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Abstract

Purpose To compare the clinical efficacy and safety between cortical bone trajectory (CBT) and pedicle screw (PS) in
posterior lumbar fusion surgery.

Methods Five electronic databases were used to identify relevant studies comparing the clinical efficacy and safety between
CBT and PS. The main outcomes were postoperative fusion rates and complication (especially in superior facet joint viola-
tions, symptomatic ASD, wound infection, dural tear, screw malposition and hematoma). The secondary results included
operation time, intraoperative blood loss, length of hospital stay, incision length, ODI, VAS, JOA score, JOA recovery rate,
patients’ satisfaction and health-related quality of life.

Results The outcomes showed that there was no significant difference in terms of fusion rate (p =0.55), back and leg VAS
score (p>0.05), JOA score (p=0.08) and incidence of reoperation (p =0.07). However, CBT was superior to PS with
Oswestry Disability Index (ODI) (p =0.02), JOA recovery rate (p < 0.00001) and patients’ satisfaction (p =0.001). In addi-
tion, CBT was superior to PS with significantly lower incidence of superior facet joint violation and symptomatic ASD.
However, there was no significant difference regarding wound infection (p > 0.05) and screw malposition (p >0.05). CBT
group required significant shorter operation time, less blood loss, shorter incision length and shorter length of hospital stay
in comparison with PS group (p <0.05).

Conclusions Both CBT and PS achieve similar, fusion rate and revision surgery rate. Furthermore, CBT is superior to PS
with lower incidence of complications, shorter operation time, less blood loss, shorter incision length and shorter length of
hospital stay.
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Introduction

Pedicle screw (PS) fixation is the current major technique
for posterior spinal fusion. It has been widely used in the
treatment of various lumbar pathologies, such as lumbar
stenosis, spondylolisthesis and lumbar instability due to
its good biomechanical stability [1-4]. But several draw-
backs of PS, including the risk of superior facet joint vio-
lation, extensive muscle injury and lack of purchase in
osteoporotic patients, have also been pointed out [5-8].
More recently, there has been a rise in the use of cortical
bone trajectory (CBT), first reported by Santoniet et al.
[9], in which screws followed a medial-to-lateral path in
the transverse plane and a caudal-to-cephalad path in the
sagittal plane through the pedicle. CBT improved pullout
strength by maximizing thread contact of the screw with
the cortical bone of the vertebrae. CTB placement is the
more favorable procedure compared with PS placement,
because of less lateral muscle dissection, a shorter incision
length and a more medially located entry point.

Multiple biomechanical studies have shown that the
CBT technique provided higher pullout strength, higher
insertional torque and similar stability of the screw-rod
construct compared to the traditional pedicle screw fixa-
tion [10-14]. Several clinical studies have demonstrated
that CTB provided similar clinical outcomes, less multi-
fidus muscle damage and lower surgical complication as
compared to PS [15-19]. Other studies, however, hold the
opposite outcomes [20-22]. So far, both CBT and PS are
used in posterior lumbar fusion and it remains uncertain
for which is the better operative technique. We therefore
performed a systematic review and meta-analysis to evalu-
ate the clinical efficacy and safety between CBT and PS in
posterior lumbar fusion surgery.

Materials and methods
Search strategy and study selection

A comprehensive literature search was performed via fol-
lowing databases: PubMed, EMBASE, Cochrane library,
Web of science and Ovid databases. The retrieval time is
from January 2009 to June 2018 without language restric-
tion. We located studies with the following search terms:
cortical bone trajectory, CBT, cortical screw, CS, pedicle
screw, PS and lumbar.

Inclusion criteria

The following inclusion criteria were used: (1) a rand-
omized controlled trials (RCTs) or prospective and ret-
rospective studies which compared CBT screw fixation
with PS fixation in posterior lumbar fusion; (2) provided
sufficient information regarding clinical efficacy and
the safety of CBT and PS; (3) outcome measurements
included at least one of the following indicators: opera-
tion time, intraoperative blood loss, length of hospital stay,
incision length, fusion rates, complications, back and leg
pain visual analog score (VAS), Oswestry Disability Index
(ODI) and Japanese Orthopaedic Association (JOA).

Exclusion criteria

(1) Duplicate publications, (2) insufficient outcomes
regarding clinical efficacy and the safety of CBT and PS,
(3) systematic reviews, meta-analysis, case reports, edi-
torials, letters, cadaveric studies, vitro studies and animal
experiments were excluded.

Data extraction

The data were extracted independently by two reviewers
from the inclusive studies. Any dispute was resolved by
discussion or by involving a third reviewer. The follow-
ing information was extracted from each study: (1) study
design (first author, country, publication time and type of
study); (2) study population (number of included patients,
age and sex); (3) surgical procedures; (4) clinical efficacy
(fusion rates and ODI, VAS, JOA score, patients’ satisfac-
tion and HRQOL); (S)clinical safety (complications rates,
revision surgery, operation time, intraoperative blood loss,
length of hospital stay and incision length). Complica-
tions included intraoperative complications (facet joint
violation, dural tear, screw malposition,) and postop-
erative complications (screw loosening, cage migration,
screw pullout, cage subsidence, adjacent segment disease,
hematoma, superficial wound infection and deep wound
infection).

Data analysis

All the meta-analyses were performed with the Review
Manager Software (RevMan Version 5.3 Cochrane Col-
laboration). The continuous data were calculated by mean
difference (MD) with 95% confidence intervals (CI), and
dichotomous variables were determined by using risk ratio
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(RR) with 95% confidence intervals (CI). The X test (p
values) and /7 statistic test were used to calculate the sta-
tistical heterogeneity. When the test for heterogeneity was
p<0.1or I>>50%, the data were considered very hetero-
geneous and random effects model was used; if the p > 0.1
or I* <50%, the heterogeneity between studies was not sig-
nificant, a fixed effect model was used. p < 0.05 indicated
that the difference was statistically significant.

Risk of bias individual studies

A systematic assessment of bias in the RCTs was per-
formed using the Cochrane collaboration tool [23]. The
risk of bias of the cohort studies was assessed using the
Newcastle—Ottawa scale [24]. Risk of bias of the included
studies was independently assessed by two reviewers.

Disagreements will be resolved by discussion or by con-
sulting a third author.

Results
Search results

A total of 421 articles from PubMed, EMBASE, Cochrane
library, Web of science and Ovid database were initially
identified. 154 articles were found in PubMed, 73 arti-
cles were from Web of Science, 11 articles were found in
Cochrane library, 142 articles were from EMBASE, and
41 articles from Ovid were found. 216 references were
excluded because of duplication. By screening the titles
and abstracts, 185 studies were directly excluded. The

c
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Fig. 1 Study selection flow diagram
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remaining 20 studies underwent a comprehensive full-
text analysis. Finally, 14 studies met the inclusion criteria
and were included in this meta-analysis [15-18, 20-22,
25-30]. The flow diagram of the search strategy is sum-
marized in Fig. 1.

Study characteristics

The eligible studies included 2 randomized control tri-
als and 12 cohort studies published in 2015-2018. A
total of 954 patients were involved in the 14 studies. The
CBT group was 466 patients, and the PS group was 488
patients. The characteristics of included studies are pre-
sented in Table 1. In two RCTS, risk of bias in blind-
ing of participants and personnel was considered as
high risk owing to no blinding to the surgeons and the
other bias was low risk (Table 2). All 12 cohort studies
were assessed by Newcastle—Ottawa scale (NOS). Of the
studies, four studies scored 7 points, six studies scored
8 points, and two studies scored 9 points (Table 3). A
score > 7 indicated a good quality study; thus, the studies
were of a relatively high quality.

Table 1 Included studies characteristics

Clinical efficacy
Fusion rates

Fourteen studies [15-18, 20-22, 25, 26-31] including 954
patients (466 patients in the CBT group and 488 in the PS
group) that reported fusion rates at the last follow-up. These
studies reported fusion rates based on the dynamic radio-
graphs and CT images between 12- and 40-month follow-up.
The pooled fusion rates were 92.6% (452/488 levels) in the
CBT group and 92.7% (471/508 levels) in the PS group.
There was no significant heterogeneity between the two
groups (p=0.94, 2 =0%); fixed effects model was used for
meta-analysis. The results showed that there was no statisti-
cally significant difference in fusion rates between the two
groups [RR=0.99, 95% CI (0.95, 1.02), p=0.55; Fig. 2].

Postoperative ODI

Seven studies [16—18, 25, 26, 29, 31] compared mean ODI
between CBT and PS. There was significant heterogene-
ity between the two groups (P <0.00001, I*=83%). The
pooled estimated revealed that PS group had more obvious

Author Year Country Design Case Ages (year) Sex (M/F) Follow-up (month)  Operation
CBT PS CBT PS CBT PS CBT/PS

Chin et al. 2017 USA Cohort 30 30 48+3 62+3 18/12  15/15 24/24 NM

Hung et al. 2016 China Cohort 16 16 6037+11.07 64.12+5.79 5/11  6/10  18/18 PLIF

Lee et al. 2015 Korea RCT 38 39 513+124 519117 33/5 34/5 12/12 PLIF

Marengo etal. 2018 Italy Cohort 20 20 45+9.63 54+12.01 12/8  9/11 12/12 PLIF

Sakaura et al. 2016 Japan Cohort 95 82 68.7+9.5 67+8.7 46/49  36/46  35/40 PLIF

Sakaura et al. 2018 Japan Cohort 22 20 70.7+7.3 68.3+9.6 4/18  6/14  39/35 PLIF

Takenakaetal. 2017 Japan Cohort 42 77  65.7+8.1 65.7+11.4 18/24 31/46 17/35 PLIF

Xietal. 2016 China Cohort 12 20 634=x6.1 63.4+6.1 NM NM 11/11 PLIF+TLIF

Orita et al. 2016 Japan Cohort 20 20 635+94 63.7+14.3 1179  12/8 13/18 TLIF

Lee et al. 2018 Korea RCT 35 37 51.2+119 51.7+104  31/4  33/4  24/24 PLIF

Chen et al. 2016 USA Cohort 18 15 5339+197 59.2+3.12 11/7  2/13 15/15 NM

Peng et al. 2017 China Cohort 51 46  62.8 61.9 23/28  21/25 24724 PLIF

Lee et al. 2018 Korea Cohort 22 31 62.7+10.1 64.2+9.3 9/13 12/19  12/12 PLIF+PLF

Malcolmetal. 2018 USA Cohort 45 35 63+9 57+11 20/25 7/28 12/12 TLIF

CBT cortical bone trajectory, PS pedicle screw, PLIF posterior lumbar interbody fusion, TLIF transforaminal lumbar interbody fusions, PLF

posterolateral lumbar fusion

Table 2 Risk of bias assessment

p domized led trial Author Sequence Allocation Blinding Incomplete out- Selective Other bias
or randomized controlled trials generation concealment come data reporting
Lee et al. [26] Low Low High Low Low Low
Leeetal. [17] Low Low High Low Low Low
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Table3 Newcastle-Ottawa Author Year Level of Selection Compara-  Outcomes Quality
scale (NOS) assessment of evidence bility judgment
cohort study

Chin et al. 2016 I 4 1 3 8

Hung et al. 2016 v 4 2 2 8

Peng et al. 2017 v 4 1 2 7

Marengo et al. 2018 1 4 2 2 8

Sakaura et al. 2016 11 4 2 3 9

Sakaura et al. 2018 it 4 2 3 9

Takenaka et al. 2017 11 4 1 3 8

Xiet al. 2016 v 4 1 2 7

Malcolm et al. 2018 it 4 2 2 8

Orita et al. 2016 I 4 1 2 7

Lee et al. 2018 I 4 2 2 8

Chen et al. 2016 v 4 1 2 7

Selection: (1) representativeness of the exposed cohort, (2) selection of the nonexposed cohort, (3) ascer-
tainment of exposure and (4) demonstration that outcome of interest was not present at the start of study

Comparability: comparability of cohorts on the basis of the design or analysis

Outcome: (1) assessment outcome, (2) was follow-up long enough for outcomes to occur, (3) adequacy of

follow-up of cohorts (> 1 years)

NOS scores > 7 indicate a high-quality study

CTB PS
Study or Subgroup Events Total Events Total Weight
Chen YR, et al 2016 18 18 15 15 3.7%
chin K,et al 2017 29 30 27 30 5.9%
Hung CW,et al 2016 16 16 16 16 3.6%
Lee GW, etal 2018 20 22 28 31 5.1%
Lee GW, et al 2015 35 38 34 39 7.3%
Lee GW,et al 2018 33 35 35 37 7.4%
Malcolm JG,et al 2018 45 45 35 35 8.7%
Marengo N, et al 2018 18 20 17 20 3.7%
Orita S,et al 2016 20 20 20 20 4.5%
Peng J,et al 2017 48 51 44 46 10.1%
Sakaura H,et al 2016 84 95 79 82 18.5%
Sakaura H,et al 2018 40 44 38 40 8.7%
Takenaka S, et al 2017 34 42 63 77 9.7%
Xi YH, et al 2016 12 12 20 20 3.4%
Total (95% Cl) 488 508 100.0%
Total events 452 471

Heterogeneity: Chi? = 6.19, df = 13 (P = 0.94); I = 0%
Test for overall effect: Z = 0.60 (P = 0.55)

Fig.2 Comparison of fusion rate

disabilities postoperatively when compared to the CBT
group. [MD=-2.18, 95% CI (- 4.06, —0.29), p=0.02;]
(Table 4).

Postoperative back and leg pain VAS score
Ten studies [16-18, 22, 25, 26, 28-31] and nine stud-

ies [16, 17, 22, 25, 26, 28-31] reported mean back pain
VAS score and leg pain VAS score within the CBT and
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PS groups, respectively. The outcomes indicated that
VAS scores for low back pain of CBT group were bet-
ter than PS group [MD=-0.19, 95% CI (- 1.22, 0.83)];
however, this difference failed to reach statistical signifi-
cance (p=0.71). Mean leg pain intensity of PS group was
slightly greater than that in the CTB group; there were no
significant differences between the groups [MD =—0.09,
95% CI (—0.64, 0.46); p=0.75] (Table 4).
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Table 4 Meta-analysis of the surgical results

Outcomes (CBT: PS) No. studies No. patients X2 P (%) Analysis model Pooled estimate (95% CI)  p value
Operative time (min) 12 849 <0.00001 98 Random effect model —34.24 (—57.29, —11.2) 0.004*
Intraoperative blood loss (ml) 12 849 <0.00001 95 Random effect model —99.72 (—141.86, —57.58) <0.00001*
Length of hospital stay (day) 6 379 <0.00001 86 Random effect model ~ —1.18 (-2.03, —0.32) 0.007*
Incision length (cm) 3 170 <0.00001 99 Random effect model —47.87 (—76.23, —19.51) 0.0009%*
Revision surgery 4 415 0.82 0 Fixed effect model 0.44 (0.18, 1.07) 0.07
Superior facet joint violations 2 237 0.68 0 Fixed effect model 0.10 (0.02, 0.55) 0.008*
Symptomatic ASD 3 291 0.69 0 Fixed effect model 0.43 (0.20, 0.89) 0.02%
Wound infection 7 632 0.97 0 Fixed effect model 0.55 (0.20, 1.50) 0.24
Dural tear 5 515 0.61 0 Fixed effect model 0.83 (0.38, 1.84) 0.65
Screw malposition 5 416 0.84 0 Fixed effect model 0.83 (0.38, 1.84) 0.17
Hematoma 4 435 0.60 0 Fixed effect model 1.35 (0.36, 5.09) 0.66
Patients satisfaction 2 125 0.89 0 Fixed effect model 1.83 (1.28, 2.63) 0.001*
Postoperative ODI 7 429 <0.00001 83 Random effect model  —2.18,(4.06, —0.29) 0.02%
Back pain VAS score 10 536 <0.00001 98 Random effect model  —0.19 (—1.22, 0.83) 0.71

Leg pain VAS score 9 496 <0.00001 96 Random effect model ~ —0.09 (—0.64, 0.46) 0.75
JOA score 4 303 0.79 0 Fixed effect model 0.71 (-0.09, 1.52) 0.08
JOA recovery rate 4 303 0.29 21 Fixed effect model 8.73 (7.46, 10.01) <0.00001*

ODI Oswestry Disability Index, VAS visual analog scale, JOA Japanese Orthopaedic Association, ASD adjacent segment disease

*p <0.05 indicated that the difference was statistically significant

Postoperative JOA score and JOA recovery rate

Four studies [20, 21, 25, 30] compared mean JOA scores and
JOA recovery rate between CBT and PS groups (Table 4).
JOA scores and JOA recovery rate had no significant hetero-
geneity between two groups (p=0.79, I*=0% and p=0.29,
I?=21%). The pooled estimate from the studies revealed that
CBT had better functional improvement by JOA [MD=0.71,
95% CI (-0.09, 1.52), p=0.08] and JOA recovery rate
[MD=8.73,95% CI (7.46, 10.01), p<0.00001)] when com-
pared to PS groups.

Patients’ satisfaction

Among two studies [17, 31], there was significant difference
in patients’ satisfaction at 1 month after surgery between
CBT group [38/57 (66.7%)] and PS group [25/68 (36.8%)]
[OR=3.52,95% CI (1.67-7.43), p=0.001] (Table 4). At the
6 month, 1-year and 2-year follow-up, there was no signifi-
cant difference between the groups.

HRQOL

One cohort study [31] and one RCT [17] analyzed HRQOL
outcomes using SF-12; the results suggest no difference in
the Mental Component Summary score and Physical Com-
ponent Summary score between CBT and PS (p > 0.05).

Clinical safety
Complication rate

Nine studies [15, 17, 18, 20, 21, 26, 27, 29, 30] with a total
of 736 patients (360 patients in the CBT group and 376 in
the PS groups) reported the data of complication rate. The
analysis indicated that PS group had a significant higher
complication rate than CBT group [RR =0.46, 95% CI (0.33
to 0.64), p <0.00001], and no heterogeneity was detected
among the studies (p =0.66, I’=0%) (Fig. 3). Moreover, the
incidences of intraoperative complications [RR=0.41, 95%
CI (0.24-0.69), p=0.001] and postoperative complications
[RR=0.53, 95% CI (0.34-0.82), p=0.004] were higher in
the PS group than those in the CBT group; there was no
significant heterogeneity (p=0.44, =0%) and (p=0.98,
?=0%) (Figs. 4, 5). We further divided complications into
six common parts, which included superior facet joint viola-
tions, symptomatic ASD, wound infection, dural tear, screw
malposition and hematoma.

Two studies [18, 26] reported superior facet joint viola-
tions; significant difference was observed between the CBT
and PS groups [0.85% (1/118) in CTB group and 11.76%
(14/119) in the PS group], [RR=0.1, 95% CI (0.02-0.55),
p=0.008)] (Table 4). Perfect homogeneity was present with
p=0.68 and I*=0%. Three studies [17, 20, 21] with 291
patients reported symptomatic ASD. The incidence of symp-
tomatic ASD of PS group was significantly higher than that
of CBT group [RR=0.43, 95% CI (0.20-0.89), p =0.02;
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CBT PS Risk Ratio Risk Ratio
Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI

Lee GW, et al 2015 0 38 10 39 12.0% 0.05[0.00, 0.81] "
Lee GW,et al 2018 10 35 17 37 191% 0.62[0.33, 1.17] T
Malcolm JG,et al 2018 8 45 8 35 10.4% 0.78[0.32, 1.87] -
Marengo N, et al 2018 5 20 13 20 15.0% 0.38[0.17, 0.88] -
Peng J,et al 2017 2 51 4 46  4.9% 0.45[0.09, 2.35] - 1
Sakaura H,et al 2016 10 95 17 82 21.1% 0.51[0.25, 1.05] -]
Sakaura H,et al 2018 4 22 7 20 8.5% 0.52[0.18, 1.51] -
Takenaka S, et al 2017 1 42 4 77 3.3% 0.46 [0.05, 3.97] - 1
Xi YH, et al 2016 0 12 6 20 5.7% 0.12[0.01, 2.03]
Total (95% Cl) 360 376 100.0% 0.46 [0.33, 0.64] L 2
Total events 40 86 . . . .
Heterogeneity: Chi? = 5.89, df = 8 (P = 0.66); 1> = 0% J ' J '
Test for overall effect: Z = 4.57 (P < 0.00001) 0.005 FaV(()JL.I:S [CBT]1 Favours1 ([)PS] 200

Fig. 3 Comparison of complications rate

CBT PS Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Lee GW, et al 2015 0 38 9 39 224% 0.05 [0.00, 0.90] =
Malcolm JG,et al 2018 7 45 5 35 13.4% 1.09[0.38, 3.14] -
Marengo N, et al 2018 4 20 10 20 23.9% 0.40 [0.15, 1.07] =
Peng J,et al 2017 0 51 2 46 6.3% 0.18 [0.01, 3.67]
Sakaura H,et al 2016 4 95 6 82 15.4% 0.58[0.17, 1.97] - "1
Sakaura H,et al 2018 1 22 1 20 2.5% 0.91[0.06, 13.59]
Takenaka S, et al 2017 0 42 2 77 4.2% 0.36 [0.02, 7.39]
Xi YH, et al 2016 0 12 6 20 11.9% 0.12[0.01, 2.03] -
Total (95% Cl) 325 339 100.0% 0.41 [0.24, 0.69] <&
Total events 16 41 . . . .
Heterogeneity: Chi? = 6.93, df =7 (P = 0.44); 12 = 0% J i J '
Test for overall effect: Z = 3.30 (P = 0.0010) 0.005 Favc?l;:s [CBT]1 Favours1 ?PS] 200
Fig.4 Comparison of intraoperative complications rate
CBT PS Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H. Fixed. 95% CI
Lee GW, et al 2015 0 38 1 39 3.2% 0.34 [0.01, 8.14]
Lee GW,et al 2018 10 35 17 37 359% 0.62[0.33, 1.17] —&T
Malcolm JG,et al 2018 1 45 3 35 7.3% 0.26 [0.03, 2.39]
Marengo N, et al 2018 1 20 3 20 6.5% 0.33 [0.04, 2.94]
Peng J,et al 2017 2 51 2 46 4.6% 0.90[0.13, 6.15] -
Sakaura H,et al 2016 6 95 11 82 25.7% 0.47 [0.18, 1.22] L
Sakaura H,et al 2018 3 22 6 20 13.7% 0.45[0.13, 1.58] - "
Takenaka S, et al 2017 1 42 2 77 3.1% 0.92[0.09, 9.81]
Xi YH, et al 2016 0 12 0 20 Not estimable
Total (95% CI) 360 376 100.0% 0.53 [0.34, 0.82] <>
Total events 24 45 . . . .
Heterogeneity: Chi? = 1.52, df =7 (P = 0.98); 12 = 0% J ' J !
Test for overall effect: Z = 2.85 (P = 0.004) 0.02 F(;Jours[CBT]1 Favours[P1S(]) 50

Fig.5 Comparison of postoperative complications rate

12=0%] (Table 4). Seven studies [15, 18, 20, 21, 26, 27, statistical significance (Table 4). Regarding dural tear, five
29] reported postoperative wound infection [RR=0.55(95%  studies [15, 20, 21, 27, 29] revealed that CBT group and
CI (0.20-1.50), p=0.24)]; this difference failed to reach ~ PS group had similar rates of dural tear without significant
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heterogeneity [RR=0.83, 95% CI (0.38-1.84), p=0.65] and
(p=0.61, PP=0%) (Table 4). Five studies [18, 20, 21, 26,
27] reported the data of screw malposition with no statis-
tical difference between both groups [RR=0.53, 95% CI
(0.21-1.33), p=0.17] (Table 4). Four studies [15, 20, 21, 29]
with a total of 435 patients reported the data of hematoma.
There was no significant heterogeneity between two groups
(p=0.60; I’=0%); CBT group and PS group had similar
incidence of hematoma [RR=1.35, 95% CI (0.36-5.09),
p=0.66] (Table 4).

Other complications including cage subsidence and screw
loosening were reported by Lee et al. [17]; they noted that
signs of screw loosening were observed in 7 of 37 patients
(19%) in PS group and 4 of 35 patients (11.4%) in CBT
group B (p=0.51), and cage subsidence was revealed in
two patients in each group with no significant difference.
Marengo et al. [18] found that there was one case of cage
subsidence in the CBT group and two in the PS group with-
out significant difference.

Revision surgery

Four studies [15, 20, 21, 27] including 415 patients (201
patients in the CBT group and 214 in the PS group) reported
reoperations at the final follow-up. There was no significant
heterogeneity between the two groups (p=0.82; I’ =0%).
The results showed that reoperation rate of CBT group
was lower than PS groups with no statistical difference
[RR=0.44,95% CI (0.18, 1.07), p=0.07] (Fig. 6).

Operation time, intraoperative blood loss, length
of hospital stay and incision length

The operation time was available from 12 studies [15, 16,
18, 20, 21, 25, 26-31]. The results revealed that the opera-
tion time of CBT group was shorter than that of PS group
(MD =-34.24; 95% CI (—57.29 to — 11.2); p=0.004).
Regarding intraoperative blood loss, 12 studies [15, 16,
18, 20, 21, 25, 26-31] revealed that PS group had a signifi-
cantly higher blood loss than CBT [MD =-99.72, 95% CI

CBT PS
Study or Subgroup Events Total Events Total Weight
Malcolm JG,et al 2018 1 45 1 35 1.7%
Sakaura H,et al 2016 4 92 9 82 64.9%
Sakaura H,et al 2018 0 22 2 20 17.8%
Takenaka S, et al 2017 1 42 2 77 9.6%
Total (95% Cl) 201 214 100.0%
Total events 6 14

Heterogeneity: Chi? = 0.90, df = 3 (P = 0.82); 1= 0%
Test for overall effect: Z = 1.81 (P = 0.07)

Fig.6 Comparison of revision surgery rate

(—141.86 to —57.58), p <0.00001; I>=95%]. Six studies
[18, 25, 26, 27, 29, 31] reported the length of hospital
stay, showing that length of hospital stay was significantly
less in CBT than that in PS (MD=-1.18;95% CI (—2.03
to —0.32) p=0.007). The incision length was available
from three studies [18, 26, 31]. Length of incision was
significantly shorter in CBT group than in PS group
(MD=-47.87, 95% CI (-76.23 to 19.51); p=0.0009)
(Table 4).

Sensitivity analysis and publication bias

Sensitivity analysis by reanalyzing the data after sequen-
tial single elimination of each studies revealed no signifi-
cant changes for operation time, intraoperative blood loss,
length of hospital stay and incision length. After single
elimination of each study, there was also no statistically
significant difference in postoperative ODI, postoperative
back and leg pain VAS score between the CBT and PS
groups. The funnel plot of the studies that reported the
fusion rate is shown in Fig. 7, indicating minimal publica-
tion bias.
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Fig. 7 Funnel plot of fusion rate
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Discussion

Two RCT and twelve cohort studies from the literature
search up to June 2018 were included. This meta-analysis
included 954 patients comparing the safety and efficacy
between CBT and PS and suggests that there are not sig-
nificant difference in outcomes for postoperative back and
leg pain VAS and postoperative JOA score. However, CBT
was superior to PS with a significant lower postoperative
ODI and higher JOA recovery rate. Moreover, CBT group
had significantly better results in operation time, intra-
operative blood loss, length of hospital stay and incision
length compared with PS group. Furthermore, CBT group
was associated with less revision surgery compared with
PS group without significant statistical difference.

Fusion rates are considered one of the most important
factors in the evaluation of the clinical efficacy between
CBT and PS in posterior lumbar fusion surgery. This
meta-analysis showed that there was no statistically sig-
nificant difference in fusion rates between CBT group and
PS group. The pooled fusion success rates were 92.6%
(452/488 levels) in the CBT group and 92.7% (471/508
levels) in the PS group. Two prospectively randomized
comparative study, conducted by Lee et al. [17, 26], found
that the fusion rates were seen to be equivalent between
CTB and PS in single-level PLIF at 1-year follow-up and
the 2-year follow-up. The outcomes at 2-year follow-up are
improved from 87.2 to 94.5% in PS group and from 92.1
to 94.3% in CTB group compared with the outcomes at
1-year follow-up. Some recent papers revealed that using
CTB in lumbar fusion surgery may produce slightly lower
fusion rates in comparison with PS. Sakaura et al. [20, 21]
recently reported clinical and radiological outcomes after
single-level and two-level PLIF with CBT screw fixation
compared with those using traditional PS fixation. They
noted that the fusion rates were lower in the CTB group
than those in the PS group in both single-level and two-
level PLIF, although the difference was not statistically
significant. Sakaura et al. selected articular surface of the
superior articular process as starting point. The differences
of the entry point and the trajectory may be associated
with structural stability, resulting in relatively lower fusion
rates in the CTB group.

The complication rates are regarded as one of the most
important factors to evaluate clinical safety between CBT
group and PS group. The results of this meta-analysis
showed that the PS group had significant higher compli-
cation rates compared with the CBT group. In the current
study, comparing CBT with PS showed that there was no
significant difference with respect to wound infection,
dural tear, screw malposition and hematoma. The most
important clinically findings were that PS was associated

@ Springer

with significant higher incidences of superior facet joint
violations and symptomatic ASD.

Superior facet joint violation was a common complica-
tion during pedicle screw placement. In this meta-analysis,
the incidence of superior facet violations of PS group was
significant higher than that of CBT group [0.85% (1/118) in
CTB group and 11.76% (14/119) in the PS group], which
was not consistent with the previous studies in which the
incidence of the facet joint violation occurred in 3-35% in
open pedicle screw fixation and 4-50% in percutaneous sur-
gery [5, 6, 32, 33]. Facet joint with lumbar intervertebral
disk constitutes the lumbar complex which is responsible for
the spine movement, stability, torsion and load-bearing abil-
ity [34]. Facet joint violations can destroy the spine stability
and further accelerate the development of adjacent segment
disease [18, 26] Due to the entry point of the CTB being
near the pars articularis, which is far from the superior facet
joint, the risk of superior facet violation is much lower than
that in traditional PS.

Adjacent segment degeneration (ASD) is one of the major
complications after lumbar fusion surgery. Various possi-
ble risk factors of ASD have been reported, including facet
joints degeneration or violation, multi-level fusion, segmen-
tal lordosis and excessive disk height distraction [35-39].
The rates of symptomatic ASD were 5.92% (9/152) in the
CBT group and 14.39% (20/139) in the PS group, which
showed that the incidence of symptomatic ASD after pos-
terior lumbar fusion with PS is higher than that with CBT.
The results indicated that CBT screw fixation could reduce
the incidence of symptomatic ASD by limiting the dissection
of the superior facet joints, reducing paraspinal muscles dis-
section which could maintain spine stability. Several studies
indicated that treatment of symptomatic ASD after lumbar
fusion surgery using cortical bone trajectory screw fixation
technique results in satisfactory effects [40, 41]. In the recent
retrospective study, Lee et al. [32] noted the minimally inva-
sive surgery with CBT for ASD offers similar fusion rates,
better clinical outcomes, faster recovery and better patients’
satisfaction in comparison with PS group.

In this current study, there was a trend toward increased
postoperative surgical infection rates in PS when compared
to CBT (1.3% vs. 2.8%). However, this was no statistical
significance. PS group are confronted with larger incisions,
more extensive soft tissue dissection, longer operation time,
larger blood loss and wider retraction, which could increase
the rate of surgical site infections. Long operation time and
large blood loss increased periods of tissue retraction and
resulted in tissue ischemia and necrosis which increased the
risk of wound infections [41]. Extensive muscle dissection
and large incisions not only maximize soft tissue trauma, but
also increase the dead space in the operative site [42, 43].

Other main complications included dural tear, screw mal-
position, hematoma, screw loosening and cage migration.
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In this meta-analysis, the rates of dural tear were similar
between 2 groups (10/255 vs. 11/260). Cerebrospinal fluid
(CSF) leak caused persistent headache, deep wound infec-
tion and meningitis which in turn resulted in a longer postop-
erative hospitalization [44, 45]. Rare complications includ-
ing screw pullout had been seldom observed in these studies.
Therefore, both posterior lumbar fusion with CBT and with
PS was relatively safe.

The results of this meta-analysis showed that CBT was
superior to PS in terms of patient satisfaction, operation
time, intraoperative blood loss, length of hospital stay and
incision length. Many studies had demonstrated that there
were strong association between longer operative time and
perioperative complications [46—50]. Kim et al. [49] sug-
gested that operative time was an independent risk factor for
postoperative complications in single-level lumbar fusion.
Phan et al. [50] noted that operation time was a risk factor
for many postoperative complications, such as wound and
pulmonary complications, venous thromboembolism and
reoperation. Perioperative complications would significantly
prolong the hospital stay, and consequently increase the hos-
pitalization costs and reduce patient satisfaction.

Limitations

This meta-analysis has several limitations. First, the included
studies have only two RCTS and the rest are cohort studies.
Besides, small sample studies are more likely to overesti-
mate the clinical effects. Second, studies were performed in
different surgical centers by different types of surgery, sur-
gical experience and lumbar pathology, which are possible
sources of clinical heterogeneity. Last, in this meta-analysis,
postoperative follow-up period of the studies was relatively
short. (The mean follow-up period was less than 2 years.)

Conclusions

Overall, this meta-analysis demonstrates that both CBT and
PS achieve similar fusion rate and clinical outcomes in the
treatment of degenerative lumbar diseases. However, CBT
is associated with better postoperative JOA recovery rate
and ODI. Furthermore, CBT is superior to PS with lower
incidence of superior facet joint violation and symptomatic
ASD. However, revision surgery and other complications
(including wound infection, dural tear, screw malposition
and hematoma, etc.) are similar in both groups. Moreover,
PS group require longer operation time, longer length of
hospital stay, longer incision length and more blood loss
than CBT group.
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