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Abstract 
Posterior lumbar interbody fusion (PLIF) is a common surgical procedure and 
widely used in the treatment of lumbar degenerative disc disorders. Tradition-
ally, posterior lumbar interbody fusion is done by using the traditional pedicle 
screw (PS) which offers great advantages, but at the same time it has some dis-
advantages which include the risk of superior facet joint violation and muscle 
damage. Recently, an alternative method of screw insertion via cortical bone 
trajectory (CBT) has been invented which has less invasive process and can be 
placed without the drawbacks associated with the traditional pedicle screw. 
However, it has to remain an interest whether CBT will provide similar or 
greater clinical outcomes compared to PS in PLIF. So the main aim of this re-
view is to compare the clinical outcomes of cortical bone trajectory and tradi-
tional pedicle screw fixation in posterior lumbar interbody fusion based on the 
articles published on this topic. Compared to the traditional pedicle screw fixa-
tion, PLIF with CBT has similar clinical outcome based on pain intensity, ODI 
status and JOA score, as well as similar fusion rate and radiological evaluated 
complication such as loosening of screw. In addition PLIF with CBT has ad-
vantages of less facet joint violation, less blood loss, less intraoperative muscle 
damage and perioperative pain. On the basis of this study, we can suggest that 
PLIF with CBT can be considered as a reasonable alternative to PS in PLIF. 
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1. Introduction 

The posterior lumbar interbody fusion is the lumbar fusion technique in which 
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the disc space is exposed from the posterior approach similar to that used in a 
discectomy and fusion is performed by directly grafting the intervertebral disc 
[1]. The posterior lumbar interbody fusion (PLIF) technique has become the 
integral part among the spine surgeon in these modern days. This technique 
was performed routinely by only few surgeons due to its technical difficulties 
[2] [3]. In recent days PLIF surgery with the pedicle screw (PS) is used to treat 
certain lumbar pathologies such as spondylolisthesis, spinal disc herniation, 
spinal disc degeneration and the spine instability [4] [5] [6]. PLIF with PS has 
become the irreplaceable technique in the fusion surgery for the lumbar pa-
thologies due to its numerous advantages [7] [8] [9]. The traditional insertion 
pathway for pedicle screws involves a transpedicular lateral to medial trajecto-
ry with the initial insertion point at the junction of the transverse process and 
lateral wall of facet [10]. However, the use of PLIF with PS include the risk of 
violation of superior facet joint in course of screw placement, the long incision 
length, iatrogenic muscle damaged due to PS insertion point and persistent 
postoperative low back pain [11] [12]. In spite of lack of alternative technique, 
spine surgeon has continued using PLIF with PS even though it has certain 
drawbacks. However, advances in the spine surgery and a more general trend 
towards the adoption of less invasive procedure have led to the development of 
new and innovative techniques, which aim to achieve spinal fixation while 
causing less damage to surrounding tissues [13] [14]. 

In 2009, Santoni et al. reported cortical bone trajectory (CBT) as a new al-
ternative technique for inserting the pedicle screw in the lumbar spine to ob-
tain the more solid fixation. The screws followed a lateral path in the axial 
plane and caudocephalad path in the sagittal plane in cortical bone trajectory 
(CBT). Their study on cadaver demonstrated that the new cortical trajectory 
and screw design had equivalent pullout and toggle characteristics and that 
30% uniaxial yielded pullout in comparison to the traditional pedicle screw 
[15]. In contrast to the traditional pedicle screw fixation, CBT screws do not 
penetrate the vertebral body trabecular space [15]. Several biomechanical stu-
dies have also reported the insertional torque of cortical screw (CS) is greater 
than the pedicle screw and has similar results in terms of other biomechanical 
properties [16] [17] [18] [19]. Since the cortical screw is inserted at the junc-
tion of the superior articular process and pars, it limits the incision length of 
superior facet joint and reduces the damage of paraspinal muscle [20]. Some of 
the studies [21] [22] [23] have shown that the use of CBT has more benefits 
than the use of PS and other studies [24] [25] [26] have different outcomes. 
However, it is still unclear whether to use CBT or PS technique as gold stan-
dard for the treatment of the lumbar pathologies. So, in this review we tried to 
compare the clinical outcome of posterior lumbar interbody fusion (PLIF) us-
ing the CBT technique and PLIF using the traditional PS technique based on 
the articles published on this topic. 
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2. Surgical Technique 
2.1. CBT Technique 

In cortical bone trajectory technique a posterior midline skin incision is made at 
the fusion level. Then the paraspinal muscle and lamina at the fusion segment is 
elevated. Dissection of facet joint at the level of the fusion segment is done but 
the facet joint one level above the fusion segment is not dissected to achieve the 
minimal invasiveness [27]. Decompression was achieved by laminectomy or fa-
cectectomy. Then the intervertebral disc is removed and polyetheretheketone 
cage packed with the bone graft is inserted on the space. The residual bone grafts 
are inserted lateral to the cage [28]. Then the screw is inserted at the junction be-
tween the lateral pars interarticularis and superior articular process (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 7 o’clock orientation in the right pedicle) 
and rod are fixed [29] [30]. The cephalad screw is directed in a caudal to cephalad 
in the sagittal plane and medial to lateral in the axial plane [15] (Figure 1). 

2.2. Traditional PS Fixation Technique 

In case of conventional PS technique the posterior midline skin incision (larger 
than in CBT) is made at the fusion level. Then the paraspinal muscle and facet 
joints are incised including the facet joint 1 level above the fusion level is also 
exposed [27] [28]. The decompression and the placement of the polyethereke-
tone cage with the bone grafts are done same as in CBT technique. The pedicle 
screw is inserted at the junction between the mid transverse process and lateral 
aspect of superior facet joint and the rod are fixed [31] [32]. The pedicle screw is  

 

 
Figure 1. Plain radiograph showing anteroposterior and lateral view in CBT group (im-
age taken from Zhongda Hospital). 
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directed in a lateral to medial trajectory through the pedicle and vertebral body 
[30] [33] (Figure 2). 

3. Clinical Evaluation 

There are various methods used for the clinical evaluation in the treatment of 
the lumbar pathologies using the fusion surgery. Generally the clinical evalua-
tion is done by using the Visual analog scale (VAS score), Oswetry disability in-
dex (ODI score) and Japanese orthopedic association score of low back pain 
(JOA score). 

3.1. Visual Analog Scale (VAS Score) 

A visual analog scale is a measurement instrument for the subjective characteris-
tic or attitude which cannot be directly measured and is believed to range be-
tween a continuum of values. VAS usually has a horizontal line, 100 mm in 
length with word descriptor anchored by no pain (score 0) and the worst im-
aginable pain (score 100). The patient is asked to mark on the line the point they 
feel which represent their perception of pain and categorized as no pain, mild 
pain, moderate pain or severe pain [34]. 

3.2. Oswetry Disability Index (ODI Score) 

The oswetry disability index (also known as the oswetry low back pain disability 
questionnaire) is an important tool used by the clinicians and researchers to 
measure the patient’s permanent functional disability for the low back pain. It is 
considered as the gold standard for degree of disability in person with low back  

 

 
Figure 2. Plain radiograph showing anteroposterior and lateral view in PS group (image 
taken from Zhongda Hospital). 
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pain [35]. Questionnaire examines perceived level of disability in 10 everyday 
activities of daily living which include intensity of pain, lifting, ability to care for 
oneself, ability to work, ability to sit, sexual function, ability to stand, social life, 
sleep quality and ability to travel [36]. Then each category is followed by 6 
statements which are scored from 0 to 5. The statement being zero indicates the 
least amount of disability and the scored 5 indicate the most severe disability 
[36]. The scores for all questions answered are summed, then multiplied by two 
to obtain the index which ranges from zero (no disability) to 100 (maximum disa-
bility possible). Then it is categorized as minimal disability (0 to 20), moderate 
disability (21 to 40), severe disability (41 to 60), Crippled (61 to 80) and the pa-
tient that are either bed bound or exaggerating their symptoms (81 to 100) [36]. 

3.3. Japanese Orthopedic Association (JOA) Score  
for Low Back Pain 

In 1986 the Japanese orthopedic association developed and brought the specific 
measures for the evaluation of the low back pain back called JOA score. It has 
been widely used to evaluate the clinical status of different type of intervention 
in patients with the low back pain [37]. The JOA score for the low back pain in-
clude the assessment of the subjective symptoms (low back pain, leg pain and/or 
tingling, gait), clinical signs (leg raising test, sensory disturbance, motor deficit), 
restriction of daily living activities (turn over while lying, standing, washing, 
leaning forward, sitting, lifting or holding heavy object, walking) and urinary 
bladder function. The total JOA score for low back pain in healthy population is 
29 [38]. 

4. Review of Literature 

The reviews of various original articles were done focusing on posterior lumbar 
interbody fusion, cortical bone trajectory and traditional pedicle screw fixation 
method. The article search was done on different search engine such as 
PUBMED, SCOPUS, GOOGLE SCHOLAR and RESEARCH GATE by using the 
search word posterior lumbar interbody fusion, cortical bone trajectory, cortical 
screw, pedicle screw and traditional pedicle screw fixation (Figure 3). 

Around 80 articles related to the lumbar spine surgery were studied of which 
28 articles were extracted which were either related to PLIF, CBT or PS. Out of 
28 articles only 8 articles were extracted which were related to the comparison 
between the cortical bone trajectory and traditional pedicle screw fixation in 
PLIF. Among them 2 articles were excluded as they did not provide direct clini-
cal comparison between the CBT and PS in PLIF. Finally, we have 6 articles 
which focus on the comparison of clinical outcome between the CBT and PS in 
PLIF based on VAS score, ODI score or JOA score (Table 1). 

4.1. Lee, Son, Kim et al. 2015 [25] 

In this prospective, randomized, non-inferiority trial 79 patient were assigned to  
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Figure 3. Flowchart showing the article selection process included in the review. 

 
the group A (39 patients) for which PS was used and group B (40 patient) for 
which CS was used. In group B 2 patient was lost during follow up and only 38 
patients were qualified for the study. The similar fusion rate was found in both 
group (p = 0.81 and 0.61 respectively) at the 6 and 12 months follow up. The 
mean VAS score for the low back pain was 7.6 ± 3.1 pre operatively to 2.0 ± 0.1 
at postoperative 1 year in group A and from 7.7 ± 3.1 pre operatively to 2.1 ± 1.5 
at postoperative 1 year in group B (p = 0.38) which indicate no significant dif-
ference between the group. But the VAS score for the low back pain at postoper-
ative week one was 4.3 ± 2.1 for group A and 2.4 ± 1.3 for group B (p = 0.02) 
which indicate the significant difference. The VAS score for radiating pain also 
improved significantly on both groups, with mean score decreasing from 5.7 ± 
1.8 preoperatively to 1.1 ± 0.4 at postoperative 1 year in group A and from 5.9 ± 
1.3 to 1.2 ± 0.6 in group B but no significant difference between the two groups 
(p = 0.67). The mean ODI score was 36.5 ± 10.1 preoperatively to 11.0 ± 2.5 after 
one year of surgery in group A and from 35.1 ± 9.7 preoperatively to 10.5 ± 2.8 
after one year of surgery in group B. The ODI score was improved on both the 
groups but has no significant difference between the two group (p = 0.46). In 
terms of operative time, intraoperative blood loss and incision length, group B 
had better outcome than group A. Facet joint violation occurred in 7 of 39 pa-
tients (18%) in group A and 0 of 38 patient in group B which shows significant 
difference between the groups (p < 0.01). Malpositioned screw was seen on 2  
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Table 1. Summary of clinical outcome of the included study. 

Source and 
publication year 

Year of study Study design No. of patient 
Follow-up 

Clinical evaluation based on VAS score, ODI 
score and JOA score. 

Conclusion 

CBT PS 

Lee, Son, Kim et al. 
(2015) 

_ Prospective 
study 

38 39 

1 year 

VAS score for the low back pain and radiating 
pain was decreased from 7.6 ± 3.1 and 5.7 ± 1.8 
preoperatively to 2.0 ± 0.1 and 1.1 ± 0.4 
postoperative in PS group and from 7.7 ± 3.1 
and 5.9 ± 1.3 preoperatively to 2.1 ± 1.5 and 1.2 
± 0.6 at postoperative in CBT group (p = 0.38) 
for back pain and p = 0.67 for radiating pain). 
ODI score was decreased from 36.5 ± 10.1 and 
35.1 ± 9.7 preoperatively to 11.0 ± 2.5 and 10.5 
± 2.8 postoperative in PS group and CBT group 
respectively (p = 0.46). But the VAS score for 
the low back pain at postoperative week one 
was 4.3 ± 2.1 for PS group and 2.4 ± 1.3 for 
CBT group (p = 0.02). 

Both the ODI 
score and VAS 
score showed no 
significant 
difference 
between the two 
groups. However 
VAS score for low 
back pain at 
postoperative 
week 1 is 
significantly low 
in CBT group. 

Sakura, Miwa, 
Yamashita et al. 
(2016) 

Since Nov 
2011 for CBT 
group and 
before Oct 
2011 for PS 
group 

Cohort study 95 82 

35 months 
(CBT 

group) 40 
months 

(PS group) 

There was significant improvement in the JOA 
score from 13.7 preoperative to 23.3 
postoperative final follow up in CBT group 
(mean recovery rate 64.4%) in comparison with 
14.4 points before operation to 22.7 points at 
latest follow up in PS group (mean recovery 
rate 55.8%, p < 0.05). 

There was no 
significant 
difference 
between the JOA 
score between 
two groups; 
however recovery 
rate is higher in 
CBT group. 

Hung, Wu, Kao  
et al. (2016) 

May 2013-Jan. 
2014 

Retrospective 
study 

16 16 

18 months 

VAS score for the back pain and leg pain was 
6.87 ± 1.26 and 7.60 ± 2.06 preoperative to 1.25 
± 0.96 and 0.05 ± 0.55 postoperative in CBT 
group and 6.67 ± 2.87 and 7.60 ± 2.06 
preoperative to 1.08 ± 1.11 and 0.15 ± 0.55 
postoperative follow up in PS group. ODI score 
was 31 ± 4.95 preoperative to 5.5 ± 1.71 
postoperative follow up in CBT group and 
26.16 ± 8.92 preoperative to 5.84 ± 4.43 
postoperative follow up in PS group. The JOA 
score was 11 ± 4.24 to 27 ± 2.16 (recovery rate = 
76.20%) in postoperative follow up in CBT 
group and 17.64 ± 8.30 to 25.77 ± 1.92 
(recovery rate = 67.21%) in PS group. 

The VAS Score 
for back and leg 
pain, ODI score 
and JOA score 
improved in both 
groups 
postoperatively 
but showed no 
significant 
difference 
between the two 
groups. 

Lee and Ahn 
(2017) 

_ Prospective 
randomized 
study 

35 37 

2 years 

VAS score for low back pain and radiating pain 
decreased from 7.6 ± 3.1 and5.7 ± 1.8 
preoperatively to 2.9 ± 1.1 and 1.8 ± 0.6 1 at 2 
year postoperatively in PS group and from 7.7 ± 
3.1 and 5.9 ± 1.3 to 2.7 ± 0.8 and 1.3 ± 0.7 in 
CBT group (p = 0.67 for back pain and p = 0.35 
for radiating pain). The mean ODI score was 
also improved on both group from 36.5 ± 10.1 
to 13.6 ± 4.9 at 2 year postoperatively in PS 
group and from 35.1 ± 9.7 preoperatively to 
11.8 ± 6.2 at 2 years postoperatively in CBT 
group. 

The VAS Score 
for back and leg 
pain as well as 
ODI score 
improved in both 
groups 
postoperatively 
but showed no 
significant 
difference 
between the two 
groups. 
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Continued 

Marengo, Ajello, 
Pilloni et al. (2017) 

Jan 2015 to 
Mar 2016 

Prospective 
cohort study 

20 20 1 year VAS score for lower back pain was significantly 
decreased from 8.6 (SD1.19) preoperatively to 
1.95 (SD1.47) postoperative in CBT group and 
8.25 (SD1.27) preoperatively to 2.85 (SD1.31) 
postoperative in PS group (p < 0.001). At final 
follow up the mean ODI score in CBT group 
was decreased from 68% ± 37% to 9% ± 10% 
and from 58% ± 15% to 23% ± 9% in the PS 
group (p = 0.0150). 

Both the VAS 
score and the ODI 
score shows 
significantly 
lower in CBT 
group. 

Sakura, Miwa, 
Kuroda et al. 
(2018) 

Nov 2011 to 
Sept 2013 for 
CBT group 
and Aug 2009 
to Oct 2011 
for PS group 

Cohort study 22 20 39 months There was significant improvement on mean 
JOA score from 12.3 points preoperative to 21.1 
points (mean recovery rate 54.4%) on final 
follow up in CBT group compared to 12.8 
points pre-operative to 20.4 points (mean 
recovery rate 51.8%) on final follow up on PS 
group (p > 0.05). 

No significant 
difference was 
found in the JOA 
score before and 
after the surgery 
between the two 
groups. 

 
patients in group A on postoperative CT scan. There were no postoperative com-
plications for any patient; however, there was superficial wound infection at sur-
gical site on 1 patient in group A which was resolved after wound debridement. 

4.2. Sakura, Miwa, Yamashita et al. 2016 [28] 

Ninety five patient since November 2011 was undergone PLIF with CBT screw 
fixation for degenerative spondylolisthesis (CBT group) and 82 patient before 
October 2011 was undergone PLIF with the traditional PS fixation (PS group). 
There were 46 men and 49 women with mean age of 68.7 year in CBT group and 
36 men and 46 women with mean age of 67 years in PS group. The mean opera-
tive time was 123 ± 24 minutes in CBT group and 145 ± 33 minutes in PS group. 
The average blood loss was 205 ± 152 ml in CBT group and 204 ± 145 ml in PS 
group. There was significant improvement in the JOA score from 13.7 points 
preoperative to 23.3 postoperative final follow up in CBT group (mean recovery 
rate 64.4%) in comparison with 14.4 points before operation to 22.7 points at fi-
nal follow up in PS group (mean recovery rate 55.8%, p < 0.05). The solid spinal 
fusion was found in 84 out of 95 patients in CBT group (fusion rate 88.4%) and 
79 out of 82 patient in PS group (fusion rate = 96.3%). The fusion rate seemed to 
be higher on PS in comparison to CBT group but wasn’t statistically significant 
(p = 0.052). Three patients in CBT group (3.2%) and 9 patient in PS group 
(11.0%) developed symptomatic adjacent segment disease (ASD). All needed 
surgery for symptomatic ASD because of unresponsiveness to conservative 
treatment. Seven patients from CBT group (7.4%) and 8 patient from PS group 
(9.8%) developed early surgery related complication (such as dural laceration, 
hematoma, misplacement of screw and wound infection except ASD). There was 
no significant difference in the incidence of early surgery related complication 
among two groups. 
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4.3. Hung, Wu, Kao et al. 2016 [39] 

This is a prospective study with the 16 patients underwent PLIF with CBT and 
16 patients underwent conventional PLIF between the May 2013 and January 
2014. The patient follow up period was 18 months. The operation duration, 
intraoperative blood loss and hospital stay was 3.96 ± 1.05 hrs, 218.18 ± 78.33 ml 
and 5.19 ± 1.42 days respectively in CBT group and 4.43 ± 1.42 hrs, 272.50 ± 
78.08 ml and 5.81 ± 0.54 respectively in PS group which shows no significant 
difference between the two groups. The VAS score for the back pain was 6.87 ± 
1.26 preoperative to 1.25 ± 0.96 postoperative follow up in CBT group and 6.67 
± 2.87 preoperative to 1.08 ± 1.11 postoperative follow up in PS group. The VAS 
score for leg pain was 7.60 ± 2.06 preoperative to 0.05 ± 0.55 postoperative in 
CBT group and 7.60 ± 2.06 preoperative to 0.15 ± 0.55 postoperative in PS 
group. The mean ODI score was 31 ± 4.95 preoperative to 5.5 ± 1.71 postopera-
tive follow up in CBT group and 26.16 ± 8.92 preoperative to 5.84 ± 4.43 post-
operative follow up in PS group. The JOA score was 11 ± 4.24 to 27 ± 2.16 (re-
covery rate = 76.20%) in postoperative follow up in CBT group and 17.64 ± 8.30 
to 25.77 ± 1.92 (recovery rate = 67.21%) in PS group. The VAS score for back 
and leg pain, ODI score and JOA score improved in both groups postoperatively 
but showed no significant difference between the two groups. 

4.4. Lee and Ahn 2017 [40] 

Originally 79 patients were enrolled and divided into two groups (39 patients 
in group A with PS and 40 patients in group B with CS) and single level post-
erior lumbar interbody fusion was done. 7 patients were lost in the follow up 
and remained 72 patients (37 in group A and 35 in group B) were studied. It 
was prospective study with the follow up of 2 years. After 2 years of post-surgery 
the solid fusion were achieved in 35 of 37 patients (94.5%) in group A and 33 
of 35 patients (94.3%) in group B, which was not significant among the two 
group (p > 0.99). At the 2 year postoperative the mean VAS score for lower 
back pain was lower than the preoperative level in both group, with mean 
score decreased from 7.6 ± 3.1 preoperatively to 2.9 ± 1.1 at 2 year postopera-
tively in group A and from 7.7 ± 3.1 to 2.7 ± 0.8 in group B (p = 0.67. The 
mean VAS score for radiating pain also decreased from 5.7 ± 1.8 preoperative-
ly to 1.8 ± 0.6 1 year postoperatively in group A and from 5.9 ± 1.3 to 1.3 ± 0.7 
in group B (p = 0.35). The mean ODI score was also improved on both groups 
from 36.5 ± 10.1 to 13.6 ± 4.9 at 2 year postoperatively in group A and from 
35.1 ± 9.7 preoperatively to 11.8 ± 6.2 at 2 years postoperatively in group B. 
But there was no significant difference between the two groups. The sign of 
screw loosening was observed (19%) in group A and 4 of 35 patients (11.4%) 
in group B (p = 0.51) on CT evaluation at 2 year. At 2 years follow up, 8 of 37 
patients (21.6%) in the PS group and 4 of 35 patients (11.4%) in CS group was 
found with recurrent radiating pain to the lower extremity with no significant 
difference between the two groups. 
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4.5. Marengo, Ajello, Pilloni et al. (2018) [41] 

In this study 40 patients with mono segmental degenerative disease were treated 
from January 2015 to March 2016 by dividing into two groups (20 patients went 
to PLIF with CBT and 20 patients went to PLIF with PS). The prospective study 
was done with the follow up for one year. After one year of surgery, solid fusion 
was achieved in 18 out of 20 patients (90%) in the CBT group and in 17 out of 20 
patients (85%) in the PS group. However the difference in the fusion rate was 
not significant (p = 0.3292). The mean VAS score for lower back pain was sig-
nificantly decreased from 8.6 (SD 1.19) preoperatively to 1.95 (SD 1.47) at 1 year 
postoperatively in CBT group and 8.25 (SD 1.27) preoperatively to 2.85 (SD 
1.31) at 1 year postoperatively in PS group (p < 0.001). The difference of VAS 
score between the two group was also significant (p = 0.0160). At one year post-
operatively, the mean ODI score in CBT group was decreased from 68% ± 37% 
to 9% ± 10% and from 58% ± 15% to 23% ± 9% in the PS group. The ODI score 
at one year postoperatively was found to be significantly different between the 
two groups (p = 0.0150). In surgical morbidities there was no significant differ-
ence between the two groups in terms of operative time and radiation dose area 
product (p = 0.0993 and p = 0.6913 respectively). However, in terms of mean 
blood loss and length of hospital stay there was significant difference between 
the two groups (p = 0.0392 and 0.0413 respectively). There were 3 cases of screw 
malpositioning in both groups without neurological complication and one case 
with superficial wound infection which is treated with antibiotic therapy 

4.6. Sakura, Miwa, Kuroda et al. (2018) [42] 

Between the November 2011 and September 2013, 22 patients were undergone 
2-level PLIF with CBT screw fixation for 2 level DS (CBT group) and between 
august 2009 and October 2011, 20 patients were undergone 2-level PLIF with 
traditional PS fixation for 2-level DS (PS group). The mean operative time and 
the blood loss during surgery were 192 ± 30 minutes and 495 ± 386 ml in CBT 
group and 218 ± 49 minutes and 612 ± 424 ml in PS group respectively (p < 0.05 
and p > 0.05 respectively). There was significant improvement on mean JOA 
score from 12.3 points preoperative to 21.1 points (mean recovery rate 54.4%) 
on final follow up in CBT group compared to 12.8 points pre-operative to 20.4 
points (mean recovery rate 51.8%) on final follow up on PS group (p > 0.05). 
The solid fusion was found on 40 off the 44 segments (fusion rate 90.9%) in CBT 
group and 38 off the 40 segments (fusion rate 95.0%) in the PS group (p > 0.05). 
Two patients in the CBT group (9.1%) and 4 patients in the PS group (20.0%) 
developed ASD. Perioperative complication (such as dural laceration, misplace-
ment of screw, symptomatic hematoma and delayed wound healing) was seen on 
2 patients (9.1%) in CBT group and 3 patients (15.0%) in the PS group. 

5. Discussion 

Divergent, CBT screw technique has been regarded as novel lumbar PS fixation 
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method [15]. The insertion torque during CBT screwing in vivo is 1.71 times 
higher than that of traditional pedicle screwing as reported by Matsukawa et al. 
[16]. CBT is known to have several advantages over the limitation of traditional 
pedicle screw fixation method. CBT has caudomedial starting point which leads 
to the less invasive posterior lumbar fusion surgery by reducing the length of in-
cision and dissection of parspinal muscle. Moreover using the caudomedial start-
ing point and caudocephalad and mediolateral directed path of screw also pre-
vent superior facet joint violation and dural injury [14] [21] [29] [43]. In terms 
of pullout strength and stability biomechanical studies has demonstrated that the 
CS has equivalent or superior property compared to the PS [18] [19] [20]. Sever-
al short term clinical studies have been conducted which compare the clinical 
outcomes between the CBT and PS. 

One of the important concern for the PS is the risk of superior articulating fa-
cet violation during the screw placement and another is the need of long incison 
length and muscle dissection due to very lateral to midline entry of PS, at the 
lateral wall of pedicle [7] [44] [45] [46]. Previous studies have shown that supe-
rior facet joint violation during PS placement is 4% to 24% in the open surgery 
and 11% to 100% in percutaneous surgery [7] [46]. Lee et al. and Marengo et al. 
also reported that the facet joint violation was more in the PS group than in the 
CBT group [25] [41]. 

Fusion rate is considered as one of the most important factors in the evalua-
tion of the safety and efficacy of CBT in PLIF surgery and influence the post-
operative clinical outcomes and patient satisfaction. Most of the studies showed 
similar fusion rate in both the groups at 6 month and the final follow up. How-
ever, Sakura et al. have reported the lower fusion rate in CBT group than in the 
PS group although the difference was not significant (p > 0.05). They used un-
usual entry point for the CBT to minimize the skin incision caudally and starting 
point was articular surface of the superior articular process which is the possible 
trajectory with some merit but has not been confirmed definitely regarding its 
strength and safety [28] [42]. Some recent paper has revealed that using CBT in 
lumbar fusion surgery may produce slightly lower fusion rates in comparison 
with PS but no significant difference between the rates [22] [29] [47] [48]. 

In terms of clinical outcome pain intensity was evaluated by using the VAS 
score. Hung, Weng et al. and Lee and Ahn saw decrease in back pain and ra-
diating pain in both CBT and PS group and there was no significant difference 
between the group at final follow-up (p > 0.05) [39] [40]. Marengo et al. de-
scribed there is significant decrease in back pain in both the group postopera-
tively but noted that PS group has significantly higher VAS pain score at dis-
charge (5.55 vs. 4.7, p = 0.0471) and 1 year follow up (2.85 vs. 1.95, p = 0.0160) 
[41]. Lee, Son et al. have found that the VAS score for lower back pain at post-
operative week one is significantly lower in the CBT group in comparison to the 
PS group. This may be due to the smaller incision size, decreased disruption of 
muscle attachment and soft tissue dissection in CBT group [25]. However, most 
of the literature has suggested that the CBT technique has similar decreased pain 
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level in comparison to the traditional PS technique. Disability was evaluated by 
using the ODI score. Lee, Son et al., lee and Ahn and Hung, Weng et al. reported 
that the mean ODI score had improved on both the groups postoperatively in 
comparison to the preoperative score but showed no significant difference be-
tween the two groups [25] [39] [40]. However, Marengo et al. described there 
was significant decrease in ODI score in both the group postoperatively but 
noted that PS group had significantly higher ODI score at discharge (40% ± 8% 
vs. 30% ± 22%, p = 0.04) and 1-year follow-up (23% ± 9% vs. 9% ± 10%, p = 
0.0150). This may be due to small skin incision and less muscle dissection 
needed to gain the screws’ entry point [41]. Sakura et al. (2016) and Hung, Weng 
et al. further evaluated the treatment of lower back pain by using JOA score. All 
of the studies reported that the JOA score had improved on both the groups 
postoperatively in comparison to the preoperative score but showed no signifi-
cant difference between the two groups. The improvement of JOA score on both 
CBT and PS group indicate the better quality life in patient with the back pain 
[28] [39] [42]. 

Operative time is an important factor of evaluating the surgical technique as 
prolonged operative duration results in higher rate of intraoperative outcomes, 
postoperative complication and higher rate of infection. Most of the studies have 
shown that there is no significant difference between the two groups in terms of 
operative time. However, Sakura et al. and Lee et al. demonstrated the significant 
finding in that PS procedures were longer in duration than the PLIF performed 
via CBT (p < 0.05) [25] [28] [42]. 

Blood loss can be considered as the important factor in assessing the different 
technique due to its impact on postoperative mortality. Lee, Son et al. and Ma-
rengo et al. have shown that CBT group has less blood loss than PS group and 
has significant difference between the two groups (p < 0.05) [25] [41]. However, 
all the other studies has revealed that CBT group has less blood loss than the PS 
group but no significant difference between the two groups. Overall finding 
shows that there is less blood loss in CBT approach than the PS approach so 
might be helpful in choosing the surgical technique for lumbar fusion in the sur-
gically high risk patient [28] [39] [40] [42]. All the studies have shown that there 
is no difference in the intraoperative complications (dural tear, misplacement of 
pedicle screw) between the two groups. However postoperative complication 
(wound and other problems) was lower in CBT group than PS group. Wound 
problem (infection or hematoma) may be due to the longer and wider dissection 
needed for PS fixation and other problems (implant migration, loss of reduction, 
ASD and osteolysis) could be due to facet joint violation due to PS fixation [25] 
[28] [40] [41] [42]. 

6. Conclusion 

In summary, both the groups have similar clinical outcome based on pain inten-
sity (VAS score), disability status (ODI score) and JOA score as well as radiolog-
ical evaluated complication such as loosening of screw. In terms of fusion rate 
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there was similar result between the two groups; however, some studies showed 
lower fusion rate in CBT group than in PS group but the difference was not sta-
tistically significant. Moreover, PLIF with CBT has additional advantages of less 
facet joint violation, less blood loss, less intraoperative muscle damage and peri-
operative pain. On the basis of these result this review suggests that CBT pro-
vides similar clinical outcomes compared to the PS in PLIF and can be consi-
dered as a reasonable alternative to PS in PLIF. 
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Abbreviation 

PLIF: posterior lumbar interbody fusion 
CBT: cortical bone trajectory 
PS: pedicle screw 
CS: cortical screw 
VAS: Visual Analog Scale 
ODI: Oswestry Disability Index 
JOA: Japanese Orthopedic Association 
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