mm, L3: 2.0 mm, L4: 3.3 mm, L5:

4.7 mm) according to a previous morphometric study15).

As for the insertional direction, the trajectory moves from

5 (7) o’clock to 11 (1) o’clock orientation in the left (right)

pedicle. CT analysis revealed that the direction was univer-
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Figure　2.　The starting point of CBT.

In the left pedicle, CBT starts at the 5 o’clock orientation and 

moves to 11 o’clock orientation using the clock face. In the right 

pedicle, CBT starts at the 7 o’clock orientation and moves to the 

1 o’clock orientation.

Figure　3.　The insertional direction of CBT.

sally the same angle (cranial angle: 25-26°, lateral angle: 8-

9°) regardless of lumbar spinal levels, which were widely

different in their pedicular angulation and anatomic shape

(Fig. 3)15). Zhang et al. also conducted a morphometric

measurement of CBT and demonstrated relatively similar re-

sults (cranial angle: 23-27°, lateral angle: 9-16°)22). Compar-

ing both results, the cranial angle was relatively consistent,

and the disparity in the lateral angle might have been de-

rived from differences in the location of the starting point

and reviewed patient population, such as the sex and age.

Biomechanical characteristics

Fixation strength of CBT screw

Santoni et al. first reported the superiority of CBT screws

in osteoporotic cadaveric lumbar spines7). In their report,

CBT screws (average 4.5-mm diameter and 29-mm length)

demonstrated a 30% greater uniaxial pullout strength and

equivalent strength against toggle loading as compared to

TT screws (average 6.5-mm diameter and 51-mm length)

(Table 1). More practically replicating a mechanism of pedi-

cle screw loosening, Baluch et al. compared the fixation

strength of CBT screws (average 4.5-mm diameter and 32-

mm length) with that of TT screws (average 6.5-mm diame-

ter and 45-mm length) under cyclic loads perpendicular to

the screw axis, and demonstrated the superior resistance of

CBT screws23). Another study also evaluated the mechanical

behavior of CBT screws in vivo by measuring insertional

torque24). The mean maximum insertional torque of CBT

screws (5.5-mm diameter and 30- to 35-mm length) was

71% higher than that of TT screws (6.5- to 7.5-mm diameter
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Table　1.　Summary of the Comparative Biomechanical Studies between CBT and TT.

Author and year Screw size of CBT Screw size of TT Mode Results

Santoni et al. 2009 7) φ4.5×29 mm φ6.5×51 mm POS CBT>TT

Toggle CBT=TT

Baluch et al. 2014 23) φ4.5×32 mm φ6.5×45 mm Cyclic toggle CBT>TT

Matsukawa et al. 2014 24) φ5.5×30-35 mm φ6.5-7.5×40 mm Insertional torque CBT>TT

Matsukawa et al. 2015 25) φ5.5×35 mm φ6.5×40 mm POS (FEM) CBT>TT

Toggle (FEM) CBT>TT

Wray et al. 2015 26) φ5.2-5.3×28-31 mm φ6.1-6.3×40-45 mm POS CBT=TT

Toggle CBT=TT

Akpolat et al. 2016 27) φ4.5×25 mm φ6.5×55 mm Cyclic toggle CBT<TT

CBT: cortical bone trajectory, TT: traditional trajectory, POS: pullout strength, and FEM: finite element method.

and 40-mm length). According to a finite element study,

CBT screws (5.5-mm diameter and 35-mm length) demon-

strated a 26% higher pullout strength, 28% greater resistance

to cepahalocaudal loading, and 140% greater resistance to

mediolateral loading than TT screws (6.5-mm diameter and

40-mm length)25).

Contrary to these results, Wray et al. concluded in a ca-

daveric biomechanical study that there were no significant

differences between CBT screws (5.2- to 5.3-mm diameter

and 28- to 31-mm length) and TT screws (6.1- to 6.3-mm

diameter and 40- to 45-mm length) in terms of the pullout

strength and toggle resistance26). Akpolat et al. also demon-

strated that CBT screws (4.5-mm diameter and 25-mm

length) had a lower fatigue performance compared with TT

screws (6.5-mm diameter and 55-mm length) in low-quality

bone27). In their report, because CBT screws were inserted

about 5 mm shallower than the full screw length to avoid

screw head impingement against the dorsal lamina, a screw

length of 25 mm was considered too short to resist loads

perpendicular to the screw axis, even though screws had suf-

ficient contact with the cortical bone.

Theoretically, the level of load applied to the vertebra is

equal whether screws are inserted via TT or CBT; however,

CBT screws, which are shorter and smaller than TT screws,

have less surface area available within bone. In other words,

mechanical stresses on the bone-screw interface per unit

area using CBT are markedly higher than those using TT.

Once CBT screw loosening has occurred, these higher

stresses can cause the micro-motion of the screw and induce

the acceleration of bone encroachment around the screw. To

reduce the risk of screw loosening, a previous biomechanical

study suggested that longer screws can improve the vertebral

load distribution and decrease the mechanical stress on the

bone-screw interface28).

Fixation strength of CBT construct

Although the CBT screw itself can provide greater me-

chanical performance, some biomechanical studies suggested

that the spinal construct using CBT provided less rigid fixa-

tion against lateral bending and axial rotation loadings.

Perez-Orribo et al. compared the biomechanical stability of

one segmental screw-rod construct between TT and CBT us-

ing nondestructive flexibility tests on cadaveric lumbar

spines29). No significant differences were observed during

any kind of loading; however, the TT construct was signifi-

cantly stiffer than the CBT construct during lateral bending

and axial rotation under the condition of intact disc or trans-

foraminal lumbar interbody support. Another biomechanical

study using the finite element method revealed that the CBT

paired-screw construct showed 51% higher vertebral fixation

strength on flexion loading and 35% higher on extension,

but 20% lower vertebral fixation strength on lateral bending

and 37% lower on axial rotation, when compared with the

TT construct25). Because these tendencies were invariably ob-

served regardless of the bone density, the disadvantages of

CBT, such as a divergent trajectory and short lever arm from

the median axis, could be associated with these drawbacks.

To improve the vertebral stability against lateral bending

and axial rotation, the following two points are advocated:

1) to enhance each screw’s anchoring ability within a con-

struct as much as possible by selecting the optimal screw

trajectory and screw size18,28), and 2) to take countermeasures

against torsional motion for the screw-rod construct by pres-

ervation of the facet joint30), large interbody grafting to re-

construct anterior column support31), and the addition of a

crosslink connector32).

Indications and limitations

The CBT technique is indicated for almost all lumbar spi-

nal disorders without spondylolysis and severe spinal de-

formity, particularly in the lower lumbar spine. The

anatomic characteristics of the lower spine, such as the

deep-seated screw entry point, large volume of paraspinal

muscles, and larger medialized pedicle axis from a more lat-

eral entry point, necessitate extensive muscle dissection and

retraction to insert a pedicle screw in a convergent direction

compared with those of the upper spine. In contrast, CBT

screws can be implanted with less muscle dissection in a di-

vergent direction (Fig. 4). These findings become more no-

table in the case of obese patients with a deep surgical corri-

dor. From a biomechanical point of view, the pedicle diame-

ter of the lower spine is large and involves difficulty in opti-

mal thread contact with subcortical bone of the pedicle33),
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Figure　4.　Comparison in the surgical exposure between traditional trajectory and cortical bone trajecto-

ry.

CBT screws can be implanted with less muscle dissection in a divergent direction compared with TT 

screws in a convergent direction (used with permission from Medtronic Inc. (Memphis, TN, USA)).

which is the most critical part of fixation for TT screws. In

contrast, CBT screws can achieve rigid fixation, regardless

of the pedicle size, by increasing engagement with the

denser bone. For the reasons mentioned above, the most ap-

propriate indication is short segmental fusion for lower lum-

bar pathologies; however, it can also be adapted for long

segment fusion34-36). Care should be taken when placing

screws in the upper spine because of a narrow pars and

small pedicle15), associated with the potential risk of pars and

pedicle fractures.

Another indication is as a salvage technique. Increasing

the diameter and length of screws is a conventional recovery

technique in cases of fixation failure after TT screw place-

ment. Since CBT follows a widely different screw path from

the traditional anatomical transpedicular trajectory, it can be

an option for a compromised screw path, such as screw mis-

placement, screw loosening, and pseudoarthrosis. Supporting

this, one biomechanical cadaveric study comparing the fixa-

tion of CBT and TT screws used for revision at the same

pedicle found that CBT and TT screws each retain adequate

construct stability37).

On the other hand, surgeons should note some contraindi-

cations. One is spondylolytic vertebra, similarly including a

pars defect secondary to a wide bony decompression, be-

cause spondylolytic vertebra lack cortical regions of the pos-

terior element on which CBT screws rely for most of their

stability9,16,17). In terms of the fixation strength of CBT

screws in spondylolytic vertebra, compared with that in nor-

mal vertebra, Ninomiya et al. reported a 50% lower inser-

tional torque38), and a finite element study demonstrated a

20% lower pullout strength and 30-40% lower vertebral

fixation strength39).

Another contraindication is severe spinal deformity with

horizontal vertebral rotation. As aforementioned in the sec-

tion on biomechanical characteristics, CBT is divergent and

involves a short trajectory, and fails to traverse sufficiently

deep enough through the instantaneous axis of rotation;

therefore, the screws cannot deliver enough rotational force

to the anterior column to derotate the vertebral body.

Surgical technique

Biomechanical ideal trajectory

The following three points are essential for CBT to

achieve better fixation and clinical results: 1) maximization

of the thread contact with the cortical bone, 2) screw place-

ment sufficiently deep into the vertebral body to enhance the

holding power and effectively distribute the axial load, 3)

avoidance of impingement with the adjacent cranial facet

joint. A previous biomechanical study recommended the

ideal trajectory as follows: 1) screw insertion from a caudal

point, 2) cortical bone contact within the lamina, 3) passing

the inferior border of the pedicle, 4) toward the posterior

third to the posterior half of the superior vertebral endplate,

and 5) following a 25-30° cranially and 10° laterally di-

rected path (Fig. 5A, B)18). Contrary to the original CBT

technique reported by Santoni et al. using 25-30-mm length

screws7), the ideal trajectory extends deeper into the vertebral

column using 35-40-mm length screws (Fig. 5C)18). Special

attention should be paid to this narrow bony channel; there-

fore, the use of intraoperative image guidance is useful for

achieving the correct trajectory and reducing the risk of neu-

ral injury by the inferomedial pedicle wall breach. Although

the CBT technique may require more radiation exposure

than the TT technique during screw placement, CBT screws

can be inserted accurately and safely with sufficiently short

fluoroscopic time (less than five seconds per screw).

Surgical procedure

A midline incision is made at the affected level in a prone

position. The paraspinal muscles are dissected and retracted

to the point exposing the lateral borders of the pars interar-

ticularis, preserving the supra/interspinous ligaments, and
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Figure　5.　Illustrations demonstrating the ideal trajectory.

The ideal CBT starts at a caudal point of the pars interarticularis, follows a 25-30° cranially and 10° laterally-directed path 

through the inferior border of the pedicle, and ends up at the posterior third to the posterior half of the superior vertebral end-

plate (A, B). Contrary to the original CBT, the ideal CBT extends deeper into the vertebral column (C).

Figure　6.　Creation of the starting point.

A, Exposure of lateral borders of the pars interarticularis preserving the superior adjacent facet joint 

(arrowhead)

B, Creation of the starting points using a 2-mm high-speed round burr

avoiding the exposure of facet joints adjacent to the fused

segment. The spinous process is partially resected to achieve

the appropriate lateral angulation for the trajectory.

Screw hole creation is preferred before the decompression

procedure to achieve an ideal trajectory and avoid excessive

bone resection. After direct visualization of the par interar-

ticularis (Fig. 6A), small divots (four divots for one segmen-

tal fusion) at the starting point are made using a 2-mm high-

speed round burr drill under true anteroposterior fluoro-

scopic guidance (Fig. 6B). These points correspond to a 5 or

7 o’clock orientation in the pedicle. Since the spur forma-

tion and hypertrophy of the cranial facet joint can overhang

to the pars interarticularis in cases with severe facet degen-

eration, selection of lower entry point, as much as possible,

is desirable to avoid damage to the adjacent mobile seg-

ment11). Following this, the screw paths are made under true

lateral fluoroscopic guidance to be directed 25-30° cranially

along the inferior border of the pedicle toward the posterior

third to posterior half of the superior endplate, using the

burr and a straight probe (Fig. 7). The starting point is at the

laminar slope as it inclines cranially; thus, surgeons should

prevent slippage toward the cranial side during the proce-

dure, which may induce unintentional cranial facet joint vio-

lation by the screws11). Because the starting points are lo-

cated around the medial border of the pedicle, a lateral an-

gle of 10° is sufficient to avoid the risk of central neural in-

jury. Special care should also be taken to check the trajec-

tory and not breach the inferomedial border of the pedicle,

which is close to the exiting nerve root. A desirable screw

path length is 30-35 mm, not penetrating the superior end-

plate or lateral wall of the vertebral body. Bi-cortical fixa-

tion is not preferred to avoid potential injury to the superior

adjacent intervertebral disk and the lumbar plexus traversing

the lateral vertebral body. Following confirmation of the cor-

rectness of the screw path by palpation with a pedicle

sounder, short L-shaped wires are placed to mark the screw

paths (Fig. 8).

Posterior decompression should be performed before

screw insertion because a medial position of the screw head

will interfere with appropriate decompression and interbody

work. During the decompression procedure, it is important

to preserve a safe distance of at least 5 mm between the

previously created pilot hole and margin of bony resection

to avoid pars fracture, which leads to immediate fixation

failure (Fig. 9). Then, two interbody cages with an autograft

are placed as anteriorly as possible to withstand axial load-

ing.

The screw paths are tapped line to line relative to the di-
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Figure　7.　Creation of the screw path.

The Screw path is made under lateral fluoroscopic guidance toward the posterior third to posterior 

half of the superior endplate, using the burr (left) and a straight probe (right).

Figure　8.　Short L-shaped markers on the anteroposterior view (left) and lateral view (right).

ameter of the planned screw to prevent cortical fissures at

the pars/pedicle during screw insertion. The screw length is

determined by the measured path length plus 5 mm, because

the screw is inserted at a depth not to impinge the screw

head on the dorsal lamina in order to avoid both cranial

facet joint violation and the “hubbing” phenomenon11,40,41).

The standard screw size was 5.5 mm in diameter (4.5 mm

for the upper lumbar vertebra) and 35-40 mm in length.

Needless to say, the saddle position of the screw head de-

cided the rod placement; thus, the use of screws with a

polyaxial head is necessary (Fig. 10A)41).

Lastly, rods are connected to the screw heads under com-

pression force between the screws to fix in lordotic align-

ment. Surgeons usually have to use a fixed-type crosslink

connector, not a variable-type connector, due to the short

distance between two bilateral rods. Care should be taken to

place the bilateral rods in parallel positions for easier con-

nection (Fig. 10B).

Recent clinical evidence

Radiological prospect

Pedicle screw loosening is caused when the loading

weight overwhelms the fixation strength at the bone-screw

interface. Several authors have reported a lower incidence of

screw loosening of CBT due to the reliable purchase of cor-

tical bone42-44), although other studies have reported opposite
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Figure　9.　Screw hole and the bony margin.

A safe distance of at least 5 mm between the created 

screw hole (arrow head) and margin of bony resection 

(interrupted curve) is mandatory to avoid pars frac-

ture.

Figure　10.　Screw placement and final construct.

A: Screw placement

B: Final construct with rods and a crosslink connector

results45,46). Because multiple factors, such as the pathology,

bone quality, screw size, screw trajectory, strength of ante-

rior column support, and fusion procedure, are related to the

occurrence of screw loosening, these results should be inter-

preted with caution. A further study is needed to completely

elucidate this topic.

For successful clinical results, the screw-rod construct

must maintain stability until bony arthrodesis is appropri-

ately achieved. Lee et al. first reported a prospective com-

parative study between the CBT and TT technique on per-

forming the single-level posterior lumbar interbody fusion

(PLIF) procedure43). There was no significant difference in

the bony fusion rate during a one-year follow-up (CBT vs.

TT: 92 vs. 87%). Kasukawa et al. also showed that the fu-

sion rate using the CBT technique (91%) was not signifi-

cantly different when compared with that using the TT tech-

nique via the Wiltse approach (83%) or percutaneous ap-

proach (100%)47). These studies demonstrated satisfactory re-

sults; however, the sample size was small and various kinds

of lumbar pathologies were included. More precisely,

Sakaura et al. conducted a retrospective comparative study

of 177 patients who underwent PLIF for degenerative lum-

bar spondylolisthesis (95 patients by the CBT technique vs.

82 controls by the TT technique) during a 3-year postopera-

tive follow-up48). The fusion rate with the CBT technique

was lower than that with the TT technique, although the dif-

ference was not significant (CBT vs. TT: 88 vs. 96%). The

authors suggested that micromotion during torsional loading

might lead to the lower fusion rate associated with the CBT

technique, and proposed the use of a transverse connector to

increase spinal construct stiffness.

In addition, the capacity of vertebral slip reduction is an-

other concern for surgeons to manage patients with degen-

erative lumbar spondylolisthesis. CBT screws have to be in-

serted after interbody work; therefore, the correction proce-

dure involving the anteroposterior directional force is per-

formed in the setting of previously placed interbody cages.

As a consequence, some friction must occur between the

vertebral endplate and interbody cage surface, and this in-

hibits transmission of the corrective force on lifting the

slipped vertebra. In spite of this adverse effect on the surgi-

cal procedure, Mori et al. reported excellent radiologic out-

comes with a 2-year-follow-up. The mean preoperative

%slip (23%) was significantly reduced immediately after

surgery (2.7%), and the reduction was maintained well until
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the final follow-up (3.8%)49). Takata et al. reported a similar

result in the treatment of L4 spondylolisthesis (preoperative

%slip: 20%, postoperative %slip: 4/5%)50). These satisfactory

outcomes may have been due to the advantage of the strong

anteroposterior pullout resistance of CBT screws.

Clinical prospect

The advantage of the CBT technique is that spinal de-

compression, interbody fusion, and screw insertion are pos-

sible with only one limited midline approach, which is fa-

miliar to spinal surgeons. So, this technique has gained in

popularity and facilitated reductions in approach-related soft

tissue injury, the operative time, blood loss, perioperative

complication rates, postoperative pain, and a shorter hospital

stay10,42,43,47,51,52). More interestingly, a recent study showed a

lower incidence of symptomatic adjacent segment disease

(ASD) after PLIF using the CBT technique compared with

that using the TT technique based on a three-year follow-up

(CBT vs. TT: 3.2 vs. 11%, p<0.05)48). Since the development

of ASD is one of the major problems requiring additional

surgical treatment, reduction in the incidence of ASD is a

meaningful advantage using CBT. The CBT technique may

become a standard fusion procedure not only to achieve bet-

ter short-term clinical outcomes but also to prevent fusion

disease in the future.

Conclusions

Many biomechanical and clinical studies demonstrated

that the CBT technique can offer several benefits over the

TT technique. This technique has been developed as an at-

tractive alternative to the TT technique for lumbar spinal fu-

sion in all patients; however, comparative clinical studies are

still lacking. More studies should focus on long-term clinical

and radiological outcomes to further elucidate the utility of

the CBT technique.
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